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1

Despite advancements in therapy for advanced gastric and gastroesophageal junction cancers, their prognosis remains dismal. Tumor angiogenesis plays a key role in cancer growth
and metastasis, and recent studies indicate that pharmacologic blockade of angiogenesis
is a promising approach to therapy. In this systematic review, we summarize current literature on the clinical benefit of anti-angiogenic agents in advanced gastric cancer. We conducted a systematic search of PubMed and conference proceedings including the American
Society of Clinical Oncology, the European Society for Medical Oncology, and the European
Cancer Congress. Included studies aimed to prospectively evaluate the efficacy and safety
of anti-angiogenic agents in advanced gastric or gastroesophageal junction cancer. Each
trial investigated at least one of the following endpoints: overall survival, progression-free
survival/time to progression, and/or objective response rate. Our search yielded 139 publications. Forty-two met the predefined inclusion criteria. Included studies reported outcomes
with apatinib, axitinib, bevacizumab, orantinib, pazopanib, ramucirumab, regorafenib,
sorafenib, sunitinib, telatinib, and vandetanib. Second-line therapy with ramucirumab and
third-line therapy with apatinib are the only anti-angiogenic agents so far shown to significantly improve survival of patients with advanced gastric cancer. Overall, agents that specifically target the vascular endothelial growth factor ligand or receptor have better safety
profile compared to multi-target tyrosine kinase inhibitors.

Key words
Angiogenesis inhibitors, Esophagogastric junction,
Stomach neoplasms, Vascular endothelial growth factors
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Introduction
Gastric cancer is the fifth most common malignancy and
the third leading cause of cancer mortality worldwide [1].
Curative intent surgical resection is the preferred approach
to treat localized gastric cancer. Despite radical resection and
perioperative or adjuvant treatment, recurrence rates remain
high in gastric cancer patients, with a consequently poor
prognosis [2]. Platinum plus fluoropyrimidine-based combinations are established worldwide as first-line drug regimens
[3]. In randomized trials, selected second-line chemotherapy
significantly improved overall survival (OS) compared with
best supportive care; however, median survival was less than
six months with second-line chemotherapy [4].
Vascular endothelial growth factor (VEGF) and VEGF
receptor-2 (VEGFR-2)–mediated signaling and angiogenesis
contribute to the pathogenesis of gastric cancer. In patients
with gastric cancer, circulating and tumor concentrations of
VEGF are associated with increased tumor aggressiveness
and reduced survival [5]. In preclinical studies, inhibition of
VEGF or VEGFR-2, or their downstream signaling pathways,
has been shown to reduce tumor growth [6]. Anti-angiogenic
agents have been approved for a range of cancer types, and
more recently in advanced gastric or gastroesophageal junction cancer.
We systematically reviewed the literature to evaluate the
efficacy and safety of anti-angiogenic agents in advanced
gastric or gastroesophageal junction cancer, with a focus on
the safety profiles of agents with different mechanisms of
action, quality of life (QoL), and biomarkers of response.

Mechanisms of Action of Anti-angiogenic
Agents
VEGF-A is a key regulator of angiogenesis [7]. The VEGFVEGFR signaling axis is composed of multiple ligands and
receptors with overlapping and distinct ligand-receptor
binding specificities, cell-type expression, and function [8].
Activation of the VEGFR-2 pathway triggers a network of
signaling processes that stimulate endothelial cell growth,
migration, and survival from preexisting vasculature [7]. In
addition, VEGF-A mediates vessel permeability and has been
associated with malignant effusions and the mobilization of
endothelial progenitor cells from the bone marrow to distant
sites of neovascularization [7].
Studies with various anti-angiogenic agents have shown
that these agents can inhibit angiogenesis and tumor growth
in preclinical models. Clinical studies show anti-angiogenic
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agents, either alone or in combination with chemotherapy,
can significantly improve survival and response rates in a
range of cancer types. The most common approaches to
inhibiting the VEGF-VEGFR signaling axis include VEGF ligand-targeted therapy, inhibition of VEGFR tyrosine kinases
and their downstream targets, and VEGFR-2–targeted therapy (S1 Fig.). Other approaches include blockade of
angiopoietin1-Tie2 signaling, which is essential for developmental vascular formation [9], destabilizing of tumor vasculature and its supporting structures with vascular disrupting
agents [10], and inhibition of hypoxia-inducible factors [11];
these agents were not in clinical development in gastric cancer at the time of this systematic search and are beyond the
scope of this review.

Methods
1. Data sources and searches
This review and its procedures were planned, conducted,
and reported according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines [12]. A comprehensive search strategy was developed
for PubMed (S2 Table). Congress abstract databases do not
have an advanced search function; therefore, pairs of terms
were derived from the search strategy for PubMed and used
to search the following congress abstract databases: American Society for Clinical Oncology (ASCO) Annual Meeting,
ASCO Gastrointestinal Cancers Symposium, European Society for Medical Oncology (ESMO) Congress, ESMO World
Congress on Gastrointestinal Cancer, and European Cancer
Congress (S3 Table). Additional articles were identified by
searches of a range of bibliographic sources, including ClinicalTrials.gov. The search was not restricted by publication
date, with the exception of congress abstract databases,
which were limited to the past 2 years. The primary search
was conducted in July 2015, and a second search conducted
in September 2016 to identify articles published after July
2015 when the initial search was performed.
2. Study selection
Two authors (R.C. and R.C.) were designated as reviewers
and independently screened the title and abstract of each
record retrieved to identify potentially relevant articles for
full-text review. In cases in which the two reviewers did not
agree, a third reviewer arbitrated. Inclusion criteria included
meta-analyses; systematic reviews; randomized and nonrandomized clinical trials; retrospective and prospective obser-

Identification
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Records identified
through database searching
(PubMed) (n=102)

Additional records identified
through other sources
(including congress abstracts) (n=88)

Screening

Records after duplicates
removed (n=190)

Records screened (n=190)

Records excluded (n=119)

Full-text articles and abstracts
assessed for eligibility (n=71)

Full-text articles and abstracts excluded,
with reasons (n=24)

Included

Eligibility

No data on anti-angiogenic agents (n=1)
Not advanced gastric or gastroesophageal
junction cancer (n=3)
Endpoints did not include OS, PFS/TTP, or ORR (n=15)
Subgroup analysis outside the scope of the
review (n=4)
Congress abstract duplicated by primary
publication (n=1)

Studies included in
qualitative synthesis (n=47)

Fig. 1. PRISMA flow diagram. OS, overall survival; PFS, progression-free survival; TTP, time to progression; ORR, objective
response rate.

vational studies; phase I, II, and III clinical trials; studies of
patients with advanced gastric cancer; and studies on antiangiogenic agents. Each trial investigated at least one of the
following endpoints: OS, progression-free survival (PFS)/
time to progression (TTP), and/or objective response rate
(ORR); complete response plus partial response (CR+PR).
Exclusion criteria included narrative reviews, letters, editorials, commentaries, case studies, case series, non-human
studies, studies of patients with early-stage gastric cancer,
studies of patients with gastrointestinal stromal tumors,
studies on colorectal cancer, and studies not published in
English.

Results
Our search yielded 189 publications, 47 of which met the
predefined inclusion criteria. Included studies reported outcomes with apatinib, axitinib, bevacizumab, orantinib,
pazopanib, ramucirumab, regorafenib, sorafenib, sunitinib,
telatinib, and vandetanib. The PRISMA flow diagram for this
systematic review is shown in Fig. 1.
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Shen et al.
(AVATAR)
[19]

Ohstu et al.
(AVAGAST)
[18]

Uronis et al. [17]

El-Rayes et al. [16]

Enzinger et al. [15]

Shah et al. [14]

Shah et al. [13]

Author

Phase III,
randomized,
double-blind,
placebocontrolled/
1st-line

Phase II,
single-arm/
1st-line
Phase II,
single-arm/
1st-line
Phase II,
single-arm/
1st- and
2nd-line
Phase II,
single-arm/
1st-line
Phase II,
single-arm/
1st-line
Phase III,
randomized,
double-blind,
placebocontrolled/
1st-line

Trial design/
Setting

202

774

37

38

35

47

44

No. of
patients

Bevacizumab
+capecitabine/
cisplatin vs.
placebo
+capecitabine/
cisplatin

Bevacizumab
+docetaxel/
cisplatin/5-FU
Bevacizumab
+cisplatin/
irinotecan
Bevacizumab
+docetaxel/
cisplatin/
irinotecan
Bevacizumab
+docetaxel/
oxaliplatin
Bevacizumab
+capecitabine/
oxaliplatin
Bevacizumab
+fluoropyrimidine/
cisplatin vs.
placebo
+fluoropyrimidine/
cisplatin

Treatment

OS

OS

PFS

PFS

ORR

TTP

PFS

Primary
endpoint

Bevacizumab
+fluoropyrimidine/
cisplatin 12.1 mo vs.
placebo
+fluoropyrimidine/
cisplatin 10.1 mo:
HR 0.87
95% CI 0.73-1.03
p=0.1002
Bevacizumab
+capecitabine/
cisplatin 10.5 mo vs.
placebo
+capecitabine/
cisplatin 11.4 mo:
HR 1.11
95% CI 0.79-1.56
p=0.5567

10.8 mo
95% CI 8.7-14.5

11.1 mo
95% CI 8.2-15.3

26.9 mo
95% CI 11.31-36.36

12.3 mo
95% CI 11.3-17.2

16.8 mo
95% CI 12.1-26.1

OS

Bevacizumab
+fluoropyrimidine/
cisplatin 6.7 mo vs.
placebo
+fluoropyrimidine/
cisplatin 5.3 mo:
HR 0.80
95% CI 0.68-0.93
p=0.0037
Bevacizumab
+capecitabine/
cisplatin 6.3 mo vs.
placebo
+capecitabine/
cisplatin 6.0 mo:
HR 0.89
95% CI 0.66-1.21
p=0.4709

7.2 mo
95% CI 5.4-8.5

6.6 mo
95% CI 4.4-10.5

13.9 mo
95% CI 8.5-22.33

NR

12 mo
95% CI 8.8-18.2

PFS/TTP

Table 1. Summary of efficacy in phase II and III studies of bevacizumab in advanced gastric and gastroesophageal junction cancer

Bevacizumab
+capecitabine/
cisplatin 41% vs.
placebo
+capecitabine/
cisplatin 34%:
p=0.3480

Bevacizumab
+fluoropyrimidine/
cisplatin 46% vs.
placebo
+fluoropyrimidine/
cisplatin 37%:
p=0.0315

51%
95% CI 35.5-67.1

42%
95% CI 28-58

77%
95% CI 0.59-0.88

65%
95% CI 46-80

67%
95% CI 50-81

ORR
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OS, overall survival (median); PFS, progression-free survival (median); TTP, time to progression (median); ORR, objective response rate; 5-FU, 5-fluorouracil; CI,
confidence interval; NR, not reported; HR, hazard ratio; ECX, epirubicin, cisplatin, and capecitabine.

Bevacizumab+ECX 30% vs.
placebo+ECX 32%
HR 1.026
95% CI 0.867-1.214
p=0.768
HR 1.067
95% CI 0.891-1.280
p=0.478
Bevacizumab
OS
+epirubicin/
capecitabine/
cisplatin vs.
placebo+epirubicin/
capecitabine/cisplatin
1,063
Phase II/III,
randomized,
open-label,
placebocontrolled/
1st-line
Cunningham et al.
(ST03) [20]

Trial design/
Setting
Author

Table 1. Continued

No. of
patients

Treatment

Primary
endpoint

OS

PFS/TTP

ORR
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1. Efficacy and safety of VEGF-A–targeted therapy
Bevacizumab and ziv-aflibercept are VEGF ligand–targeted therapies. Bevacizumab is a monoclonal antibody targeting VEGF-A, a key mediator of physiologic and pathologic angiogenesis while the recombinant fusion protein zivaflibercept binds both VEGF-A and -B and placental growth
factor.
A summary of published phase II and III trials with bevacizumab in gastric cancer is shown in Table 1. Multiple phase
II single-arm studies of bevacizumab in combination with
first-line chemotherapy in advanced gastric cancer showed
that median OS ranged from 10.8 months to 16.8 months
[13-17].
A phase III, international, randomized, double-blind,
placebo-controlled study (AVAGAST) investigated bevacizumab in combination with fluoropyrimidine-cisplatin in
the first-line setting in 774 patients with advanced or
metastatic gastric or gastroesophageal junction cancer [18].
Although median PFS and ORR were significantly improved
with addition of bevacizumab, this study did not meet the
primary endpoint of OS (Table 1). The most common treatment emergent adverse events were similar between the
treatment arms (grade 3-5 neutropenia [35% vs. 37%], anemia
[10% vs. 14%], and decreased appetite [8% vs. 11%]). Adverse
events of special interest (AESIs) included grade 3-5 venous
thromboembolic events (6% vs. 9%), and hypertension
(6% vs. < 1%).
Interestingly, in a preplanned exploratory subgroup analysis of the AVAGAST study, there was a difference in the benefit from bevacizumab among the geographic regions of the
world. Pan-American patients appeared to have a survival
benefit (11.5 months vs. 6.8 months; hazard ratio [HR], 0.63;
95% confidence interval [CI], 0.43 to 0.94) whereas Asian
patients appeared to have no benefit (13.9 months vs. 12.1
months; HR, 0.97; 95% CI, 0.75 to 1.25), and European
patients had an intermediate benefit (11.1 months vs. 8.6
months; HR, 0.85; 95% CI, 0.63 to 1.14), possibly due to differences in independent prognostic factors and use of subsequent therapies [18].
Based on the geographical differences observed in the
AVAGAST study, a study of similar design (AVATAR) was
conducted in 202 Chinese patients [19]. Similarly to AVAGAST, AVATAR did not reach its primary endpoint and
showed similar median PFS and ORR between the two arms
(Table 1). Treatment emergent adverse event (TEAEs) and
AESIs were lower for the bevacizumab compared to the control arm (TEAEs, grade 3-5 hemorrhage [4% vs. 12%]; grade
 3 AESIs, hemorrhage [4% vs. 12%] and arterial thromboembolic events [3% vs. 4%]).
A phase II/III, multicenter, randomized study (ST03)
investigated perioperative epirubicin, capecitabine, and cisVOLUME 49 NUMBER 4 October 2017
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Phase III,
randomized,
double-blind,
placebocontrolled/
2nd-line
Phase III,
randomized,
double-blind,
placebocontrolled/
2nd-line
Phase II,
randomized,
double-blind,
placebocontrolled/
1st-line

Trial design/
Setting

168

665

355

No. of
patients

Ramucirumab
+FOLFOX vs.
placebo+FOLFOX

Ramucirumab+
paclitaxel vs.
placebo+paclitaxel

Ramucirumab vs.
placebo

Treatment

PFS

OS

OS

Primary
endpoint

Ramucirumab+paclitaxel
9.6 mo vs.
placebo+paclitaxel 7.4 mo:
HR 0.807
95% CI 0.68-0.96
p=0.017
Ramucirumab+FOLFOX
11.7 mo vs.
placebo+FOLFOX 11.5 mo:
HR 1.08
95% CI 0.73-1.58

Ramucirumab 5.2 mo vs.
placebo 3.8 mo:
HR 0.776
95% CI 0.60-1.00
p=0.047

OS

Ramucirumab+paclitaxel
4.4 mo vs.
placebo+paclitaxel 2.9 mo:
HR 0.635
95% CI 0.54-0.75
p < 0.0001
Ramucirumab+FOLFOX
6.4 mo vs.
placebo+FOLFOX 6.7 mo:
HR 0.98
95% CI 0.69-1.37
p=0.89

Ramucirumab 2.1 mo vs
placebo 1.3 mo:
HR 0.483
95% CI 0.38-0.62
p < 0.0001

PFS/TTP

Ramucirumab+FOLFOX 45%
vs. placebo+FOLFOX 46%

Ramucirumab+paclitaxel 28%
vs. placebo+paclitaxel 16%:
p=0.0001

Ramucirumab 3%
vs. placebo 3%:
p=0.76

ORR

OS, overall survival (median); PFS, progression-free survival (median); TTP, time to progression (median); ORR, objective response rate; HR, hazard ratio; CI, confidence interval; FOLFOX, folinic acid, 5-fluorouracil, and oxaliplatin.

Yoon et al. [23]

Wilke et al.
(RAINBOW) [22]

Fuchs et al.
(REGARD) [21]

Author

Table 2. Summary of efficacy in phase II and III studies of ramucirumab in advanced gastric and gastroesophageal junction cancer
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platin with or without bevacizumab in 1,063 patients with
localized gastric or gastroesophageal junction cancer [20,24].
Likewise, 3-year survival rates (48% vs. 49%) and diseasefree survival (HR, 1.006; 95% CI, 0.852 to 1.187; p=0.943) were
not significantly different between the treatment arms. The
most common grade  3 TEAEs included lethargy and handfoot syndrome which were similar, and neutropenia which
was slightly higher in the bevacizumab arm (S4 Table).
The first data from the phase II, double-blind, randomized
study of ziv-aflibercept for the first-line treatment of 64
patients with metastatic gastric and gastroesophageal junction cancer was disclosed at the ASCO 2016 Gastrointestinal
Cancers Symposium [25]. This study showed that ziv-aflibercept did not significantly improve the efficacy of folinic acid,
5-fluorouracil, and oxaliplatin (FOLFOX). The 6-month PFS
rate was 60.5% in the ziv-aflibercept plus FOLFOX arm and
57.1% in the placebo plus FOLFOX arm (p=0.80). Grade  3
TEAEs included hypertension (47% vs. 5%), neutropenia
(28% vs. 19%), and fatigue (12% vs. 5%) [25].
Based on these published studies, there is currently no
established role for targeting VEGF-A for first-line therapy
in gastric cancer. There are however several ongoing studies
of bevacizumab which are described in S5 Table.
2. Efficacy and safety of VEGFR-2–targeted therapy
Ramucirumab is a recombinant human immunoglobulin
G1 (IgG1) neutralizing monoclonal antibody specific for
VEGFR-2 that prevents ligand binding and receptor-mediated pathway activation in endothelial cells [26]. Ramucirumab is approved as a single agent, or in combination
with paclitaxel, for the treatment of patients with advanced
or metastatic gastric or gastroesophageal junction cancer
with disease progression on or after prior fluoropyrimidineor platinum-containing chemotherapy. Ramucirumab is also
approved in the second-line setting in metastatic non-small
cell lung cancer and metastatic colorectal cancer. A summary
of published phase II and III trials with ramucirumab in gastric cancer is shown in Table 2.
A phase III, international, randomized, double-blind,
placebo-controlled study (REGARD) investigated ramucirumab versus placebo in the second-line setting in 355
patients with advanced gastric or gastroesophageal junction
cancer [21]. To our knowledge, this study was the first to
show that a biological treatment given as a single drug has
survival benefits as assessed by OS and PFS in patients with
gastric cancer (Table 2). The most common grade  3 TEAEs
were hypertension, fatigue, abdominal pain, and anemia
which all had a similar incidence between treatment arms
(S4 Table). Rates of any-grade TEAEs were mostly similar
between treatment arms (94% vs. 88%). AESIs included
hypertension (16% vs. 8%) and bleeding or hemorrhage

(13% vs. 11%).
A subgroup analysis of the REGARD study showed that
the survival benefit associated with ramucirumab was similar between Asian patients and those from America, Europe,
and Australia, although relatively few Asian patients were
enrolled (Caucasian patients, median OS [HR, 0.784; 95% CI,
0.590 to 1.042]; Asian patients, median OS [HR, 0.636; 95%
CI, 0.306 to 1.321]) [21]. When compared to placebo, ramucirumab conferred similar improvements for median OS and
PFS between patients aged < 65 years and those aged  65
years in the REGARD study (median OS [HR, 0.846; 95% CI,
0.611 to 1.171] vs. [HR, 0.722; 95% CI, 0.471 to 1.106]; median
PFS [HR, 0.450; 95% CI, 0.327 to 0.620] vs. [HR, 0.490; 95%
CI, 0.319 to 0.752]) [27].
A second phase III, international, randomized, doubleblind, placebo-controlled study (RAINBOW) investigated
ramucirumab plus paclitaxel versus placebo plus paclitaxel
in the second-line setting in 665 patients with advanced gastric or gastroesophageal junction cancer [22]. This study
showed that the combination of ramucirumab with paclitaxel
significantly improved median OS, median PFS, and ORR
(Table 2), and could be regarded as a new standard secondline treatment for patients with advanced gastric cancer. The
most common grade  3 TEAEs included neutropenia,
leukopenia, hypertension and fatigue which had higher
incidence in the ramucirumab arm (Table 2). Higher incidence of most common any-grade AESIs (bleeding or hemorrhage [42% vs. 18%]; hypertension [25% vs. 6%]; proteinuria [17% vs. 6%]; liver injury or failure [17% vs. 12%])
were observed in the ramucirumab arm versus placebo arm.
A subgroup analysis of East Asian patients in the RAINBOW study indicated that ramucirumab plus paclitaxel significantly improved PFS (5.5 months vs. 2.8 months [HR,
0.628; 95% CI, 0.473 to 0.834; p=0.001]) and ORR (34% vs.
20%, p=0.0134), and had a numerically longer median OS
(12.1 months vs. 10.5 months [HR, 0.986; 95% CI, 0.727 to
1.337; p=0.929]) compared to placebo [28]. The longer median
survival time in East Asian patients compared to non-East
Asian patients [28] may be due to the more frequent use of
post-study discontinuation treatment by East Asian patients
(67% in both arms combined) compared to non-East Asian
patients (37% in both arms combined). Ramucirumab plus
paclitaxel conferred similar improvements in patients < 65
years and  65 years for OS (HRs, 0.753 [95% CI, 0.604 to
0.939] and 0.861 [95% CI, 0.636 to 1.165], respectively), PFS
(HRs, 0.572 [95% CI, 0.460 to 0.711] and 0.673 [95% CI, 0.506
to 0.894], respectively), and ORR (ramucirumab, 28% and
placebo, 14% vs. ramucirumab, 27% and placebo, 20%,
respectively) [29].
A phase II, multicenter, randomized, double-blind study
conducted in the United States investigated ramucirumab
plus FOLFOX versus placebo plus FOLFOX in the first-line
VOLUME 49 NUMBER 4 October 2017

857

858

CANCER RESEARCH AND TREATMENT

Phase III,
randomized,
double-blind,
placebocontrolled/
3rd-line
Phase II,
randomized,
double-blind,
placebocontrolled/
1st-line

Li et al [31]

Phase II,
single-arm/
1st-line
Phase II,
single-arm/
1st-line

Lee at al. [34]

Janjigian et al. [35]

Phase II,
randomized,
double-blind,
placebocontrolled/
1st-line

ThussPatience et al.
[33]

Koizumi et al.
[32]

Phase II,
randomized,
double-blind,
placebocontrolled/
3rd-line

Trial design/
Setting

Li et al. [30]

Author

36

66

87

93

267

144

No. of
patients

Pazopanib
+capecitabine/
oxaliplatin
Regorafenib
+FOLFOX

Pazopanib+5-FU/
leucovorin/
oxaliplatin vs.
placebo+5-FU/
leucovorin/
oxaliplatin

Orantinib+S-1/
cisplatin vs.
placebo+S-1/
cisplatin

Apatinib vs. placebo

Apatinib QD vs.
apatinib BID vs.
placebo

Treatment

PFS

ORR

PFS

PFS

OS
PFS

PFS

Primary
endpoint

NR

Orantinib+S-1/
cisplatin 497 days vs.
placebo+S-1/
cisplatin 464 days:
HR 0.74
95% CI 0.46-1.19
p=0.219
Pazopanib+5-FU/
leucovorin/
oxaliplatin 10.1 mo vs.
placebo+5-FU/
leucovorin/
oxaliplatin 7.0 mo:
HR 0.80
95% CI 0.44-1.48
10.5 mo
95% CI 8.1-12.9

Apatinib QD 4.8 mo vs.
apatinib BID 4.3 mo vs.
placebo 2.5 mo QD vs.
placebo:
HR 0.37
95% CI 0.22-0.62
p < 0.001
BID vs. placebo:
HR 0.41
95% CI 0.24-0.72
p=0.0017
Apatinib 6.5 mo vs.
placebo 4.7 mo:
HR 0.71
95% CI 0.54-0.94
p < 0.016

OS

17 of 36 patients
progression-free at
6 mo

Orantinib+S-1/
cisplatin 208 days vs.
placebo+S-1/
cisplatin 213 days:
HR 1.23
95% CI 0.74-2.05
p=0.424
Pazopanib+5-FU/
leucovorin/
oxaliplatin 5.1 mo vs.
placebo+5-FU/
leucovorin/
oxaliplatin 3.9 mo:
HR 0.93
95% CI 0.56-1.54
6.5 mo
95% CI 5.6-7.4

Apatinib QD 3.7 mo vs.
apatinib BID 3.2 mo vs.
placebo 1.4 mo
QD vs. placebo:
HR 0.18
95% CI 0.10-0.34
p < 0.001
BID vs. placebo:
HR 0.21
95% CI 0.11-0.38
p < 0.001
Apatinib 2.6 mo vs.
placebo 1.8 mo:
HR 0.44
95% CI 0.33-0.61
p < 0.001

PFS/TTP

ORR

PR rate 56%
95% CI 38-73

58%
95% CI 46.7-67.9

NR

Orantinib+S-1/
cisplatin 62% vs.
placebo+S-1/
cisplatin 57%
p=0.671

Apatinib 3% vs. placebo 0%

Apatinib QD 6% vs.
apatinib BID 13% vs.
placebo 0%

Table 3. Summary of efficacy in phase II and III studies of tyrosine kinase inhibitor in advanced gastric and gastroesophageal junction cancer
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Phase II,
single-arm/
2nd-line
Phase II,
single-arm/
2nd-line

Wu et al. [44]

25

52

107

78

Sunitinib

Sunitinib

Sunitinib
+docetaxel vs.
placebo
+docetaxel

Sunitinib

Sorafenib

34

Moehler et al.
[43]

Yi et al. [42]

Bang et al.
[41]

Sorafenib
+oxaliplatin

Sorafenib
+docetaxel/
cisplatin
Sorafenib
+capecitabine/
cisplatin vs.
placebo+
capecitabine/
cisplatin

Regorafenib vs.
placebo

Treatment

40

Phase II,
single-arm/
2nd-line
Phase 11,
single-arm/
2nd-line
Phase II,
single-arm/
2nd-line
Phase II,
randomized,
open-label/
2nd-line

Sun et al.
(ECOG 5203)
[37]
Kang et al.
(STARGATE)
[38]

Martin-Richard
et al.
(GEMCAD) [39]
Janjigian et al. [40]

No. of
patients

Phase II,
152
randomized,
double-blind,
placebocontrolled/
2nd- or 3rd-line
Phase II,
44
single-arm/
1st-line
Phase II,
195
randomized,
open-label/
1st-line

Trial design/
Setting

Pavlakis et al.
(INTEGRATE)
[36]

Author

Table 3. Continued

PFS

ORR

TTP

ORR

PFS

17 wk
95% CI 8.9-25.3

Sunitinib+docetaxel
8.0 mo vs.
placebo+docetaxel 6.6 mo:
HR 0.94
95% CI 0.60-1.49
p=0.802
5.8 mo
95% CI 3.48-12.32

6.8 mo
95% CI 4.4-9.6

9.7 mo
95% CI 5.9-11.6

Sorafenib+capecitabine/
cisplatin 11.7 mo vs.
placebo+capecitabine/
cisplatin 10.8 mo:
HR 0.93
95% CI 0.65-1.31
p=0.661
6.5 mo
95% CI 5.2-9.6

PFS

PFS

13.6 mo
90% CI 8.6-16.1

Regorafenib 5.8 mo vs.
placebo 4.5 mo:
HR 0.74
95% CI 0.51-1.08
p < 0.147

OS

ORR

PFS

Primary
endpoint

13 wk
95% CI 5.6-11.4

Sunitinib+docetaxel
3.9 mo vs.
placebo+docetaxel 2.6 mo:
HR 0.77
95% CI 0.52-1.16
p=0.206
1.3 mo
95% CI 1.18-1.90

2.3 mo
95% CI 1.6-2.6

3.6 mo
95% CI 1.8-3.9

Sorafenib+capecitabine/
cisplatin 5.6 mo vs.
placebo+capecitabine/
cisplatin 5.3 mo:
HR 0.92
95% CI 0.67-1.27
p=0.609
3.0 mo
95% CI 2.3-4.1

5.8 mo
90% CI 5.4-7.4

Regorafenib 2.6 mo vs.
placebo 0.9 mo:
HR 0.40
95% CI 0.28-0.59
p < 0.001

PFS/TTP

13%

4%

Sunitinib+docetaxel 41% vs.
placebo+docetaxel 14%:
p=0.002

PR rate 3%
SD rate 32%

NR

CR rate 3%
SD rate 47%

Sorafenib+capecitabine/
cisplatin 54% vs.
placebo+capecitabine/
cisplatin 52%:
p=0.826

PR rate 41%
90% CI 28.4-54.4

NR

ORR

Li-Tzong Chen, Anti-angiogenic Therapy in Gastric Cancer
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OS, overall survival (median); PFS, progression-free survival (median); TTP, time to progression (median); ORR, objective response rate; QD, once daily; BID, twice
daily; HR, hazard ratio; CI, confidence interval; 5-FU, 5-fluorouracil; FOLFOX, folinic acid, 5-fluorouracil, and oxaliplatin; NR, not reported; PR, partial response;
CR, complete response; SD, stable disease.

140 days
Median OS not reached
PFS
Telatinib
+capecitabine/
cisplatin
48
Phase II,
single-arm/
1st-line
Alsina et al.
[45]

Trial design/
Setting
Author

Table 3. Continued

No. of
patients

Treatment

Primary
endpoint

OS

PFS/TTP

67%

ORR
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setting in 168 patients with metastatic or locally advanced
esophageal, gastroesophageal junction, or gastric cancer [23],
and found no significant improvement in median PFS,
median OS and ORR (Table 2). However, there was a relatively high proportion of patients discontinued study treatment for reasons other than progressive disease. In exploratory analyses that censored PFS at treatment discontinuation
for non-progressive disease the HR for PFS favored ramucirumab plus FOLFOX (HR, 0.76; p=0.194), mainly in patients
with gastric or gastroesophageal junction cancer (median
PFS, 9.3 months vs. 7.6 months [HR, 0.53; 95% CI, 0.29 to 0.97;
p=0.036]). The most common grade  3 TEAEs were similar
for neutropenia (27% vs. 36%), fatigue (18% vs. 15%), and
neuropathy (9% vs. 11%). Grade  3 AESIs were uncommon,
except hypertension. This study failed to suggest a significant benefit of adding ramucirumab to chemotherapy in the
first-line setting. These negative results in the context of the
positive results of the REGARD and RAINBOW studies raise
questions about the impact of various factors on the efficacy
of anti-angiogenic agents that will have to be addressed in
future clinical trials, including line of treatment (first- vs. second-line), primary tumor location (esophageal vs. gastric or
gastroesophageal junction), and choice of chemotherapy
backbone. S5 Table lists the ongoing ramucirumab studies.
Based on the phase III REGARD and RAINBOW studies,
current consensus is that ramucirumab plus paclitaxel is a
new standard for the second-line treatment of patients with
advanced or metastatic gastric or gastroesophageal junction
cancer. Ramucirumab as a single agent in the second-line setting is acceptable when paclitaxel or irinotecan cannot be
indicated because of severe neutropenia in first-line chemotherapy, neuropathy, or patients’ wishes to avoid hair loss.
3. Efficacy and safety of tyrosine kinase inhibitor therapy
Tyrosine kinase inhibitors (TKIs) are able to enter cells and
interact with the intracellular domain of receptors and intracellular signaling molecules, thereby inhibiting the activation
of downstream signaling pathways. Phase II and III studies
of apatinib, axitinib, orantinib, pazopanib, regorafenib,
sorafenib, sunitinib, telatinib, and vandetanib are summarized in Table 3.
Apatinib is a novel receptor TKI selectively targeting
VEGFR-2 with a binding affinity greater than that of other
TKIs [6,46]. A phase II, randomized, double-blind, placebocontrolled, parallel-arm study investigated placebo versus
apatinib 850 mg once daily versus apatinib 425 mg twice
daily in the third-line setting in 144 Chinese patients with
metastatic or advanced gastric or gastroesophageal junction
cancer [30]. To our knowledge, this was the first study to
demonstrate improved OS and PFS for a TKI, and the first to
show improved median OS median PFS and ORR for both

Li-Tzong Chen, Anti-angiogenic Therapy in Gastric Cancer

doses in the third-line setting (Table 3). Grade 3-4 TEAEs that
occurred in greater than 10% of patients were hand-foot syndrome and hypertension; hematologic toxicities were mostly
moderate and grade 3-4 hematologic toxicities were rare.
A phase III, randomized, double-blind, placebo-controlled
study investigated apatinib 850 mg once daily versus placebo
in the third-line setting, and enrolled 267 patients with
advanced gastric cancer [31,47]. Median OS and PFS were
significantly improved in the apatinib group compared with
the placebo group (Table 3). The most common grade
3-4 TEAEs were hand-foot syndrome, proteinuria, and
hypertension. Several apatinib studies are currently underway (S5 Table).
Axitinib is a TKI of VEGFR-1, -2, and -3 [48] and has been
approved for advanced renal cell carcinoma after failure of
one prior systemic therapy. A phase I study investigated
axitinib in combination with capecitabine and cisplatin in the
first-line setting in 22 patients from Japan and Korea with
advanced gastric cancer [49]. Median PFS was 3.8 months,
and 36.4% of patients each had a PR or stable disease; median
response duration for patients with PR was 9.1 months.
TEAEs included grade 3-4 hypertension (36% of patients)
and decreased appetite and stomatitis (18% of patients for
each); grade 3-4 laboratory abnormalities included neutropenia (36% of patients) and thrombocytopenia (18% of patients).
Orantinib is a small molecule that competitively inhibits
the tyrosine kinase of the receptors for VEGF, basic fibroblast
growth factor, and platelet-derived growth factor. A phase
II, multicenter, randomized, controlled study investigated
orantinib plus S-1/cisplatin versus S-1/cisplatin in the firstline setting in 93 chemotherapy-naïve Japanese patients with
unresectable or recurrent advanced gastric cancer [32].
Analyses found no significant improvement in median OS,
median PFS, and ORR (Table 3). Changes in hemoglobin levels, changes in platelet levels (24% vs. 6%), and anorexia (18%
vs. 9%) were the most common grade  3 TEAEs with higher
incidence in the oratinib arm, neutropenia had a similar
incidence for both treatment groups (S4 Table).
Pazopanib is a TKI that selectively inhibits angiogenesis
via VEGFR-1, -2, -3, c-kit, and platelet-derived growth factor
receptor (PDGFR) [50] that is approved in advanced renal
cell cancer and advanced soft tissue sarcoma in patients who
have received prior chemotherapy. Two phase II studies of
pazopanib plus fluoropyrimidine and platinum combination
in the first-line setting in gastric cancer showed that median
OS ranged from 10.1 months to 10.5 months [33,34]. TEAEs
included grade  3 neutropenia (15%), anemia (11%), and
thrombocytopenia (11%) [34].
Regorafenib is a VEGFR-2, fibroblast growth factor receptor 2, and PDGFR small-molecule TKI that is approved in
metastatic colorectal cancer and in locally advanced, unre-

sectable or metastatic gastrointestinal stromal tumor.
A phase II study investigated regorafenib plus FOLFOX in
the first-line setting in 36 patients with unresectable or
metastatic gastroesophageal junction cancer [35]. A total of
17 of 36 patients were progression-free at 6 months. Another
phase II randomized, double-blind, placebo-controlled study
(INTEGRATE) investigated regorafenib versus placebo in the
second- or third-line setting in 152 patients with refractory
or advanced gastroesophageal junction cancer [36,51], and
showed significant improvement in median PFS (Table 3).
Ongoing studies of regorafenib are listed in S5 Table.
Sorafenib is a TKI with several targets, including Raf-1,
wild-type and mutant B-Raf, VEGFR-1, -2, and -3, PDGFR-,
and Mcl-1 [52]. Sorafenib is approved in hepatocellular carcinoma, renal cell carcinoma, and thyroid carcinoma.
A phase II, single-arm, open-label study (ECOG 5203)
investigated sorafenib with docetaxel and cisplatin in 44
chemotherapy-naïve patients with metastatic or advanced
gastroesophageal junction cancer and demonstrated a
median OS of 13.6 months [37]. A phase I dose-finding study
of sorafenib in combination with capecitabine and cisplatin
as a first-line treatment in 16 patients with advanced gastric
cancer demonstrated a median OS of 14.7 months [53].
A phase II, randomized, open-label study (STARGATE)
investigated sorafenib plus capecitabine and cisplatin versus
capecitabine and cisplatin in the first-line setting in 195
patients from Korea, China, and Taiwan with metastatic gastric cancer [38]. This study did not demonstrate improvement
in median, median, and ORR (Table 3). Of the 51 patients
who crossed over to sorafenib alone in the capecitabine and
cisplatin arm, there was no objective response and the
median PFS was 1.3 months (95% CI, 1.2 to 1.7). The most
common grade 3-4 TEAEs included neutropenia, febrile neutropenia, and palmar-plantar erythrodysesthesia syndrome
(S4 Table).
A phase II, multicenter, single-arm study in the secondline setting investigated sorafenib plus oxaliplatin in 40
patients with progressive gastric adenocarcinoma after fluoropyrimidine and cisplatin treatment [39]. Median OS and
PFS were 6.5 months and 3.0 months, respectively; the CR
rate was 2.5%, and 47.2% of patients achieved stable disease.
TEAEs included grade 3-4 asthenia (18%), neutropenia (10%),
and thrombocytopenia (8%). A phase II, single arm study
investigated sorafenib in 34 patients with advanced esophageal and gastroesophageal junction cancer in the second
line setting [40]. Median OS and PFS were 9.7 months and
3.6 months, respectively. The most common grade 3 TEAEs
included hand-foot reaction (12%) and fatigue (6%).
Sunitinib is a multi-targeted TKI of VEGFR-1, -2, and -3,
PDGFR- and -, and several other receptor tyrosine kinases
[54]. Sunitinib is approved for advanced renal cell carcinoma,
gastrointestinal stromal tumor, and pancreatic neuroenVOLUME 49 NUMBER 4 October 2017
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docrine tumors. Multiple phase II studies of sunitinib in gastric cancer in the second-line setting showed that median OS
ranged from 5.8 months to 8.0 months, and median PFS/TTP
ranged from 1.3 months to 3.9 months [41-43]. TEAEs
included grade  3 thrombocytopenia (35% of patients), neutropenia (29% of patients), and anemia (17% of patients) [41].
Wu et al. [44] reported a median PFS of 7 weeks and median
OS of 17 weeks in a single arm phase II studies conducted in
patients with relapsed/refractory oesophageal or gastrooesophageal cancer with anemia, thrombocytopenia, and
leukopenia reported as the most common TEAEs.
Telatinib is a TKI of the VEGFR family, PDGFR, and KIT
receptor tyrosine kinases. A phase II multicenter study
investigated telatinib in combination with capecitabine and
cisplatin in the first-line setting in 48 patients with advanced
gastric or gastroesophageal junction cancer [45]. Median OS
was not reached, and the most common toxicity was grade
1-2 fatigue.
Vandetanib is a TKI of VEGFR-2, VEGFR-3, EGFR, and
RET kinase [55] that is approved for thyroid cancer. A phase
I study investigated vandetanib plus oxaliplatin and docetaxel in the first-line setting in nine patients with advanced
gastric or gastroesophageal junction cancer and demonstrated a median OS of 5.5 months [56].
4. Quality of life
Patient-reported QoL for phase II and III studies of antiangiogenic agents are summarized in S6 Table. In the AVAGAST study, mean European Organisation for Research and
Treatment of Cancer Quality of Life Questionnaire C30
(EORTC QLQ-C30) global health status scores were similar
over time in both treatment groups [18]. In the REGARD
study, more patients in the ramucirumab group than in the
placebo group reported stable or improved EORTC QLQC30 global health status scores, although this difference was
not significant (p=0.23); however, median time to performance status deterioration was 5.1 months for ramucirumab
and 2.4 months for placebo (HR, 0.59; 95% CI, 0.41 to 0.83;
p=0.002) [21]. In the RAINBOW study, for all EORTC QLQC30 and EuroQoL five-dimension, three-level health status
questionnaire (EQ-5D-3L) parameters, and at all on-therapy
assessment times, the proportion of patients reporting
improved or stable scores from baseline to discontinuation
was numerically greater for the ramucirumab group [57]. In
the phase II, randomized, placebo-controlled, parallel-arm
study of apatinib, which investigated placebo versus apatinib
850 mg once daily versus apatinib 425 mg twice daily, there
were no significant differences in EORTC QLQ-C30 different
parameters between the three treatment groups over the
course of the treatment [30]. In the phase II open-label study
of sunitinib, EORTC QLQ-C30 global health status scores
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were mostly maintained by sunitinib treatment during the
first three cycles of the study, although the domains of diarrhea and reflux symptoms were noticeably worse compared
to baseline [41]. At patients’ last evaluation (end of treatment
or withdrawal from the study), noticeable deterioration was
observed in most scales and measures of the EORTC QLQC30 and the stomach cancer specific questionnaire (QLQSTO22) compared to the baseline, whereas the domains for
perceived financial difficulties, body image, and hair loss did
not change noticeably [41].
5. Biomarkers
Identification of tumors most sensitive to therapy could
improve therapeutic approaches and provide insight into
mechanisms of resistance and further refine anti-angiogenic
therapy [58-60]. In two phase II studies of bevacizumab, neuropilin-2 mRNA significantly inversely correlated with PFS
[17], while high VEGF-A correlated with longer OS and high
VEGFR-2 correlated with shorter PFS [61]. In the phase III
AVAGAST study, high VEGF-A (HR, 0.72; 95% CI, 0.57 to
0.93) and low neuropilin-1 (HR, 0.75; 95% CI, 0.59 to 0.97)
showed a trend for improved OS; however, these findings
were only found to be statistically significant in patients from
non-Asian regions [61]. A reassessment of VEGF-A as a candidate predictive biomarker for bevacizumab in 13 trials and
seven indications showed that VEGF-A level was not a
robust predictive biomarker for bevacizumab activity, and
that stratification of patients based on a single baseline measurement of VEGF-A is unlikely to be implemented in clinical
practice [62]. An assessment on the role of angiopoietin-2 as
a prognostic biomarker based on the AVAGAST study data
demonstrated that baseline angiopoietin-2 levels correlate
with liver metastasis across ethnic groups and that angiopoietin-2 may be a predictive biomarker for gastric cancer [63].
In the phase III REGARD study, analysis of biomarkers
showed that HER2; VEGFR-1, -2, -3; and VEGF-C, -D were
not markers for ramucirumab efficacy [64]. In multiple phase
II studies of sunitinib, tumor VEGF-C expression was associated with significantly shorter median PFS (1.23 months vs.
2.86 months, log-rank p=0.0119) [43], and high sKIT
(p=0.0081) and low VEGF-C (p=0.0326) were significantly
associated with clinical benefit [41]. Despite these initial
observations, there have been no confirmatory studies to
date.
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Discussion
Angiogenesis plays a key role in the development and progression of gastric and gastroesophageal junction cancer and
tumor vasculature enables malignant cells to escape from the
primary site and establish distant metastasis elsewhere.
Hence, agents that specifically target angiogenesis in gastric
cancer are desirable.
Preclinical studies indicate that inhibition of angiogenesis
signaling pathways may be an important therapeutic
approach. Few clinical trials using anti-angiogenic agents
have so far shown a significant survival benefit, possibly due
to disease heterogeneity, tumor microenvironment and the
complex relationship between tumors and their surrounding
vasculature and stroma, a lack of driver genes, and difficulties in identifying a reliable predictive biomarker.
Due to its increased expression in most human cancers and
association with increased tumor microvessel density and
poor prognosis, the VEGF pathway has been the leading target for antiangiogenic therapy. Several tumors are sensitive
to VEGF inhibitors; however, the degree of noted benefits in
clinical trials has been variable across tumor sites and the different VEGF inhibitors. The underlying molecular biology in
clear cell renal carcinoma, characterized by inactivation of
the von-Hippel Lindau gene which results in hypoxiainducible factor upregulation and VEGF induction, may
account for the high sensitivity of this tumor to anti-VEGF
therapy. Generally, however, the reasons of the differences
in sensitivity among tumor types and individual anti-VEGF
agents are difficult to explain [65]. Based on results of randomized studies, gastro-oesophageal cancer has been considered, together with colorectal cancer, glioma, breast
cancer and lung cancer, to be an antiangiogenic drug-sensitive cancer [65].
This systematic review of published literature found that
ramucirumab and apatinib are the only anti-angiogenic
agents that significantly improve survival of patients with
advanced gastric cancer. The published literature also indicates that anti-angiogenic agents are generally well tolerated,
and do not appear to impair QoL. No biomarkers of response
to anti-angiogenic agents were identified in the clinical setting, and no anti-angiogenic agent was found to have a survival benefit in the first-line setting, possibly due to differences in tumor biology and subsequent treatment between
the first- and second-line settings, or limitations of study
designs and patient selection.
While only a few individual clinical trials have shown a
significant survival benefit, a systematic review and metaanalysis of 22 randomized clinical trials with a total of 7,022
advanced gastric cancer patients demonstrated OS benefit
for anti-angiogenic agents (HR, 0.759; 95% CI, 0.655 to 0.880;

p < 0.001) [66]. Another systematic review and meta-analysis
found that addition of anti-angiogenic agents improved OS
in metastatic gastroesophageal junction cancer (HR, 0.80;
95% CI, 0.74 to 0.87; p < 0.00001) [67]. OS was not improved
in the first-line setting (HR, 0.91; 95% CI, 0.80 to 1.05) but was
improved in second- and third-line settings (HR, 0.74; 95%
CI, 0.66 to 0.82) [67]. These findings differ from the outcomes
of individual studies, possibly due to poor study design or
patient selection.
Geographic differences in gastric cancer are evident
between patients from Asian regions and patients from
Western regions with respect to prevalence, clinicopathologic
features, and preference in treatment patterns [1,68-72]. Subgroup analyses of individual studies have provided mixed
results on the benefit of anti-angiogenic agents in patients
from East Asia, which has approximately half of the total
world gastric cancer, and the highest estimated mortality
rates for gastric cancer [1]. The RAINBOW study showed
that the improvements in PFS and ORR in East Asian
patients were consistent with the improvements in non-East
Asian patients [22,28]. In support of this finding, a systematic
review and meta-analysis by Chan et al. [67] demonstrated
OS benefit for anti-angiogenic agents in the second-line setting for gastric cancer in all regions (Europe, Asia, and PanAmerica). In the AVAGAST study, Pan-American patients
showed a survival benefit whereas Asian patients had no
benefit, and European patients had intermediate results [18].
A higher proportion of patients in East Asia receive secondline or further-line therapy compared to the United States
and Europe, which may have contributed to the longer
median survival observed in phase III studies conducted in
East Asia [73-75]. In addition, a trend for regional differences
in the AVAGAST study were noted in PFS (Asia HR, 0.92;
Europe HR, 0.71; Pan-America HR, 0.65) [18], suggesting
potential differences in the benefits of bevacizumab for Asian
patients compared to European or Pan-American patients.
With the emergence of effective second or later lines of
therapy, there is increasing debate on the use of PFS as a surrogate endpoint for frontline systemic therapy in gastric cancer. For instance, AVAGAST would have been a positive
trial if PFS had been used as the endpoint rather than OS [18].
In an analysis of 36 randomized studies in advanced gastric
cancer, improvements in PFS/TTP strongly correlated with
improvements in OS [76]. A meta-analysis of 4,069 patients
in 20 randomized studies of gastric cancer showed the rank
correlation coefficient between PFS and OS was 0.853 (95%
CI, 0.852 to 0.854). Although the treatment effects on PFS and
OS were only moderately correlated, the validity of PFS as a
surrogate endpoint for OS in advanced/recurrent gastric
cancer could not be confirmed [77]. Therefore, the ongoing
phase III RAINFALL study of ramucirumab in combination
with capecitabine and cisplatin as first-line therapy in
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patients with gastric cancer selected PFS as the primary endpoint.
In addition to survival, QoL and quality-adjusted survival
should be fundamental therapeutic objectives for gastric cancer. The impact of treatment-related toxicity on QoL has been
scantly reported for patients with gastric cancer. A number
of barriers may hinder assessment of QoL; the evaluation of
QoL may not be accurately reflected by self-reported questionnaires, and disease deterioration may also lead to a low
compliance rate. Nonetheless, there is emerging evidence
that chemotherapy provides substantial improvement in
QoL for patients with gastric and gastroesophageal junction
cancer [78] as evident for ramucirumab [21,22,79].
Some preclinical evidence indicates that certain chemotherapy regimens, most notably taxanes, rapidly induce the
release of proangiogenic circulating endothelial progenitor
cells which can be abrogated by treatment with antiangiogenic agents [80]. As presented in this systematic review, a
number of phase II and III clinical trials have assessed antiangiogenic agents in combination with conventional chemotherapy in treating patients with advanced gastric cancer and
gastroesophageal junction adenocarcinoma. These trials
included the use of a fluoropyrimidine-platinum doublet
with or without a third chemotherapeutic drug in the firstline setting, and the use of taxanes or irinotecan as a chemotherapy backbone in the second-line setting. Given the
heterogeneity in patient profiles, study size, the various combinations and pharmacodynamics/pharmacokinetic properties of the chemotherapeutic agents, and the nature of
anti-angiogenic agents, we could not make any firm conclusions. Among trials that examined the use of taxanes (paclitaxel or docetaxel) as a chemotherapy partner with an antiangiogenic agent in advanced gastric cancer, RAINBOW
(paclitaxel plus ramucirumab as second-line therapy for
advanced gastric cancer) was the first and only study to
demonstrate survival benefits. Therefore, a chemotherapy
backbone does not appear to be the sole factor influencing
the efficacy of anti-angiogenic agents.
The awareness that crosstalk exists between angiogenic
and oncogenic signaling pathways has prompted the investigation of combinations of antiangiogenics with targeted
agents, in an attempt to improve clinical outcomes. The
addition of the anti-VEGF antibody bevacizumab or ramucirumab to the anti-HER2 antibody trastuzumab on top of
standard chemotherapy is being investigated in HER2-positive metastatic cancer patients (S5 Table). Also, the combination of antiangiogenic agents with immunotherapy is a relatively recent area of great interest. A synergistic antitumor
effect was demonstrated when the VEGFR-2 and PD-1 were
simultaneously blocked in a preclinical murine colon cancer
model [81]. Preclinical data also demonstrated that an anti–
VEGFR-2 antibody can reprogram the tumor microenviron-
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ment away from immunosuppression [82]. Following these
lines of investigations, two ongoing phase I studies explore
the combination of ramucirumab with the anti–PD-1 antibody pembrolizumab and with the anti–PD-L1 antibody
durvalumab (S5 Table) in cohorts of patients with different
tumor types including gastric/gastroesophageal junction
adenocarcinoma.
Predictive biomarkers for the clinical outcome of antiangiogenic agents have not been identified in the treatment
of gastric and gastroesophageal junction cancer. Nonetheless,
a retrospective analysis of biomarkers in AVAGAST showed
that plasma VEGF-A and tumor neuropilin-1 were promising biomarker candidates for predicting clinical outcome in
patients with advanced gastric cancer treated with bevacizumab [61]. Due to the lack of predictive biomarkers, the
current recommended study design for investigating antiangiogenic agents would be a conventional approach, that is
enrolling patients based on clinico-pathologic characteristics
coupled with prespecified analysis of biomarker defined subgroups, where the biomarker is chosen based on the biological rationale of the mechanism of action of the molecule.
Such a design would incorporate both all-comers and targetenriched designs. This would ensure an incorrect conclusion
that the drug is not effective does not occur. In addition, by
identifying molecular traits relevant to the action of the therapeutic agents, specific subgroups of patients can be identified and studied further.
A recent study conducted by the Asian Cancer Research
Group used gene expression data to describe four molecular
subtypes of gastric cancer linked to distinct patterns of
molecular alterations, disease progression, and prognosis
[83]. The subtypes were validated in independent cohorts
and are expected to guide future molecular screening and
therapeutic development in gastric cancer [83]. A number of
new innovative study designs, such as basket study or adaptive trial, are being developed using information gained from
high-throughput molecular profiling and may bring a new
revolution for drug development.
In studies of single agents, there is evidence to suggest that
the safety profiles of anti-angiogenic antibodies that target
the VEGF/VEGFR-2 differ from those that target multiple
receptor tyrosine kinases. The most frequent grade  3
TEAEs are summarized in S4 Table. Compared with antiangiogenic antibodies that target the VEGF/VEGFR-2 [18,19,
21,22], multi-target TKIs are generally associated with a
higher incidence of hematologic TEAEs, especially neutropenia, leukopenia, thrombocytopenia, elevations in liver
enzymes and hand-foot syndrome [30,37,39,41-43]. On the
other hand, the incidence of fatigue was relatively high with
ramucirumab and several of the multi-target TKIs [21,22,37,
41,43], with the exception of bevacizumab [18,19]. While the
toxicity profiles of ramucirumab and apatinib differ, neither
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appear to be better than the other in terms of toxicity [21,47].
One advantage of oral TKIs is that they have no risk of infusion-related reaction, although infusion-related reactions
appeared to be rare with ramucirumab [21,22]. Overall, these
data suggest that anti-angiogenic agents that specifically target the VEGF/VEGFR-2 will have a better safety profile than
the multi-target TKIs.
There are inherent limitations to this systematic review
that should be considered. During the study selection
process, three articles were identified outside of the original
search strategy for full manuscript review, which were
included in the final set of 189 articles; the identification of
articles from outside the original literature search suggests
some limitations in the search strategy. In addition, the current review was primarily descriptive, providing an overview of efficacy, safety, QoL, and biomarkers in the relevant
studies. Furthermore, by excluding articles written in languages other than English, it is possible our systematic
review missed some potential additional insights.
In conclusion, ramucirumab, either as monotherapy or in
combination with paclitaxel, and apatinib are the only antiangiogenic agents to significantly improve survival of
patients with previously treated advanced gastric cancer.

There are no predictive biomarkers for response of gastric
cancer to anti-angiogenic agents available for use in the clinical setting.
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Laminin Modulates the Stem Cell Population in LM05-E Murine Breast
Cancer Cells through the Activation of the MAPK/ERK Pathway

Purpose
We investigated the effects of laminin on the fraction of cells with self-renewing capacity in
the estrogen-dependent, tamoxifen-sensitive LM05-E breast cancer cell line. We also
determined whether laminin affected the response to tamoxifen.
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Materials and Methods
The LM05-E breast cancer cell line was used as a model for all experiments. Aldehyde dehydrogenase (ALDH) activity, clonogenic and mammosphere assays were performed to measure the effects of laminin on modulation of the stem cell subpopulation. Pluripotent gene
expression was analyzed by reverse transcriptase–polymerase chain reaction. The involvement of the mitogen-activated protein kinase (MAPK)/ERK pathway was determined using
specific inhibitors. The effects of laminin on the response to tamoxifen were determined and
the involvement of 6 integrin was investigated.
Results
We found that pretreatment with laminin leads to a decrease in cells with the ability to form
mammospheres that was accompanied by a decrease in ALDH activity. Moreover, exposure
of mammospheres to laminin reduced the capacity to form secondary mammospheres and
decreased the expression of Sox-2, Nanog, and Oct-4. We previously reported that 4-OHtamoxifen leads to an increase in the expression of these genes in LM05-E cells. Treatment
with signaling pathway inhibitors revealed that the MAPK/ERK pathway mediates the effects
of laminin. Finally, laminin induced tamoxifen resistance in LM05-E cells through 6 integrin.
Conclusion
Our results suggest that the final number of cells with self-renewing capacity in estrogendependent breast tumors may result from the combined effects of endocrine treatment
and microenvironmental cues.

Introduction
Seventy-five percent of women diagnosed with breast cancer have estrogen receptor (ER) and progesterone receptor–
positive breast tumors [1,2]. Tamoxifen, which is a selective
ER modulator, is the main 5-year adjuvant treatment for
these patients [3]. However, one third of tamoxifen treated
patients have recurrence within the first 15 years [4].
│ http://www.e-crt.org │

Key words
Laminin, Breast neoplasms, Estrogen receptor alpha, Stem cells,
MAP kinase signaling system

Tumors are complex organs composed of fibroblasts,
blood vessels, immune cells, extracellular matrix, and neoplastic cells [5]. Evidence suggests that both tumor progression and response to therapy are modulated by the tumor
microenvironment [6,7]. Indeed, several papers have implicated stromal signatures as predictors of response to therapy
in breast cancer [8,9]. Moreover, resistance to tamoxifen is
associated with the overexpression of an extracellular matrix
gene cluster [10,11]. We previously showed that fibronectin
Copyright ⓒ 2017 by the Korean Cancer Association
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confers tamoxifen resistance through interaction with 1
integrin [7].
There is consistent evidence suggesting that stem cells
drive the growth and spread of breast tumors [12]. Moreover,
several studies have shown that these cells are more resistant
to conventional and endocrine therapy [13,14]. However,
there is little evidence confirming the effects of the tumor
microenvironment on regulation of the stem cell compartment. A few studies have shown involvement of extracellular
matrix on the differentiation of embryonic stem cells in
endoderm induction [15,16]. However, to the best of our
knowledge, only one investigation of breast cancer has
shown that the extracellular matrix leads to an increase in
cells with stem cell properties [17].
We recently characterized the spontaneous M05 mouse
mammary tumor that arose in a BALB/c mouse in our animal facility, and showed that it is estrogen dependent and
tamoxifen sensitive in early passages, then progresses to
endocrine resistance [18]. From this tumor, we generated a
bicellular cell line, LM05-Mix, composed of both epithelial
and fibroblastic cells that were subsequently separated to
generate the epithelial LM05-E and fibroblastic LM05-F cell
lines, respectively [19]. In LM05-E cells, we demonstrated
that exposure to tamoxifen leads to an increase in cells with
mammosphere forming capacity, which is in agreement with
other studies [20,21].
The present study was conducted to further analyze regulation of the stem cell compartment in estrogen responsive
breast cancer cell lines. In particular, we explored the effects
of the extracellular matrix component laminin on LM05-E
cells. We also studied the effects of this protein on the proportion of cells with stem cell properties. Our results suggest
that for ER-positive breast cancer cells, exposure to the
extracellular matrix component laminin leads to a decrease
in cells with stem cell properties though the mitogen-activated protein kinase (MAPK)/ERK pathway, contrary to
what is observed in response to tamoxifen. We also found
that laminin produces resistance to tamoxifen induced cell
death through 6 integrin. These findings suggest that, for
ER-positive breast tumors, laminin modulates the final proportion of stem cells and the response to endocrine treatments such as tamoxifen.

Materials and Methods
1. Cell culture
The LM05-E cell lines were routinely maintained in growth
medium consisting of Dulbecco's modified Eagle's medium
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(DMEM)/F12 (Sigma-Aldrich, St. Louis, MO) supplemented
with 10% fetal calf serum (FCS; GenSA, Buenos Aires,
Argentina) and gentamicin in a humidified 5% CO2/air
atmosphere. Serial passages were conducted by treatment of
80% confluent monolayers with 0.25% trypsin (Invitrogen,
Carlsbad, CA) and 0.02% EDTA in Ca2+-free and Mg2+-free
phosphate buffered saline (PBS).
2. Cell treatments
To evaluate the effects of laminin, 500,000 cells were plated
in 60 mm culture plates in growth medium. The next day,
cells were washed twice with PBS and then treated in phenol
red free DMEM/F12 with 1% charcoal stripped FCS (chsFCS)
and 17--estradiol (Sigma-Aldrich) at a final concentration of
10 nM. To test the role of laminin (Upstate Biotechnology,
Lake Placid, NY), it was added at a final concentration of 2
µg/mL, after which samples were incubated for 48 hours.
Mouse laminin purified from the Engelbreth Holm Swarm
mouse tumor was used for all experiments. The laminin concentration was based on previous reports by other authors
working with breast cancer cells [22] and our own preliminary observations. The following specific inhibitors were
used during analyses: MAPK pathway inhibitor PD98059
(10 µM, Calbiochem, Darmstadt, Germany), phosphoinositide 3-kinase (PI3K)/AKT pathway inhibitor LY294002
(10 µM, Calbiochem). At least 1,000 stock solutions of the
inhibitors were prepared in dimethyl sulfoxide (DMSO), and
the equivalent dilutions of DMSO were used as controls. A
30-minute pretreatment with the inhibitors was conducted
in each case before the 48-hour treatment.
We previously showed that treatment of LM05-E cells with
4-OH-tamoxifen leads to cell death based on a terminal
deoxynucleotidyl transferase dUTP nick end labeling assay
(In Situ Cell Death Detection Kit, Flourescein, Roche Applied
Science, Bromma, Sweden) or propidium iodide (PI) exclusion [7,19] in growth medium; therefore, the same protocol
was used in this paper. Briefly, 35,000 cells were plated in
eight well LabTek chamber slides (Nunc, Thermo Fisher Scientific, Roskilde, Denmark) in growth medium. The next
day, samples were washed twice with phenol red free
DMEM/F12, after which they were treated in the same culture medium supplemented with 1% chsFCS. 17--Estradiol
(Sigma-Aldrich) was used at a final concentration of 10 nM,
while 4-OH-tamoxifen (Sigma-Aldrich) was applied at 1 µM,
as previously described [7]. Laminin (2 µg/mL) or bovine
serum albumin (as a control) were also added at the time of
treatment. To determine the involvement of 6 integrin, cells
were pre-incubated for 15 minutes with the GoH3 monoclonal antibody (0.15 µg/mL, Santa Cruz Biotechnology
[Santa Cruz, CA], purchased as azide and endotoxin free
reagent) or with control pre-immune IgG (Santa Cruz
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Biotechnology, purchased as azide and endotoxin free
reagent) before being plated in the chamber slides. The same
procedure was used for the AIIB2 1 integrin blocking antibody (0.15 µg/mL, Aragen Bioscience, Morgan Hill, CA) as
previously described [7]. Antibodies were added to the culture medium when the treatments were started. After 48
hours of treatment, slides were washed with PBS, and cells
were incubated for 1 minute in a PI solution (50 µg/mL in
PBS, Sigma-Aldrich), washed in PBS, and fixed with 4% formalin in PBS for 10 minutes. Nuclei were counterstained
with 4,6-diamino-2-phenylindole (DAPI, Research Organics
Inc., Cleveland, OH), after which slides were mounted with
Vectashield (Vector Laboratories, Burlingame, CA). Experiments were conducted in triplicate, and 10 random fields
with an average of 200 cells/field were counted per well. The
percentage of PI-positive cells relative to the total number of
cells (stained with DAPI) was calculated as a measure of cell
death and expressed as % dead cells, as previously described
[7]. Images were taken using a Nikon TE2000S (Tokyo,
Japan) inverted fluorescent microscope and counted using
the Image Pro Plus software (MediaCybernetics Inc., Silver
Spring, MD).
3. Mammosphere assays
Single cell suspensions derived from the LM05-E cell line
were plated in 6-well low attachment suspension culture
plates (Greiner Bio-One, Koln, Germany) or 2% agarose
coated plates (for LM05-E cells) at a density of 10,000 viable
cells/mL. Cells were grown in 2 mL serum-free media supplemented with B27 (Gemini Bioproducts, West Sacramento,
CA) and 20 ng/mL epidermal growth factor as previously
described [14]. Mammospheres were counted after 5-8 days
in culture using a Nikon Eclipse TE2000-S inverted microscope. To dissociate mammospheres to obtain single cell suspensions, spheres were centrifuged and resuspended in 100
µL of 0.25% trypsin and 0.53 mM EDTA, then incubated for
5-10 minutes at 37ºC. Serum was added to stop the reaction,
after which it was subjected to gentle pipetting and centrifugation. Finally, cells were resuspended in medium.
4. Aldehyde dehydrogenase activity
The Aldefluor kit (Stem Cell Technologies, Vancouver,
Canada) was used to determine the percentage of aldehyde
dehydrogenase (ALDH)–positive cells in the LM05-E cell line
according to the manufacturer's instructions. Green fluorescence, which is produced as a result of ALDH activity, was
analyzed by fluorescence-activated cell sorting analysis
(PASIII, PARTEC, Munich, Germany).

5. Clonogenic assays
Single cell suspensions derived from the LM05-E cell line
were plated in 24-well culture plates at a density of 200
cells/well. Cells were grown in 0.5 mL of growth medium
for 7 days, after which the wells were washed and cells were
fixed with methanol: acetic acid (3:1 v/v) and then stained
with crystal violet. Colonies of at least eight cells were
counted using a binocular microscope.
6. Reverse transcriptase–polymerase chain reaction
RNA from subconfluent monolayers or from mammosphere cultures was prepared using TRIzol Reagent (Invitrogen Life Technologies). cDNA was prepared using an iScript
cDNA synthesis kit (BioRad, Richmond, CA). PCR products
were obtained using the mouse primers Nanog, Sox2, and
Oct4 previously published by Zhang et al. [23].
7. Western blot
Subconfluent monolayers or mammosphere derived cells
were pretreated with laminin for different lengths of time,
after which cells were washed twice with ice-cold PBS,
scraped with a Teflon scraper and finally lysed with 1% Triton X-100 in PBS. After protein determination, samples were
denatured by boiling in sample buffer with 5% -mercaptoethanol and then run in 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis, with 50 µg of protein loaded
into each lane. Gels were subsequently blotted to Hybond-P
membranes and incubated for 1 hour in blocking buffer containing 5% skim milk and 0.1% Tween-20 in PBS with p-ERK
antibody (E-4: sc-7383, Santa Cruz BD, Dallas, TX), ERK1/2
antibody (MK1: sc-135900, Santa Cruz BD), or 6 integrin
antibody (N-19: sc-6597, Santa Cruz BD) overnight at 4°C,
followed by 1 hour of incubation with a secondary antibody
coupled to horseradish peroxidase. Samples were then subjected to chemiluminescence analysis, after which bands
were digitalized with a Photo/Analyst Express System
(Fotodyne Inc., Hartland, WI) and signal intensity was quantified with the Gel-Pro Analyzer software (Media Cybernetics, Rockville, MD).
8. Statistical analysis
Significant differences among assays were identified by the
Student’s t test or one or two way ANOVA, followed by Bonferroni’s comparisons test. A value of p < 0.05 was considered significant.
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Fig. 1. Laminin leads to a reduction in cells with mammosphere forming capacity and a decreased proportion of aldehyde
dehydrogenase (ALDH)–positive cells. (A) LM05-E cells were treated for 48 hours in Dulbecco's modified Eagle's medium
(DMEM)/F12 medium with 1% charcoal stripped fetal calf serum (chsFCS) and 10 nM estradiol supplemented with vehicle
(control) or 2 µg/mL laminin (LN). Cells were then trypsinized, washed and plated on non-adherent 6-well plates at a density
of 10,000 cells/mL in mammosphere medium as explained in the “Materials and Methods.” The graphs show the number
of mammospheres/10,000 cells after 6 days. A representative mammosphere is shown on the right. A significant reduction
in mammosphere forming capacity was observed. (B) LM05-E cells were initially treated as in panel A, then maintained in
growth medium (GM) for 1 month before conducting the mammosphere assays, as shown in the diagram above the graph.
Even after 1 month in culture, a significant decrease in mammosphere forming capacity was observed for both cell lines.
(C) Representative analysis of flow cytometries of cells treated (left) or untreated cells (right) with the ALDH inhibitor DEAB.
Region 2 (R2) indicates cells that are considered positive in this assay. (Continued to the next page)

Results
1. Laminin reduces the proportion of cells with stem cell
properties
The LM05-E breast cancer cell line is ER-positive and sensitive to tamoxifen [19]. We have previously shown that this
cell line can form mammospheres and that this capacity is
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increased by tamoxifen [14]. In this study, the effects of
laminin on the proportion of cells with stem cell properties
were analyzed. To accomplish this, adherent cells were cultured in DMEM/F12 with 1% chsFCS and estradiol 10 nM
supplemented with 2 µg/mL laminin or vehicle for 48 hours,
after which the mammosphere-forming efficiency was
assessed. After 48 hours, treatment was interrupted and cells
were seeded into nonadherent plates under mammosphere
forming conditions. As shown in Fig. 1A, laminin reduced
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Fig. 1. (Continued from the previous page) (D) LM05-E cells were treated for 48 hours in DMEM/F12 with 1% chsFCS and 10
nM estradiol supplemented with vehicle (control) or 2 µg/mL LN. Cells were then trypsinized, washed and stained using
the Aldefluor Kit (Stem Cell Technologies), after which they were analyzed by flow cytometry. Tubes without DEAB are
shown and cells within region 2 are considered positive. (E) Quantification of the ALDH-positive cells is shown. One of at
least three experiments is shown in each case (**p < 0.01, ***p < 0.001).

60
Colonies per 200 cells

the mammosphere forming efficiency of LM05-E cells. Moreover, after treatment, cells were washed and then maintained
under normal culture conditions for 1 month, at which time
the mammosphere forming efficiency was assessed. The
results observed after the additional month of culture were
the same as those observed after the first 48-hour treatment,
indicating that the effects of the initial treatment were sustained (Fig. 1B). No morphological changes were observed
in the cells.
ALDH1 is a marker of stem cells [24]. To investigate the
effects of laminin on the proportion of ALDH-positive cells,
LM05-E cells were treated with laminin as explained above
(for 48 hours on plastic), after which cells were processed as
described in the materials and methods. Fig. 1C shows the
representative flow cytometries of control cells to define the
ALDH-positive cell regions. Fig. 1D shows the representative
flow cytometries of cells treated with laminin and Fig. 1E displays the quantification of three independent experiments.
The results indicate that laminin reduces the proportion of
ALDH-positive cells, reinforcing the previous findings.

40

20

0

Control

LN

Fig. 2. Laminin (LN) reduces the clonogenic efficiency of
mammospheres. Ten-day-old LM05-E mammospheres of
LM05-E cells were treated for 48 hours with 2 µg/mL LN
or vehicle (control). Mammospheres were then dissociated
and single cells were seeded at a concentration of 200 cells
per well in 24-well plates in growth medium. Colonies of
at least eight cells were counted after 7 days of culture.
One of at least three experiments is shown (*p < 0.05).

2. Laminin reduces the clonogenic efficiency of LM05-E
mammospheres
We showed that laminin reduced the proportion of cells
with stem cell properties. Next, the effects of laminin on the
clonogenic efficiency of LM05-E mammospheres were studied. To accomplish this, mammospheres were cultured for

10 days, then supplemented with laminin (2 µg/mL) or
vehicle. Forty-eight hours later, mammospheres were disaggregated and seeded to study the clonogenic efficiency. As
shown in Fig. 2, there was a significant decrease in the clonogenic efficiency of cells derived from mammospheres treated
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Fig. 3. Laminin (LN) induces differentiation of cells with stem cells properties. (A) Ten-day-old LM05-E mammospheres
were supplemented for 48 hours with vehicle (control) or 2 µg/mL LN, then dissociated and seeded at a concentration of
10,000 cells per well in 6-well low attachment culture plates under mammosphere forming conditions. The number of mammospheres was quantified after 6 days. (B) LM05-E cells were pretreated with Dulbecco’s modified Eagle’s medium/F12,
1% charcoal stripped fetal calf serum supplemented with 10 nM estradiol and 1 µM 4-OH-tamoxifen or vehicle (control) for
5 days. Subsequently, cells were washed and cultured in growth medium for 1 week, after which they were treated with
vehicle (control) or 2 µg/mL LN for 48 hours. Finally, RNA was extracted to investigate the gene expression of Nanog, Sox
2, Oct-4, and glyceraldehyde 3-phosphate dehydrogenase (GADPH) using reverse transcriptase–polymerase chain reaction.
Treatment with LN led to a decrease in the expression levels of genes associated with self-renewal. One of at least three
experiments is shown for each case (**p < 0.01).

with laminin relative to the controls, suggesting that
microenvironmental factors lead to cell differentiation and a
reduction in the number of cells with stem cell properties.
3. Laminin induces differentiation of cells with stem cell
properties
Considering that there is a reduction in the clonogenic
potential of cells derived from mammospheres after treatment with laminin, we investigated whether these proteins
induce cell differentiation. To accomplish this, mammospheres were treated with laminin as described above. Following treatment, mammospheres were disaggregated and
seeded under mammosphere forming conditions and the
number of secondary mammospheres was determined. As
shown in Fig. 3A, for LM05-E, this matrix element reduced
the number of secondary mammospheres, indicating that
mammospheres contained less cells with self-renewing
capacity after treatment. We next assessed if treatment with
laminin modulated the expression of genes involved in stem
cell self-renewal. We previously showed that a 5-day treatment with 4-OH-tamoxifen led to enrichment in cells with
stem cell properties in the LM05-E cell line, as well as an
increase in self renewal-associated gene expression [14]. In
this context, we tested whether laminin could regulate the
expression of genes associated with self-renewal after expo-
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sure to 4-OH-tamoxifen. To accomplish this, LM05-E cells
were plated in cell culture dishes and treated with 4-OHtamoxifen for 5 days as previously described [14]. Cells were
then washed and cultured in growth medium for one week.
The adherent cells were subsequently treated as described
above for 48 hours with laminin or vehicle, after which the
RNA was extracted. The gene expression study revealed that
laminin reduced Nanog, Sox2, and Oct-4 expression after
tamoxifen treatment (Fig. 3B).
4. The MAPK/ERK pathway mediates the effects of
laminin over the stem cell population
As shown above, laminin induced differentiation and
reduced the proportion of cells with stem cell properties. We
next proceeded to determine if either the PI3K/AKT or
MAPK/ERK pathways were involved in this effect. To do so,
LM05-E cells were subjected to a 30 minute pre-treatment
with LY294002 (PI3K/AKT inhibitor) or PD98059 (MEK
inhibitor). Next, laminin or vehicle was added to the cultures
for 48 hours, after which mammosphere assays were conducted. As shown in Fig. 4A, treatment with the PI3K/AKT
pathway inhibitor alone had an effect on LM05-E cells, indicating that cells with stem cell properties are dependent on
this pathway. Fig. 4B shows that PD98059 inhibited the
reduction in the number of mammospheres induced by the
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Fig. 4. The mitogen-activated protein kinase/ERK pathway mediates the effects of laminin (LN). (A) LM05-E cells were pretreated with 10 µM PD98059 (PD), 10 µM LY294002 (LY), or vehicle (control) for 48 hours, after which mammosphere-forming
capacity was assessed. (B) LM05-E cells were pre-treated with 10 µM PD98059 (PD) or vehicle (control) for 30 minutes followed by 2 µg/mL LN for 48 hours, after which the mammosphere-forming capacity was analyzed. (C) LM05-E cells were
treated with 2 µg/mL LN for 5, 10, 15, and 30 minutes. Whole cell lysates were then prepared from treated LM05-E cells,
resolved in 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis and blotted with p-ERK and ERK antibodies.
Activation of the ERK1/2 pathway was detected by LN treatment. One of at least three experiments is shown in each case
(*p < 0.05, **p < 0.01).

microenvironmental factor laminin in the LM05-E cell line.
Western blot analysis of cells treated with laminin showed
that this extracellular matrix component activates the MAPK/
ERK pathway in this cell line, as expected (Fig. 4C). These
results indicate that the MAPK/ERK signaling pathway
mediates the effects of laminin over the stem cell population
in this ER-positive breast cancer cell line.
5. Laminin induces tamoxifen resistance in LM05-E cells
through 6 integrin
We previously showed that fibronectin confers tamoxifen
resistance to LM05-E cells through 1 integrin [7]. Based on
the effects of laminin on the stem cells population of the
LM05-E line observed herein, we investigated whether
laminin conferred tamoxifen resistance as well. To explore
this possibility, cells were treated with 4-OH-tamoxifen for

48 hours in the presence of laminin (2 µg/mL). We found no
increase in cell death under these conditions (Fig. 5A). To
determine if the protective effects of laminin were mediated
by 6 integrin, a well-established laminin receptor, western
blot analysis of the protein extracts was conducted to confirm
the expression of this specific integrin (Fig. 5B). Next, LM05E cells were pre-incubated with the GoH3 6 integrin blocking antibody, then seeded on laminin. Treatment with GoH3
dramatically reduced the protective effects of laminin on
tamoxifen-induced cell death (Fig. 5C). Interestingly, AIIB2,
a 1 integrin blocking antibody previously shown to revert
fibronectin’s protective effect [7], did not affect laminininduced endocrine resistance (Fig. 5D). Thus, our results
show that, like fibronectin, laminin is able to induce tamoxifen resistance in LM05-E cells, and that in this case, 6 integrin mediates the protective effect.
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Fig. 5. Laminin (LN) induces tamoxifen resistance in LM05-E cells through integrin 6. (A) LM05-E cells were treated with
4-OH-tamoxifen (TAM) in the presence of laminin (2 µg/mL) for 48 hours, after which cell death was measured as described
in the “Materials and Methods.” (B) Whole cell lysates were prepared from LM05-E cells, resolved in 10% sodium dodecyl
sulfate polyacrylamide gel electrophoresis and blotted with 6 integrin antibody. (C) LM05-E cells were treated with TAM
for 48 hours in the absence or presence of LN (2 µg/mL) and/or the GoH3 6 integrin blocking antibody, after which the
percentage of dead cells was determined. (D) LM05-E cells were treated for 48 hours with TAM in the absence or presence
of LN (2 µg/mL) and/or the AIIB2 1 integrin blocking antibody and the percentage of dead cells was determined. One of
at least three experiments is shown in each case (**p < 0.01, ***p < 0.001).

Discussion
In this study, we demonstrated that the microenvironmental factor laminin reduces the proportion of cells capable of
forming mammospheres or with high ALDH1 activity
through the MAPK/ERK pathway, while also inducing
tamoxifen resistance through 6 integrin. It has been previ-
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ously determined that cells capable of forming mammospheres have stem cell properties [25], and that ALDH1 is a
marker of normal and malignant breast cancer stem cells [24].
Based on these findings, we conclude that laminin reduces
the proportion of cells with stem cell properties in the murine
LM05-E cell line. Furthermore, we showed that these effects
were abolished if an inhibitor of the MAPK/ERK pathways
was used, indicating the involvement of this pathway in the

Damián E. Berardi, Laminin Modulates Breast Cancer Stem Cells by MAPK

previously described effect. We also demonstrated that treatment with laminin reduces the clonogenic potential of cells
obtained from mammospheres and their capacity to form
secondary mammospheres. Taken together, these results
indicate that the number of cells with stem cells properties
is diminished after treatment. Based on these findings, we
assessed whether laminin was inducing differentiation by
studying the expression of genes related to self-renewal. We
previously showed that treatment of LM05-E cells with
4-OH-tamoxifen leads to an increase in the expression of
genes associated with self-renewal and mammosphere forming capacity [14]. Therefore, we tested whether this effect
could be counteracted by laminin. We found that this was
the case, suggesting that the final number of stem cells in
tamoxifen responsive breast cancer may result from the combined effects of treatment and the context.
To the best of our knowledge, only one other study has
investigated the effects of extracellular matrix elements and
cells with stem cell properties in breast cancer. Specifically,
Saha et al. [17] studied the effects of laminin on neoplastic
mouse mammary H605 cells. They found that microenvironmental elements led to an increase in the proportion of cells
with stem cell properties using similar experimental
approaches. The fact that these results are opposed to ours
may be due to differences in experimental models. Specifically, H605 cells were obtained from primary cultures of a
tumor derived from a 6-month-old Her2/neu-transgenic
mouse [17]. However, similar results to ours have been
reported in the context of extracellular matrix and stem cells
during development. For example, Taylor-Weiner et al. [15]
showed that laminin-111 is necessary for endoderm differentiation of embryonic stem cells. Moreover, other authors
showed that 1 integrin, which is the main receptor for
extracellular matrix components, is also necessary for definitive endoderm differentiation [16]. Additionally, Prowse et
al. [26] demonstrated that the MAPK/ERK and Rho-ROCK
pathways are involved in signaling of extracellular matrix
elements in embryonic stem cells. Other authors have
reported that integrins and extracellular matrix elements are
involved in the self-renewal, proliferation [27] and differentiation [28] of embryonic stem cells.
We previously showed that the extracellular matrix component fibronectin induces tamoxifen resistance in LM05-E
cells [7]. In the present study, we demonstrated that laminin
is able to induce endocrine resistance. In addition, we showed
that tamoxifen treatment selects for cells with stem cell properties, leading to sustained enrichment of these cells in the
LM05-E cell line [14]. Here, we show that cell lines with a
high proportion of cells with stem cell properties after tamoxifen treatment respond to laminin by reducing this cell population, demonstrating the increased complexity of the
relationship between cells and the microenvironment. Inter-

estingly, we found that the effects of laminin are sustained
over time, as indicated by cells exposed to laminin for 48
hours and then cultured in its absence for one month retaining a reduced number of mammosphere forming cells.
Laminin has previously been shown to induce epigenetic
changes in breast cancer cells [29,30]. Thus, in the context of
our results we hypothesize that a mechanism of this type
could be involved. Moreover, the effects of laminin on ER-
expression levels in the context of breast cancer stem cells
have not been analyzed in this paper. Others have previously
shown that laminin-1 increases the expression levels of ER-
in functionally normal primary mouse mammary epithelial
cells [31]. Laminin induces differentiation of cells with stem
cell properties, but also stimulates tamoxifen resistance.
However, it remains to be determined if the reduction in the
proportion of cells with stem cell properties induced by
laminin modulates tamoxifen resistance in the LM05-E cell
line or if it is an independent effect.
Our results suggest that the final number of cells with selfrenewing capacity in estrogen dependent breast tumors may
result from the combined effect of endocrine treatment and
microenvironmental cues. Further studies may reveal how
strategies geared toward modulating the microenvironment
may potentiate endocrine treatment in breast cancer and
avoid enrichment in cells with stem cell properties.
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Purpose
The optimal adjuvant therapy modality for treating pN2 non-small cell lung cancer patients
has not yet been established. In this study, the authors investigated clinical outcomes following three different adjuvant therapy modalities.
Materials and Methods
From January 2006 to December 2012, 240 patients with cN0/1 disease were found to
have pN2 disease following curative resection and received one of three adjuvant therapy
modalities: thoracic radiation therapy (TRT) and concurrent chemotherapy (CTx) (CCRT) (group
I), CCRT plus consolidation CTx (group II), and CTx alone (group III). TRT was delivered to 155
patients (groups I/II), and full dose CTx was delivered to 172 patients either as a consolidative
or a sole modality (group II/III).
Results
During 30 months of median follow-up, 44 patients died and 141 developed recurrence.
The 5-year overall survival (OS), locoregional control (LRC), distant metastasis-free survival
(DMFS), and disease-free survival (DFS) rates of all patients were 76.2%, 80.7%, 36.4%,
and 29.6%, respectively. There was no difference in OS among groups. TRT (groups I/II) significantly improved LRC, full dose CTx (groups II/III) did DMFS, and CCRT plus consolidation
CTx (group II) did DFS, respectively.
Conclusion
The current study could support that TRT could improve LRC and full dose CTx could improve
DMFS and that CCRT plus consolidation CTx could improve DFS.
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Non-small cell lung carcinoma, Radiotherapy,
Adjuvant chemotherapy
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Introduction
Surgery is the first option considered for treating patients
with clinical N0/1 stage non-small cell lung cancer (NSCLC).
Following surgical resection, adjuvant therapy is recommended for patients with the risk factors of recurrence
and/or metastasis based on the surgical and pathological
findings. Theoretically, the addition of thoracic radiation
therapy (TRT) is expected to reduce locoregional control
(LRC) and thereby improve overall survival (OS). Although
a few randomized trials have shown improved LRC in
response to the addition of TRT, they all failed to show OS
benefit because most recurrences either occurred outside the
radiation therapy (RT) volume or were distant metastases
[1-3]. Although the survival benefit was achievable by adjuvant chemotherapy (CTx) in patients with pathologic II-III
stage [4,5], the rate of loco-regional (LR) failure was 20%-40%
if patients had pathological N2 (pN2) disease [6]. In 2005, the
PORT Meta-analysis Trialist Group reported that the role of
TRT was not clear in pN2 patients and that TRT was even
detrimental to early stage patients [7]. Old RT techniques
were presumed to have caused the excess intercurrent
deaths. However, it was hypothesized that modern TRT
techniques might improve both LRC and OS in pN2 patients
who also received CTx based on meta-analysis [8]. Several
studies have shown that adjuvant CTx concurrently delivered with TRT (CCRT) could provide promising clinical outcomes at tolerable toxicity levels [9-12].
The optimal adjuvant therapy modality for treating pN2
NSCLC patients has not yet been established. However, at
our institute, although adjuvant CCRT has mainly been rec-

ommended to pN2 patients since 2005, the adjuvant therapy
modalities actually delivered were not the same considering
the patients’ general status and preference following surgery.
Therefore, in the present study, the authors investigated the
clinical outcomes following three different adjuvant therapy
modalities.

Materials and Methods
1. Patients and initial evaluations
The current study was approved by the Institutional
Review Board of Samsung Medical Center (2014-10-137-002)
and the authors retrieved the data of 248 consecutive NSCLC
patients who underwent curative resection for cN0-1 disease
from January 2006 through December 2012 and were found
to have pN2 disease according to the seventh American Joint
Committee on Cancer (AJCC) staging system. The pretreatment evaluations for diagnostic confirmation and clinical
stage assignment included complete history and physical
examination, complete blood counts and blood chemistry
profiles, pulmonary function tests, simple X-ray, computed
tomography (CT) of the chest and upper abdomen, and bronchoscopy with washing cytology and/or biopsy. Wholebody 18F-fluorodeoxyglucose positron emission tomography
with CT (PET-CT) was taken in 236 patients (98.3%). Magnetic resonance (MR) image of the brain was recommended
if the patients had adenocarcinoma histology or large tumors
during the early study period. Brain MR was performed in

cN0-1/pN2 NSCLC patients following
surgical resection (n=248)

CCRT alone
(group I, n=68)

CCRT+CTx
(group II, n=87)

TRT
(n=155)

CTx alone
(group III, n=85)

Other combinations
(excluded, n=8)

Full dose CTx
(n=172)

Fig. 1. Adjuvant therapy modalities actually assigned following surgical resection for patients having cN0-1 stage that
turned out to have pN2 stage. NSCLC, non-small cell lung cancer; CCRT, concurrent chemotherapy; CTx, chemotherapy;
TRT, thoracic radiation therapy.
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Fig. 2. Number of patients in groups I-III along time
frame.

205 patients (85.4%) and histopathological evaluation of
mediastinal lymphatics was conducted in 105 patients
(43.8%) (mediastinoscopic biopsy in 85 patients [35.4%],
endobronchial ultrasound-guided transbronchial needle
aspiration in 10 patients [4.2%] and by both procedures in
10 patients [4.2%]).

The general consensus of a multidisciplinary lung cancer
team at the authors’ institute was to recommend adjuvant
CCRT to medically fit patients. The actual assignment of
adjuvant therapy modality, however, was modified on an
individual basis following interviews with the patients and
their family members while considering their postoperative
general performance status, cardio-pulmonary functional
reserve and the patients’ personal preferences (likes and dislikes) regarding specific modalities. After excluding eight
patients (3.2%) who were treated with infrequently used
combinations of CTx and TRT, 240 patients received one of
three adjuvant therapy modalities: CCRT in 68 patients
(group I); CCRT plus consolidation CTx in 87 patients (group
II); and CTx alone in 85 patients (group III) (Fig. 1). The number of patients in group I gradually increased during recent
years, while those in groups II and III decreased (Fig. 2). TRT
and concurrent CTx, either followed by consolidation full
dose CTx or not, was delivered to 155 patients (groups I/II,
64.6%), and full dose CTx, either as consolidation CTx or CTx
alone, was delivered to 172 patients as a consolidative or a
sole modality (group II/III, 71.7%) (Fig. 1).
3. Chemotherapy
The CTx regimens actually delivered are summarized in
Table 1. Basically, CTx regimens were selected by responsible
medical oncologists and almost all patients received platinum-based regimens. During the TRT course, the vast

Table 1. Chemotherapy regimen
Regimen
Concurrent chemotherapy
Weekly cisplatin (20-25 mg/m2)
Weekly cisplatin (20-25 mg/m2)
+paclitaxel (50 mg/m2) or docetaxel (20-25 mg/m2)
Quadri-weekly cisplatin (70 mg/m2)
+etoposide (100 mg/m2)
Consolidation chemotherapy
Tri-weekly cisplatin (75 mg/m2)+vinorelbine (25 mg/m2)
Tri-weekly cisplatin (80 mg/m2)+paclitaxel (175 mg/m2)
Others
Chemotherapy alone
Tri-weekly cycles of carboplatin (AUC 5.0-5.5)
+paclitaxel (175 mg/m2)
Tri-weekly cycles of cisplatin (75-80 mg/m2)
+vinorelbine (25 mg/m2)

Values are presented as number (%). AUC, area under the curve.
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Planned cycle

Group I

Group II

Group III

5
5

16 (23.5)
48 (70.6)

61 (70.1)
25 (28.7)

-

2

4 (5.9)

1 (1.2)

-

3
3
-

-

58 (66.7)
26 (29.9)
3 (3.4)

-

4

-

-

48 (56.5)

4

-

-

37 (43.5)

Hyojung Park, Adjuvant Radiation and Chemotherapy in Lung Cancer

Table 2. Patient characteristics according to treatment modalities (n=240)
Characteristic
Age (yr)
Sex
Female
Male
Performance status
ECOG 0
ECOG 1
Clinical N stage
cN0
cN1
Clinical T stage
cT1
cT2
cT3
cT4
Surgery
Lobectomy
Pneumonectomy
Histology
Adenocarcinoma
Squamous
Other
Pathologic T stage
pT1
pT2
pT3
No. of pN2
Single
Multiple
Station of pN2
Single station
Multi-station
Resection margin
Negative
Close
Positive
Follow-up (mo)

Total
(n=240)

Group I
(CCRT, n=68)

Group II
(CCRT+CTx, n=87)

Group III
(CTx, n=85)

60 (35-78)

58 (35-75)

58 (36-75)

63 (42-78)

0.022

91 (37.9)
149 (62.1)

26 (38.2)
42 (61.8)

35 (40.2)
52 (59.8)

30 (35.3)
55 (64.7)

0.799

151 (62.9)
89 (37.1)

41 (60.3)
27 (39.7)

57 (65.5)
30 (34.5)

53 (62.4)
32 (37.6)

0.793

155 (64.6)
85 (35.4)

41 (60.3)
27 (39.7)

55 (63.2)
32 (36.8)

59 (69.4)
26 (30.6)

0.476

95 (39.6)
126 (52.5)
17 (7.1)
2 (0.8)

27 (39.7)
36 (52.9)
5 (7.4)
-

37 (42.5)
42 (48.3)
8 (9.2)
-

31 (36.5)
48 (56.5)
4 (4.7)
2 (2.3)

0.442

224 (93.3)
16 (6.7)

63 (92.6)
5 (7.4)

83 (95.4)
4 (4.6)

78 (91.8)
7 (8.2)

0.611

165 (68.8)
53 (22.1)
22 (9.1)

45 (66.2)
16 (23.5)
7 (10.3)

59 (67.8)
20 (23.0)
8 (9.2)

61 (71.8)
17 (20.0)
7 (8.2)

0.960

74 (30.8)
130 (54.2)
36 (15.0)

15 (22.1)
38 (55.8)
15 (22.1)

34 (39.1)
41 (47.1)
12 (13.8)

25 (29.4)
51 (60.0)
9 (10.6)

0.075

130 (54.2)
110 (45.8)

37 (54.4)
31 (45.6)

42 (48.3)
45 (51.7)

51 (60.0)
34 (40.0)

0.304

189 (78.8)
51 (21.2)

51 (75.0)
17 (25.0)

65 (74.7)
22 (25.3)

73 (85.9)
12 (14.1)

0.135

227 (94.6)
9 (3.7)
4 (1.7)
30 (5-93)

64 (94.1)
3 (4.4)
1 (1.5)
36 (5-92)

81 (93.1)
4 (4.6)
2 (2.3)
30 (6-91)

82 (96.5)
2 (2.3)
1 (1.2)
26 (5-93)

0.896

p-value

0.070

Values are presented as number (%) or median (range). CCRT, concurrent chemotherapy; CTx, chemotherapy; ECOG, Eastern
Cooperative Oncology Group.

majority of patients (96.8%) received five weekly cisplatin
treatments, and cisplatin alone was preferred in group II
(70.1%), while cisplatin doublets were preferred in group I
(70.6%). The numbers of planned full dose CTx cycles in
groups II/III were 3 and 4, respectively. The CTx dose intensity was generally lower in group I patients than in other
groups and in previous adjuvant CCRT studies [9-11,13]. The

addition of consolidation CTx following CCRT was initially
planned for the patients who received cisplatin monotherapy
during TRT in groups I and II. However, 16 patients in group
I did not receive consolidation CTx, mainly because of worsened performance status and subsequent patients’ refusal of
further CTx.
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4. Thoracic radiation therapy
The target volume of TRT included the pathologically
involved mediastinal lymphatic station(s) with the adequate
upward and downward margins, which typically included
the immediately adjacent lymph node stations. However,
supraclavicular lymphatics were not electively included
within the target volume. The ipsilateral hilar lymphatics
and/or the bronchial stump were optionally included if risk
factors of extracapsular extension of the hilar node(s) and/or
positive or close (< 5 mm) bronchial resection margin were
associated. All patients were treated by 3-dimensional conformal RT technique using 6 or 10 MV photons generated by
a linear accelerator. The planned TRT dose was 50 Gy in 25
fractions directed to the target volume, with a small volume
boost radiation of 10 Gy in five fractions optionally added if
less than R0 resection (positive resection margin) was performed.
5. Surveillance and statistical analysis
During and after the adjuvant therapy course, adverse
events were evaluated according to the National Cancer
Institute Common Terminology Criteria for Adverse Events
(CTCAE) ver. 3.0. Regular follow-up evaluations were scheduled following completion of planned adjuvant therapy,
which comprised a physical examination, blood tests, chest
CT scan, and/or PET-CT at 3 months’ interval for the first 2
years and at 6 months’ interval thereafter. The LR recurrence
was defined as relapse within the TRT target volume and/or
the regional lymphatics within the mediastinum, while distant metastasis was considered a relapse outside LR recurrence including supraclavicular metastasis, pleural seeding
and hematogenous metastases.
The survival durations were calculated from the date of
surgery until the date of event (death or relapse) or the date
of the latest follow-up. The rates of OS, LRC, distant metas-

tasis-free survival (DMFS), and disease-free survival (DFS)
were calculated using the Kaplan-Meier method, and comparisons between subgroups were conducted using the logrank test. Cox proportional hazard regression analysis was
used to determine the independent prognostic factors. Statistical analysis was performed using the SPSS ver. 21.0 (IBM
Corp., Armonk, NY).

Results
1. Patient characteristics
The characteristics of the patients according to adjuvant
therapy modalities are summarized in Table 2. The median
age of all patients was 60 years (range, 35 to 78 years), with
group III patients being significantly older than group I and
II patients (63 years vs. 58 years vs. 58 years, respectively;
p=0.022). About two-thirds of all patients had cN0 stage
(64.6%) and the vast majority had cT1-2 stage (92.1%). Over
two-thirds of the patients had adenocarcinoma histology in
165 patients (68.8%), followed by squamous cell carcinoma
in 53 patients (22.1%). Following surgery, 130 patients
(54.2%) had single mediastinal lymph node involvement and
110 (45.8%) had multiple mediastinal node involvement,
while 189 (78.8%) had single station involvement and 51
(21.2%) had multi-station involvement.
There were no significant differences in the characteristics
of patients who received TRT (groups I/II) and those who
did not (group III). Patients who received full dose CTx
(groups II/III) had pT1 disease more frequently than those
who did not (group I), without significance (p=0.062). Otherwise, there were no significant differences between the
patients who received full dose CTx (groups II/III) and those
who did not (group I).

Table 3. Acute toxicities
Grade 3-4 adverse effect

Total
(n=240)

Group I
(n=68)

Group II
(n=87)

Group III
(n=85)

Hematologic
Non-hematologic
Nausea/Vomiting
Peripheral neuropathy
Pneumonitis
Esophagitis

61 (25.4)
9 (3.8)
1 (0.4)
1 (0.4)
2 (0.8)
5 (2.1)

9 (13.2)
5 (7.4)
1 (1.5)
4 (5.9)

31 (35.6)
4 (4.6)
1 (1.1)
1 (1.1)
1 (1.1)
1 (1.1)

21 (24.7)
0(
-

Values are presented as number (%).
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p-value
0.006
0.052
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A

60
40
Total
Group I
Group II
Group III

20
0

0

12

24

No. at risk
Group I
Group II
Group III

68
87
85

61
82
79

46
57
51

3-Yr
80.2
70.9
88.0
80.2

5-Yr
76.2
68.2
82.3
76.4

p=0.096

36
48
Time (mo)

60

25
22
15

20
13
7

35
38
27

Distant metastasis-free survival (%)

84

3
3
3

11
5
4

Total
Group I
Group II
Group III

3-Yr
45.2
32.2
46.6
57.0

5-Yr
36.4
21.2
43.9
47.3

p=0.002

60
40
20
0

0

12

24

No. at risk
68
87
85

46
74
68

30
40
32

36
48
Time (mo)

60

11
15
11

8
9
4

19
22
20

40
Total
Group I
Group II
Group III

20

Group I
Group II
Group III

C

80

60

72

p < 0.001

24

36
48
Time (mo)

60

72

84

68
87
85

62
81
69

48
54
38

32
35
21

23
22
11

18
14
5

9
5
2

3
4
0

D

100
Total
Group I
Group II
Group III

80

Group I
Group II
Group III

3-Yr
38.1
30.5
42.8
39.7

5-Yr
29.6
19.3
40.3
27.9

p=0.046

60
40
20
0

84

1
2
1

5-Yr
80.7
85.2
92.1
63.9

12

0

12

24

36
48
Time (mo)

60

72

84

68
87
85

47
71
60

28
39
25

17
21
16

10
15
7

7
8
3

4
3
1

0
0
0

No. at risk
5
3
2

3-Yr
83.4
88.4
92.1
70.3

0

No. at risk

100

Group I
Group II
Group III

72

80

0

Disease-free survival (%)

Overall survival (%)

80

B

100
Locoregional control rate (%)

100

Fig. 3. Treatment outcomes. Overall survival (A), locoregional control (B), distant metastasis-free survival (C), and diseasefree survival (D).

2. Toxicity and compliance to treatment
Grade 3 or higher hematologic toxicities were observed in
61 patients (25.4%), being more frequent in patients who
received full dose CTx (13.2% vs. 35.6% vs. 24.7%, p=0.006)
(Table 3). Grade 3 or higher non-hematologic toxicities were
observed in nine patients (3.8%), esophagitis in five (2.1%),

pneumonitis in two (0.8%), nausea/vomiting in one (0.4%),
and peripheral neuropathy in one (0.4%). Compliance to TRT
and weekly CTx was excellent, with 97.4% of the groups I/II
patients being able to complete the planned CCRT. The
median total TRT dose actually delivered was 50 Gy (44-54
Gy), and there were four patients who received less than 50
Gy. Specifically, three received 48 Gy because of patient perVOLUME 49 NUMBER 4 October 2017
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0.244

0.023

0.066

< 0.001

0.011

0.014

0.650

0.026

0.171

< 0.001

0.141

0.873

81.6
72.9
79.4
70.5
82.5
67.9
79.6
70.4
77.2
59.8
76.4
75.8
68.4
79.9
77.9
72.0
81.6
43.3
79.7
71.6
76.5
74.4

Uni

77.7
74.5

5-Yr OS (%)

0.492

0.049

< 0.001

0.480

0.087

0.520

0.276

0.746

0.238

0.579

0.052

0.387

Multi

79.3
87.1

81.8
79.9

81.0
72.3

79.8
82.7

85.2
78.4

63.9
88.8

81.2
75.0

79.1
84.4

81.6
79.9

84.0
74.9

80.5
81.3

76.5
85.8

5-Yr LRC (%)

0.624

0.487

0.919

0.901

0.171

< 0.001

0.116

0.786

0.466

0.170

0.452

0.304

Uni

0.566

0.074

0.512

0.395

0.412

< 0.001

0.117

0.914

0.758

0.054

0.575

0.038

Multi

38.2
0

46.3
19.7

40.0
15.7

27.9
52.0

21.2
45.9

47.3
32.1

34.2
40.6

34.1
40.0

34.9
38.4

35.3
37.3

24.2
43.0

28.7
45.5

0.005

0.005

0.002

0.069

0.015

0.095

0.212

0.178

0.919

0.385

0.344

0.072

5-Yr DMFS (%) Uni

0.449

0.161

0.005

0.010

0.007

0.958

0.243

0.183

0.071

0.295

0.621

0.226

Multi

34.5
0

36.8
17.9

32.3
15.1

20.8
45.7

19.3
35.5

27.9
29.7

29.8
31.3

27.0
34.3

27.9
31.7

27.4
31.7

20.5
35.2

21.5
39.1

5-Yr DFS (%)

0.033

0.006

< 0.001

0.083

0.017

0.707

0.068

0.244

0.018

0.205

0.812

0.055

Uni

0.682

0.057

0.011

0.006

0.011

0.061

0.094

0.783

0.118

0.218

0.303

0.064

Multi

OS, overall survival; LRC, locoregional control; DMFS, distant metastasis-free survival; DFS, disease-free survival; ECOG, Eastern Cooperative Oncology Group
RT, radiation therapy; CTx, chemotherapy.

Age (yr)
 60 (n=126)
> 60 (n=114)
Sex
Female (n=91)
Male (n=149)
Performance status
ECOG 0 (n=151)
ECOG 1 (n=89)
Clinical stage
I (n=137)
II, III (n=103)
Clinical N stage
cN0 (n=155)
cN1 (n=85)
Surgery
Lobectomy (n=224)
Pneumonectomy (n=16)
Thoracic RT
No (group III) (n=85)
Yes (groups I/II) (n=155)
Full dose CTx
No (group I) (n=68)
Yes (groups II/III) (n=172)
Histology
Adenocarcinoma (n=165)
Other (n=75)
Pathologic T stage
pT1/2 (n=204)
pT3 (n=36)
No. of pN2
Single (n=130)
Multiple (n=110)
Level of pN2
Single (n=189)
Multiple (n=51)

Characteristic

Table 4. Prognostic factors by multivariate analysis
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sonal reasons, while one received 44 Gy because of worsened
performance status. A total of 38 patients (15.8%) (four [5.9%]
in group I, 20 [23.0%] in group II, and 14 [16.5%] in group III)
could not complete the planned CTx, mainly due to grade 3
or 4 hematologic toxicities.

vs. 15.7%, p=0.005), addition of full dose CTx (45.9% vs.
21.2%, p=0.015), and non-adenocarcinoma histology (52.0%
vs. 27.9%, p=0.010) in DMFS; and pT1/2 stage (32.3% vs.
15.1%, p=0.011), addition of full dose CTx (35.5% vs. 19.3%,
p=0.011) and non-adenocarcinoma histology (45.7% vs.
20.8%, p=0.006) in DFS.

3. Clinical outcomes
During a median of 30 months follow-up (rage, 5 to 93
months), 44 patients died and 141 developed any type of
recurrence, with LR recurrence occurring in 35 and distant
metastasis in 124. The 3- and 5-year OS rates of all patients
were 80.2% and 76.2%, respectively, and there were no significant differences among groups (68.2% vs. 82.3% vs.
76.4%, p=0.096) (Fig. 3A). The most common sites of LR
recurrence were the regional lymph nodes in 29 patients
(12.1%) and the bronchial stump in 10 patients (4.2%). The
lung was the most common metastatic organ in 36 patients
(15.0%), followed by bone in 30 (12.5%) and the brain in 26
(10.8%). The 3- and 5-year LRC rates of all patients were
83.4% and 80.7%, respectively, and patients who received
TRT (groups I/II) had significantly better 5-year LRC rates
than those who did not (group III) (85.2% vs. 92.1% vs. 63.9%,
p < 0.001) (Fig. 3B). The 3- and 5-year DMFS rates of all
patients were 45.2% and 36.4%, respectively, and those who
received full dose CTx (groups II/III) had significantly better
5-year DMFS than those who did not (group I) (21.2% vs.
43.9% vs. 47.3%, p=0.002) (Fig. 3C). The 3- and 5-year DFS
rates of all patients were 38.1% and 29.6%, respectively, and
the patients who received CCRT plus consolidation CTx
(group II) had significantly better 5-year DFS rates than the
others (groups I/III) (19.3% vs. 40.3% vs. 27.9%, p=0.046)
(Fig. 3D).
4. Prognostic factors
The clinical outcomes were calculated according to 12
potential prognostic variables and were compared by univariate analyses: five presurgical factors of age ( 60 years
vs. > 60 years), sex (female vs. male), performance status
(Eastern Cooperative Oncology Group 0 vs. 1), clinical stage
(I vs. II/III), and cN stage (cN0 vs. cN1); three treatmentrelated factors of type of surgery (lobectomy vs. pneumonectomy), TRT (no vs. yes), and full dose CTx (no vs. yes); and
four postsurgical factors of histologic type (adenocarcinoma
vs. others), pT stage (pT1-2 vs. pT3), number of involved N2
nodes (single vs. multiple), and involved N2 stations (single
station vs. multi-station) (Table 4). Several significantly
favorable factors were identified by multi-variate analyses:
pT1/2 stage (81.6% vs. 43.3%, p < 0.001) and single pN2
involvement (79.7% vs. 71.6%, p=0.049) in OS; addition of
TRT (88.8% vs. 63.9%, p < 0.001) in LRC; pT1-2 stage (40.0%

Discussion
Based on the high incidence of distant metastasis, it has
been well accepted that systemic CTx should be added following surgery for patients with pN2 NSCLC, and OS benefit in response to adding CTx has been confirmed through a
few large phase III trials and meta-analysis [7,14-17]. However, adjuvant CTx alone appears insufficient with respect to
LRC. The role of TRT following surgery used to be questioned because of the absence of OS benefit and its potential
detrimental effects [7]. However, subgroup analysis of the
Adjuvant Vinorelbine International Trialist Association
(ANITA) study revealed that the addition of TRT following
CTx could improve both OS and LRC in pN2 patients,
regardless of adjuvant CTx, when the decision regarding
adding TRT was not randomized, but instead left to the discretion of the participating institutions [14,18]. In addition to
the results of a Surveillance, Epidemiology, and End Results
Database review and meta-analysis [8,19], a recent National
Cancer Database review concluded that modern TRT following CTx could confer an additional OS advantage beyond
that achieved with adjuvant CTx alone in pN2 patients following resection and CTx [20]. One European multicenter
randomized study, the Lung Adjuvnat Radiotherapy trial
(Lung ART), which is currently ongoing and randomizes
completely resected pN2 patients either to adjuvant TRT or
to observation with or without adjuvant CTx is expected to
further clarify the role of TRT [21].
Optimal adjuvant therapy strategy and sequence in clinically unforeseen pN2 patients has not yet been clearly
defined. However, a few studies have investigated the efficacy of TRT that was delivered concurrently with CTx. Two
phase II studies reported favorable OS with tolerable toxicity
profiles in response to CCRT plus consolidation CTx [9,10].
In both of these studies, the first two cycles of doublet CTx
regimens, among a total of four cycles, were concurrently
delivered during TRT course. In 2000, the Eastern Cooperative Oncology Group (ECOG) reported the outcomes of a
phase III study that compared TRT alone and CCRT plus
consolidation CTx in pathologic II/IIIA stage patients [13].
CCRT plus consolidation CTx improved neither LRC nor OS
when compared to TRT alone in the ECOG trial. In 2014,
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another Chinese phase III study compared CTx alone and
CCRT plus consolidation CTx in pathologic stage IIIA-N2
patients [11]. When compared with CTx alone, CCRT plus
consolidation CTx could decrease the rates of local relapse
(34/69 vs. 18/66, p=0.009) and distant metastasis (45/69 vs.
32/66, p=0.050). The 5-year OS rate also was improved in
CCRT plus consolidation CTx group but without significance
(27.5% vs. 37.9%, p=0.073).
The authors were able to compare the clinical outcomes
following three different adjuvant therapy modalities though
the current study: CCRT alone; CCRT and full dose CTx; and
full dose CTx alone. The authors were able to achieve a
5-year OS rate of 76.2%, which seemed outstandingly favorable when compared with other studies. However, the 5-year
DMFS was 36.4%, which was rather unsatisfactory. This
could likely be explained by the fact that over two-thirds of
all patients (68.8%) had adenocarcinoma histology. Excellent
and significantly higher LRC rates were achieved in groups
I/II, in which TRT was employed (85.2% vs. 92.1% vs. 63.9%,
p < 0.001). These findings are consistent with those of previous studies, and the current study could strongly support the
role of TRT in improving LRC. Moreover, control of systemic
metastasis was significantly improved by full dose CTx in
groups II/III (21.2% vs. 43.9% vs. 47.3%, p=0.002). The current and previous studies used similar CTx regimens of platinum and taxane doublets. The significantly lower DMFS
observed in group I could be explained by lower CTx dose
intensity in this group. Conversely, group II patients who
received CCRT plus full dose CTx could achieve the most
favorable outcomes in LRC, DFS, and OS. This could be
interpreted as higher CTx dose intensity leading to improved
disease control within the thorax and in distant organs. The
favorable OS rate even with frequent occurrences of systemic
metastasis could partly be explained by the availability of
effective systemic treatment regimens, including the target
agents. In the current study, we also found a high rate of distant failure and poor survival rates in patients with advanced
pT stage and/or multiple lymph node involvement. Accordingly, further additional efforts to overcome these unfavorable factors may be warranted.
It should be noted that this study had several limitations.
First, the current study must have had an inadvertent selection bias. Actually, there were more patients (though not significant) with pT3 in group I and multi-station N2 involvement in group II than in the other groups, and the patients
in good performance status naturally tended to receive more
CTx cycles in groups II/III. Second, there was great heterogeneity in patient enrollment along the time frame (Fig. 2).
Specifically, 80% of the group II/III patients and less than
half of the group I patients were enrolled after 2009. Third,
the proportion of the patients having adenocarcinoma histology appeared to be greater in the current study than in
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previous investigations. This may have resulted in a relatively high incidence of distant metastasis, and the effect of
improved LRC by TRT may have been weakened accordingly. Although the authors attempted to control the problem of unequal distributions of important prognostic
variables among groups, the current study likely suffered
from its retrospective nature. Despite these limitations, the
current study has a few strengths: namely, a large number
of patients were included; a rigorous pretreatment staging
evaluation was performed; most patients underwent meticulous lymph node dissection; and homogeneity was
endorsed in the participating physicians and the treatment
strategy over a long period of time at a large-volume tertiary
institute. Despite the selection bias, the current study supported the facts that TRT could improve LRC, that full dose
CTx could improve DMFS and that CCRT plus consolidation
CTx could improve DFS with tolerable toxicities. The benefit
by CCRT plus consolidation CTx was even greater in patients
with good performance status. CCRT plus consolidation CTx
could reduce the total duration of postoperative treatment
course when compared to sequential CTx and TRT, which is
regarded as the current standard. Optimal target delineation
may further reduce the toxicity of CCRT. However, further
larger scale prospective clinical trials with longer follow-up
periods should be conducted.
Based on the current observation on patients with pN2 disease following curative resection for having apparently cN01 disease, addition of TRT could improve LRC, addition of
full dose CTx could improve DMFS and addition of CCRT
plus consolidation CTx could improve DFS.
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Purpose
The current TNM staging system for papillary thyroid cancer (PTC), which is based on tumor
diameter, may not precisely reflect the true tumor burden. Therefore, we investigated
whether preoperative tumor volume might more accurately reflect tumor burden and predict
prognosis in patients with T1N0 PTC than preoperative tumor diameter.
Materials and Methods
We retrospectively reviewed data from 1,659 patients with T1N0 PTC, and after exclusion, a
total of 1,081 patients were ultimately included. Tumor volume (V) was calculated for all
patients using preoperative ultrasonography, and patients were grouped according to tumor
diameter (T1a vs. T1b) and tumor volume (V1a vs. V1b). The recurrence-free survival (RFS)
rates were then compared for these groups.
Results
The mean follow-up time was 66.12±28.75 months, and 97.2% of the cohort experienced
RFS. The optimal volume cut-off was defined as 0.545 cm3. There were no differences in
RFS rates between T1a/T1b groups (all ages) and V1a/V1b groups (< 45 years of age).
However,  45-year-old patients in the V1b group had a significantly poorer RFS rate than
those in the V1a group. These results were confirmed by multivariate analysis.
Conclusion
Our results indicate that preoperative tumor volume may be more useful for predicting prognosis than tumor diameter in  45-year-old patients with T1N0 PTC.

Introduction
Papillary thyroid cancer (PTC) is the most common histological subtype of thyroid carcinoma, accounting for > 80%
of all thyroid malignancies [1-4]. Improvements in diagnostic
modalities (including ultrasonography) have led to a recent
and rapid increase in the detection of PTC, especially nonsymptomatic, node-negative, early-stage PTC [5-8]. As
defined by the current American Joint Committee on Cancer
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(AJCC) TNM staging system, T1 PTCs have a diameter of
 2 cm [9]. They are further subclassified as T1a ( 1 cm) or
T1b (> 1 cm but  2 cm), which can influence a patient’s treatment plan. Moreover, the 2015 revision of the American Thyroid Association guidelines permits active surveillance
instead of immediate surgery in select patients with an
intrathyroid tumor diameter of  1 cm [10].
Although tumor diameter is widely used as the standard
for treatment planning, it may not precisely reflect the true
tumor burden because tumors do not always have a spheri-
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Materials and Methods
1. Patients, follow-up, and measurements
This study’s retrospective design was approved by the
Institutional Review Board of St. Vincent’s Hospital. We retrospectively reviewed data from 2,585 patients who were
diagnosed with thyroid cancer and treated at St. Vincent’s
Hospital between February 1982 and December 2012. All
patients were treated by total thyroidectomy or lobectomy
with isthmectomy, and central lymph node dissection was
performed when lymph node metastasis was suspected during the preoperative evaluation. The postoperative pathological reports confirmed that all patients had tumor-free
margins. Thyroid-stimulating hormone suppression therapy
was administered during the follow-up period, and nonstimulated serum thyroglobulin measurements and neck
ultrasonography (with or without neck and chest computed
tomography) were routinely performed every 6-12 months.
Among the eligible patients, we identified 1,659 patients
with T1N0 PTC. However, to create a homogenous study
population, we excluded patients with aggressive histological variants (solid, insular, columnar, tall cell, or diffuse sclerosing), lymphovascular invasion, multifocal malignancies,
extrathyroidal extension, or capsular invasion, as well as
those who had received postoperative radioactive iodine
therapy. We also excluded patients who had a cystic tumor
portion or poorly defined margins to ensure that the tumor
volume could be accurately calculated. Thus, 1,081 patients
were selected for inclusion in this study.
All 1,081 patients had undergone preoperative ultrasonography to examine the thyroid tumor. Three experienced
radiologists, each with more than 5 years of thyroid ultrasound experience, had evaluated the tumor’s dimensions
(using transverse and sagittal orthogonal scans) and cervical
lymph node status. The recorded dimensions were transverse length (T), longitudinal length (L), and depth (D),

which allowed us to calculate the tumor’s volume (V) using
the ellipsoid formula (V=T [cm]L [cm]D [cm]/6).
2. Statistical analysis
The clinicopathological variables that we evaluated
included age at diagnosis, sex, surgery type, histological subtype, and tumor location. All patients were categorized
according to tumor diameter as T1a ( 1 cm) or T1b (> 1 cm
but  2 cm). We next performed receiver operating characteristic (ROC) curve analysis to estimate the optimal cut-off
tumor volume for predicting recurrence. Based on the result
of the ROC analysis, we also categorized the patients according to tumor volume as V1a or V1b. To validate the results
of the ROC analysis, an internal validation was performed
using the 1,000 bootstrap resampling method.
The primary outcome of interest in the study was recurrence-free survival (RFS). RFS was defined as the period
between the date of the initial surgery and the first instance
of contralateral lobe, locoregional (the operative bed, trachea,
strap muscle, or cervical lymph nodes), or distant recurrence
or the last follow-up. The presence of a contralateral lobe or
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cal shape. For example, tumors that are relatively long and
narrow would have a lesser tumor volume and burden than
those with a diameter equal to that of cylindrical tumors.
Ultrasonography has shown that PTCs are typically long and
narrow. Therefore, we investigated whether tumor volume
would more accurately reflect tumor burden, resulting in
more accurate prognosis, compared with tumor diameter. To
accomplish this, prognostic values of preoperative tumor
volumes were assessed and compared to those of the conventional staging system based on tumor diameter in
patients with T1N0 PTC.
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Fig. 1. Receiver operating characteristic (ROC) curve
analysis to estimate the optimal cut-off tumor volume for
predicting recurrence.
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Table 1. Baseline patient characteristics
Characteristic
Tumor size (cm)
Mean±SD
Sex
Female
Male
Age (yr)
Mean±SD
< 45
 45
Surgery
Lobectomy+isthmectomy
Total thyroidectomy
Histological subtype
Classic
Follicular variant
Location
Right
Left
Isthmus
CLND
Performed
Not performed

Tumor diameter
T1a

T1b

Tumor volume
p-value

V1a

V1b

0.69±0.24

1.50±0.25

808 (88.6)
104 (11.4)

148 (87.6)
21 (12.4)

48.14±10.49
351 (38.5)
561 (61.5)

48.15±12.03
70 (41.4)
99 (58.6)

p-value

0.64±0.19

1.38±0.27

734 (89.2)
89 (10.8)

222 (86.0)
36 (14.0)

48.00±10.50
325 (39.5)
498 (60.5)

48.58±11.47
96 (37.2)
162 (62.8)

590 (71.7)
233 (28.3)

115 (44.6)
143 (55.4)

< 0.001

635 (69.6)
277 (30.4)

70 (41.4)
99 (58.6)

< 0.001

776 (94.3)
47 (5.7)

238 (92.2)
20 (7.8)

0.235

857 (94.0)
55 (6.0)

157 (92.9)
12 (7.1)

0.596

439 (53.3)
363 (44.1)
21 (2.6)

139 (53.9)
105 (40.7)
14 (5.4)

0.062

485 (53.2)
404 (44.3)
23 (2.5)

93 (55.0)
64 (37.9)
12 (7.1)

0.005

466 (56.6)
357 (43.4)

147 (57.0)
111 (43.0)

0.920

514 (56.4)
398 (43.6)

99 (58.6)
70 (41.4)

0.593

0.169

0.512

0.703

0.473

Values are presented as number (%) unless otherwise indicated. SD, standard deviation; CLND, central lymph node dissection.

locoregional recurrence was based on cytological or histopathological evidence of disease in specimens obtained by
fine-needle aspiration biopsy or surgical excision. We did not
use serum thyroglobulin levels to identify recurrent disease,
as they do not definitively diagnose recurrent or persistent
disease in patients who have not undergone total thyroidectomy.
Independent t tests and chi-square tests were used to evaluate inter-group differences in the clinicopathological variables. Survival curves were created using the Kaplan-Meier
method and compared using the log-rank test. Multivariate
analyses were performed using Cox’s proportional hazard
regression model to assess the independent prognostic values of tumor volume and tumor diameter, and hazard ratios
and 95% confidence intervals (CIs) were estimated for each
variable. Because age is a known prognostic factor in PTC,
we also conducted subgroup analyses using a cut-off age of
45 years. All statistical tests were two-sided, and p-values of
< 0.05 were considered to indicate significance. All statistical
analyses were performed using the SPSS ver. 12.0 (SPSS Inc.,
Chicago, IL).
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Results
1. Cut-off tumor volume for predicting recurrence
The ROC curve analysis (Fig. 1) revealed that the optimal
cut-off volume for predicting tumor recurrence was 0.545
cm3, which provided an area under the curve of 0.712 (95%
CI, 0.610 to 0.814; p < 0.001; sensitivity 50.0%; specificity
85.3%). Therefore, patients were categorized as having a
tumor volume of V1a ( 0.545 cm3) or V1b (> 0.545 cm3). The
cutoff value obtained from the ROC analysis was internally
validated using the bootstrap method. The estimated concordance probability determined by 1,000 repetitions of the
bootstrap sample corrections was 0.713 (95% CI, 0.602 to
0.806).
2. Comparison of patient and tumor characteristics among
tumor groups
The baseline characteristics of the study cohorts are shown
in Table 1. The mean age of the entire cohort was 48.14±10.74

1.38±0.27
81 (84.4)
15 (15.6)
53 (55.2)
43 (44.8)
87 (90.6)
9 (9.4)
47 (49.0)
44 (45.8)
5 (5.2)
54 (56.3)
42 (43.8)

284 (87.4)
41 (12.6)

258 (79.4)
67 (20.6)

314 (96.6)
11 (3.4)

175 (53.8)
140 (43.1)
10 (3.1)

190 (58.5)
135 (41.5)

T1b

0.63±0.19

T1a

0.700

0.494

0.015

< 0.001

0.446

p-value

Tumor diameter

201 (57.3)
150 (42.7)

187 (53.3)
153 (43.6)
11 (3.1)

337 (96.0)
14 (4.0)

273 (77.8)
78 (22.2)

306 (87.2)
45 (12.8)

0.67±0.22

V1a

43 (61.4)
27 (38.6)

35 (50.0)
31 (44.3)
4 (5.7)

64 (91.4)
6 (8.6)

38 (54.3)
32 (45.7)

59 (84.3)
11 (15.7)

1.47±0.25

V1b

Tumor volume

0.519

0.544

0.120

< 0.001

0.515

p-value
1.38±0.27

T1b

276 (55.4)
222 (44.6)

264 (53.0)
223 (44.8)
11 (2.2)

93 (57.4)
69 (42.6)

92 (56.8)
61 (37.7)
9 (5.6)

462 (92.8) 151 (93.2)
36 (7.2)
11 (6.8)

332 (66.7) 62 (38.3)
166 (33.3) 100 (61.7)

450 (90.4) 141 (87.0)
48 (9.6)
21 (13.0)

0.64±0.20

T1a

0.658

0.043

0.850

< 0.001

0.230

p-value

Tumor diameter

313 (55.8)
248 (44.2)

298 (53.1)
251 (44.7)
12 (2.1)

520 (92.7)
41 (7.3)

362 (64.5)
199 (35.5)

502 (89.5)
59 (10.5)

56 (56.6)
43 (43.4)

58 (58.6)
33 (33.3)
8 (8.1)

93 (93.9)
6 (6.1)

32 (32.3)
67 (67.7)

89 (89.9)
10 (10.1)

1.51±0.26

V1b

Tumor volume

0.70±0.25

V1a

Age  45 yr

Values are presented as number (%) unless otherwise indicated. SD, standard deviation; CLND, central lymph node dissection.

Tumor size (cm)
Mean±SD
Sex
Female
Male
Surgery
Lobectomy+isthmectomy
Total thyroidectomy
Histological subtype
Classic
Follicular variant
Location
Right
Left
Isthmus
CLND
Performed
Not performed

Variable

Age < 45 yr

Table 2. Baseline patient characteristics using a cut-off age of 45 years

0.887

0.002

0.656

< 0.001

0.901

p-value
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Table 3. Tumor recurrence patterns in the study population
Age < 45 yr
Variable
Tumor recurrence
No
Yes
Recurrence site
Contralateral lobe
Locoregional
Distant

Age  45 yr

Tumor diameter

Tumor volume

T1a

T1b

V1a

319 (98.2)
6 (1.8)

92 (95.8)
4 (4.2)

345 (98.3)
6 (1.7)

66 (94.3)
4 (5.7)

4 (66.7)
2 (33.3)
0(

3 (75.0)
1 (25.0)
0(

4 (66.7)
2 (33.3)
0(

3 (75.0)
1 (25.0)
0(

V1b

Tumor diameter
T1a

Tumor volume

T1b

V1a

V1b

489 (98.2)
9 (1.8)

151 (93.2)
11 (6.8)

552 (98.4)
9 (1.6)

88 (88.9)
11 (11.1)

6 (66.7)
2 (22.2)
1 (11.1)

4 (36.4)
7 (63.6)
0(

6 (66.7)
2 (22.2)
1 (11.1)

4 (36.4)
7 (63.6)
0(

Values are presented as number (%).

years. Eighty-nine patients were moved from the T1b group
to the V1a group (26 were aged < 45 years, and 63 were aged
 45 years). Total thyroidectomy was more performed more
often in the T1b group than in the T1a group (55.4% vs.
28.3%, respectively; p < 0.001). Moreover, comparison of
groups V1b and V1a revealed significant differences in the
number of right lobe tumors (55.0% vs. 53.2%, respectively;
p=0.005), isthmus tumors (7.1% vs. 2.5%, respectively;
p=0.005), and total thyroidectomies (58.6% vs. 30.4%, respectively; p < 0.001).
Age-based subgroup analyses (Table 2) showed that total
thyroidectomy was significantly more frequent in < 45-yearold patients in group T1b than group T1a (44.8% vs. 20.6%,
respectively; p < 0.001) and group V1b than group V1a
(45.7% vs. 22.2%, respectively; p < 0.001). There were also significantly more histological variants in younger patients in
group T1b than group T1a (9.4% vs. 3.4%, respectively;
p=0.015). When we compared the  45-year-old patients in
groups T1b and T1a, we found significant differences in the
number of right lobe tumors (56.8% vs. 53.0%, respectively;
p=0.043), isthmus tumors (5.6% vs. 2.2%, respectively;
p=0.043), and total thyroidectomies (61.7% vs. 33.3%, respectively; p < 0.001). When we compared the  45-year-old
patients in groups V1b and V1a, we found similar differences
in the number of right lobe tumors (58.6% vs. 53.1%, respectively; p=0.002), isthmus tumors (8.1% vs. 2.1%, respectively;
p=0.002), and total thyroidectomies (67.7% vs. 35.5%, respectively; p < 0.001).
3. Tumor recurrence patterns
The mean follow-up time was 66.12±28.75 months, and
97.2% of the entire cohort experienced RFS. Table 3 provides
detailed information regarding tumor recurrence in the
study population. Thirty patients experienced tumor recur-
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rence, with 17 cases of contralateral lobe recurrence and 12
cases of locoregional recurrence. Only one patient experienced distant recurrence (lung metastasis), which was
detected via chest computed tomography and confirmed by
excisional biopsy. None of the patients who were moved
from the T1b group to the V1a group experienced tumor
recurrence.
4. Analysis of the rates of RFS
There was no significant difference in RFS rates between
the T1a and T1b groups (98.2% vs. 94.2%, respectively;
p=0.997) or the V1a and V1b groups (98.4% vs. 91.1%, respectively; p=0.253) (Fig. 2A). Multivariate analysis provided
similar findings (Table 4).
When we conducted subgroup analyses using a cut-off age
of 45 years, no significant differences in RFS rates were
observed between the < 45-year-old patients in either the
T1a/T1b groups (98.2% vs. 95.8%, respectively; p=0.137) or
the V1a/V1b groups (98.3% vs. 94.4%, respectively; p=0.236)
(Fig. 2B and C). However,  45-year-old patients in the V1b
group showed significantly poorer RFS rates than those in
the V1a group (88.9% vs. 98.4%, respectively; p=0.029)
(Fig. 2C). Multivariate analyses revealed no significant agerelated differences in RFS rates between the T1a and T1b
groups. However, poorer RFS rates were associated with
older patients in group V1b than V1a upon multivariate
analysis (hazard ratio, 2.676; 95% CI, 1.075 to 6.661; p=0.034)
(Table 4).
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Fig. 2. Recurrence-free survival according to tumor diameter (T) and tumor volume categorization (V). Entire study population (A), patients aged < 45 years (B), and patients aged  45 years (C).
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Table 4. Multivariate analysis of tumor recurrence
Variable
Tumor diameter
T1a
T1b
Tumor volume
V1a
V1b

Total

Age < 45 yr

Age  45 yr

HR (95% CI)

p-value

HR (95% CI)

p-value

HR (95% CI)

p-value

1(
1.071 (0.471-2.439)a)

0.869

1(
0.240 (0.026-2.205)b)

0.207

1(
1.685 (0.652-4.352)c)

0.281

1(
1.701 (0.754-3.836)c)

0.200

1(
0.284 (0.031-2.619)a)

0.267

1(
2.676 (1.075-6.661)c)

0.034

a)

b)

c)

HR, hazard ratio; CI, confidence interval. Adjusted for surgery, Adjusted for surgery, histologic subtype, Adjusted for surgery, tumor location.

Discussion
The present study assessed the prognostic value of preoperative tumor volume and compared it to that of the conventional staging system based on tumor diameter in patients
with T1N0 PTC. We found that tumor volume better predicted tumor recurrence than the conventional staging system in  45-year-old patients with T1N0 PTC. Accurately
measuring the tumor’s diameter may be hindered by the fact
that tumors exhibit various shapes; hence, tumor volume
may more precisely reflect tumor burden. Several studies
have evaluated the prognostic value of tumor volume and
tumor diameter in non-thyroid cancers, including non-small
cell lung cancer and oropharyngeal cancer [11,12]. Furthermore, Park et al. [13] reported an association between tumor
volume and occult central lymph node metastasis in PTC.
However, to the best of our knowledge, this is the first study
to compare the prognostic value of preoperative tumor
diameter and tumor volume in early-stage node-negative
papillary cancer.
There is debate regarding whether patients with T1a papillary cancer have a different prognosis than those with T1b
papillary cancer [14-16]. Although the current AJCC staging
system subdivides T1 disease into T1a and T1b based on a
tumor diameter of 1 cm, this subdivision does not affect the
final tumor stage as the seventh version of the AJCC staging
system defines both T1a and T1b disease as stage 1 for nodenegative patients who are aged  45 years. This raises the
question of whether it is necessary to subdivide T1 disease
into T1a and T1b. However, we found a difference in prognosis when we compared  45-year-old patients in the V1a
and V1b groups. Therefore, it may be useful to consider subdividing stage 1 PTC according to tumor volume, especially
in patients aged  45 years, to more precisely predict their
prognosis.
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In the present study, 89 patients were reclassified from T1b
to V1a based on their tumor volume, and none of these
patients experienced tumor recurrence. These findings highlight the possibility of misclassification in the current staging
system, which is based on tumor diameter. Our results suggest that use of tumor volume for staging might reduce the
possibility of misclassification. In addition, it may be appropriate to include tumor volume as a criterion for active surveillance of low-risk PTC in the 2015 revision of the American
Thyroid Association guidelines, which currently only consider tumor diameter.
It should be noted that this study has several limitations.
First, its single-center retrospective design has well-known
risks of bias. Second, discordance between tumor volumes
measured via preoperative ultrasonography versus pathology is possible, as is interobserver variation during the
approximately 30-year data collection period. However, several studies have reported that preoperative ultrasonography
reliably estimates the size of thyroid cancers and has low
interobserver variability [17,18]. Third, the relatively short
follow-up period and limited number of recurrences might
limit the statistical power of our analysis. Therefore, larger
studies with prolonged follow-ups should be conducted to
validate our findings. Finally, we did not consider genetic
data (e.g., BRAF mutation status), which can be useful for
predicting prognosis in patients with PTC.
Our findings show that preoperative tumor volume better
predicts prognosis than the conventional staging system
based on tumor diameter in  45-year-old patients with T1N0
PTC. Therefore, we suggest that future risk stratification systems should consider tumor volume as a prognostic factor
for such patients.
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Purpose
We conducted a retrospective analysis to determine if adjuvant chemotherapy prolongs
overall survival in patients with pathologic stage IB lung adenocarcinoma who had undergone complete resection and were defined as high-risk by a newly developed recurrence
risk scoring model.
Materials and Methods
Patients who underwent curative resection for stage IB lung adenocarcinoma were analyzed
with a newly developed recurrence risk scoring model and divided into a low-risk group and
a high-risk group. The patients in the high-risk group were retrospectively divided into two
groups based on whether they underwent adjuvant chemotherapy or observation. Recurrence-free survival and overall survival were compared between these two groups.
Results
A total of 328 patients who underwent curative resection between 2000 and 2009 were
included in this study, of whom 110 (34%) received adjuvant chemotherapy and 218 (67%)
underwent observation without additional treatment. According to our risk model, 167
patients (51%) were high-risk and 161 (49%) were low-risk. The 5-year recurrence-free survival rates and overall survival were 84.4% and 91.5% in low-risk patients and 53.9% and
74.7% in high-risk patients (p < 0.001). In high-risk patients, the 5-year overall survival rates
were 77% among patients who underwent observation and 87% among those who underwent adjuvant chemotherapy (p=0.019).
Conclusion
Adjuvant chemotherapy prolonged overall survival among high-risk patients who had
undergone complete resection for stage IB lung adenocarcinoma.

Introduction
Lung cancer is the leading cause of cancer death for men
and women worldwide [1]. The 5-year survival rate of stage
IB lung cancer is 54%, which is significantly lower than that
of stage IA cancer (73%) and similar to that of stage IIA cancer (50%) [2]. Several randomized controlled clinical trials
have been performed to assess strategies for increasing the
survival rate in resected stage IB lung cancer; however, they

898

Key words
Adjuvant chemotherapy, Stage IB, Adenocarcinoma, High risk

have not resulted in the improvements that were expected
[3-5]. Nonetheless, the Cancer and Leukemia Group B 9633
study showed that adjuvant chemotherapy led to an
increased survival rate in stage IB patients with tumors >
4 cm [6]. Therefore, the National Comprehensive Cancer Network has issued guidelines defining high-risk patients with
pathologic stage IB cancer, for whom adjuvant chemotherapy may be recommended [7].
Although there is no question that adjuvant chemotherapy
should only be performed in high-risk patients with stage IB
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lung cancer, controversy exists regarding how to define the
risk level of patients. We previously identified three major
risk factors for postoperative recurrence and created a new
risk model that can distinguish high- and low-risk patients
who have undergone curative resection to treat pathologic
stage I lung adenocarcinoma [8].
We suggest that if adjuvant chemotherapy leads to better
results than observation in patients with pathologic stage IB
lung adenocarcinoma who are classified as high-risk in the
new recurrence risk scoring model, a multicenter prospective
randomized controlled trial may be warranted.
Therefore, this study was conducted to perform a retrospective analysis of the results of adjuvant chemotherapy in
high-risk patients who had undergone curative resection for
stage IB lung adenocarcinoma.

Materials and Methods
1. Patients
The data used in this study were collected from the records
of 1,071 patients who underwent curative resection for
pathologic stage I lung adenocarcinoma between January
2000 and December 2009 at three different hospitals. We
excluded patients who had received any therapy prior to surgery. Of the 1,071 patients identified for this study, 743 (69%)
had stage IA cancer and 328 (31%) had stage IB cancer. This
study was approved by the Institutional Review Board of
Seoul National University Bundang Hospital. Patients’
informed consent was waived due to the retrospective nature
of the study design.
2. Risk stratification
A previous study performed by our lung cancer study
group identified three independent predictors of recurrence
[8]: pathologic tumor size (hazard ratio [HR], 1.03; 95% confidence interval [CI], 1.02 to 1.05; p < 0.001), corrected standardized uptake value (c-SUV) (HR, 1.08; 95% CI, 1.05 to
1.11; p < 0.001), and lymphovascular invasion (LVI) (HR,
1.65; 95% CI, 1.17 to 2.33, p=0.004). Based on the results of
the Cox proportional hazard model, the total score was calculated as: Total score=[0.02238964(tumor size, mm)+
0.5993035(c-SUV)0.01006747(c-SUV0.8)+3+0.01423332
(cSUV3.2)+30.00416585(c-SUV9)+3+0.1980969(LVI)]
44.9955628; terms introduced by addition (+) obligatorily
have a positive value. For terms introduced by subtraction,
negative values of the variable in question result in the term
being treated as zero. LVI is calculated as 1 (present) or 0

(absent).
Score values were obtained for all patients. We were able
predict the probability of 1-year, 3-year, and 5-year recurrence-free survival (RFS) for each patient by applying the
total score to a nomogram or a corresponding score table. We
defined the high-risk group as patients with total scores
belonging to the 70th percentile or above. The recurrence rate
in the development cohort was 20%-30% in each institution,
and the 5-year RFS rate of the top 30 percentile high-risk
score group was 59% (95% CI, 0.54 to 0.66), indicating that
the results resembled stage IIA rather than stage IB. The cutoff value of high-risk sore was 104 point in our risk model.
3. Adjuvant chemotherapy
No uniform indication of adjuvant chemotherapy was
used for the patients analyzed in this study. Adjuvant
chemotherapy was usually performed if patients had wellknown risk factors, such as large tumor size, poor differentiation, LVI, or visceral pleural invasion (VPI). Chemotherapeutic agents also varied across centers. Oral tegafur/uracil
was administered for 1-1.5 years at a dose of 400 mg per day.
Platinum-based adjuvant chemotherapy was started within
4 to 8 weeks of surgical resection. Four cycles of chemotherapy involving cisplatin (80 mg/m2) with paclitaxel or
vinorelbine were performed. Decisions about dose reduction
or dose delay were made by the treating medical oncologist
at the time of the scheduled dose using objective and subjective criteria.
Patients were followed up every 6 months for the first
2 years, and then every 8 months for an additional 3 years.
Data analyzed in this study included patient’s history, physical examination, chest radiograph, and tumor markers. A
chest computed tomography (CT) scan was taken every
6 months for the first 2 years, then every 8 months. If recurrence was suspected, either through newly presenting symptoms or scheduled tests, integrated positron emission
tomography CT (PET-CT) was performed.
4. Statistical analysis
The length of the overall survival (OS) was defined as the
interval between the date of surgical resection and the date
of either death or the last follow-up. The period of freedom
from recurrence was defined as the interval between the date
of surgical resection and the date of the first recurrence or
the last follow-up. An observation was censored at the last
follow-up session when the patient was alive with recurrence-free status or died without recurrence. If a new tumor
developed during follow-up that had a cell type that differed
from the previous lung cancer, this newly formed tumor was
considered a metachronous double primary cancer, and not
VOLUME 49 NUMBER 4 October 2017

899

Cancer Res Treat. 2017;49(4):898-905

recurrence. Moreover, if multiple lesions of the same histologic type according to the criteria of Martini and Melamed
[9] showed lack of common lymphatic carcinoma, were
located in different lobes, originated from carcinoma in situ,
and after more than 3 years of disease-free survival, they
were not considered recurrence. The Student’s t test and
analysis of variance (ANOVA) were used to compare the distribution of continuous data, and Fisher exact test or the chisquared test was used to compare the frequencies of categorical measures among groups. Five-year RFS rates were
analyzed using the Kaplan-Meier method, and survival
curves were generated. Multivariate analyses were performed using the Cox proportional hazard model. Statistical

analyses were performed using SPSS ver. 18.0 (SPSS Inc.,
Chicago, IL). p-values of < 0.05 were considered to indicate
statistical significance.

Results
1. Patients
Pathological stage IB lung adenocarcinoma was found in
328 patients with a mean age of 63.1 years, of whom 161

Table 1. Clinical characteristics of low-risk and high-risk patients in stage IB lung adenocarcinoma
Characteristic
Sex
Male
Female
Age (yr)
Smoking
Never
Ever
CEA (ng/mL)
c-SUV
Total tumor size on CT (mm)
Solid size on CT (mm)
Total tumor size (mm)
Invasive size (mm)
Visceral pleural invasion
No
Yes
Lymphovascular invasion
No
Yes
EGFR mutation
Wild type
Mutation
Recurrence
No
Yes
Survival
Alive
Dead
Adjuvant chemotherapy
No
Yes

Low-risk group

High-risk group

p-value

62 (38.5)
99 (59.3)
62.4±10.2

99 (61.5)
68 (40.7)
63.7±10.4

< 0.001

113 (60.1)
48 (34.5)
3.4±6.3
2.8±1.4
29.0±12.7
23.1±12.6
27.2±10.0
26.9±9.9

76 (39.9)
91 (65.5)
7.3±16.6
8.5±4.8
34.0±10.1
31.3±10.9
35.1±7.0
34.8±7.2

< 0.001

56 (42.4)
105 (53.6)

76 (57.6)
91 (46.4)

0.048

113 (54.6)
48 (39.7)

94 (45.4)
73 (60.3)

0.009

86 (51.2)
47 (58.0)

82 (48.8)
34 (42.0)

0.012

138 (60.0)
23 (23.5)

92 (40.0)
75 (76.5)

< 0.001

148 (53.2)
13 (26.0)

130 (46.8)
37 (74.0)

< 0.001

104 (47.7)
57 (51.8)

114 (52.3)
53 (48.2)

0.482

0.276

0.013
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Values are presented as number (%) or mean±standard deviation. CEA, carcinoembryonic antigen; c-SUV, corrected standardized uptake value; CT, computed tomography; EGFR, epidermal growth factor receptor.
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Fig. 1. Kaplan-Meier estimates of recurrence-free survival (A) and overall survival (B) between low-risk and high-risk
patients. (A) The 5-year recurrence-free survival rates were 84.4% in low-risk patients and 53.9% in high-risk patients. (B)
The 5-year overall survival rates were 91.5% in low-risk patients and 74.7% in high-risk patients.

(49%) were male and 167 (51%) were female. There were 139
ever-smokers (42%) and 189 never-smokers (58%). All
patients underwent preoperative PET-CT imaging, with a
mean c-SUV value of 5.69. According to pathological reports,
the mean total pathological and invasive sizes were 31.2 mm
and 30.9 mm, respectively. LVI was found in 121 patients
(37%) and VPI was found in 196 patients (60%). A total of 110
patients (34%) received adjuvant chemotherapy.

106 months). Recurrence was documented in 98 patients
(30%), including 23 patients (14%) in the low-risk group and
75 (45%) in the high-risk group (p < 0.001). Fifty patients
(15%) died during follow-up period: 13 (8%) in the low-risk
group and 37 (22%) in the high-risk group. The Kaplan-Meier
estimates of RFS and OS are presented in Fig. 1. The 5-year
RFS and OS rates were 84.4% and 91.5% in low-risk patients
and 53.9% and 74.7% in high-risk patients, respectively,
which was a significant difference.

2. Risk stratification
4. Adjuvant chemotherapy
Overall, 167 patients (51%) were classified as high-risk and
161 patients (49%) as low-risk according to risk calculation
based on the nomogram derived from our previously
reported recurrence risk model. The characteristics of the two
groups are shown in Table 1. The high-risk patients were
more likely to be male and ever-smokers than the low-risk
patients. Male patients had a significantly higher SUVmax
(6.6 vs. 4.9, p=0.001) than female patients; however, there was
no difference in age, performance status, tumor size, or the
presence of LVI, VPI, and comorbidity. The high-risk patients
had higher carcinoembryonic antigen levels, higher corrected
standard uptake values based on PET-CT imaging, and
larger total or invasive tumor size. Poor differentiation, VPI,
LVI, and wild-type epidermal growth factor receptor (EGFR)
were found more frequently in high-risk patients.
3. Survival
The mean follow-up period was 49.3 months (range, 6 to

A total of 110 patients received adjuvant chemotherapy,
including 57 low-risk and 53 of high-risk patients. Although
patients who received adjuvant chemotherapy were significantly younger, Eastern Cooperative Oncology Group performance status and presence of comorbidity were not
significantly different between patients with observation and
adjuvant chemotherapy (Table 2). EGFR mutation analysis
was performed in 64% of patients with observation, while it
was performed in 100% of patients with chemotherapy. The
prevalence of EGFR mutation was significantly higher in
patients with chemotherapy.
In addition to cisplatin, the regimens of platinum-based
doublet chemotherapy included vinorelbine in 17, gemcitabine in 14, and paclitaxel in eight patients. The regimen of
gemcitabine and oxaliplatin was used in 10 patients. The
5-year OS rate was 79% in the observation group and 92% in
the chemotherapy group, which was a significant difference
(p=0.001) (Fig. 2). The 5-year RFS rate was 64% in the obserVOLUME 49 NUMBER 4 October 2017
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Table 2. Comparison of clinical characteristics between patients with observation and chemotherapy in stage IB lung adenocarcinoma
Characteristic
Sex
Male
Female
Age (yr)
Smoking
Never
Ever
ECOG performance status
0-1
2-4
Comorbiditya)
None
Presence
EGFR mutation
Wild type
Mutation
Recurrence
No
Yes

Observation (n=218)

Chemotherapy (n=110)

p-value

106 (51.4)
112 (48.6)
64.8±10.8

55 (50.0)
55 (50.0)
60.4±8.7

0.814

125 (57.3)
93 (42.7)

64 (58.2)
46 (41.8)

0.369

201 (92.6)
17 (7.4)

103 (93.6)
7 (6.4)

0.120

119 (54.6)
99 (45.4)

62 (56.4)
48 (43.6)

0.852

96 (44.0)
43 (19.7)

72 (65.5)
38 (34.5)

0.001

147 (67.4)
71 (32.6)

83 (75.5)
27 (24.5)

0.134

0.001

Values are presented as number (%) or mean±standard deviation. ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor. a)Comorbidity=chronic obstructive pulmonary disease, diabetic mellitus, hypertension, cerebrovascular attack, cardiovascular disease other than hypertension.

5. Complications of adjuvant chemotherapy
There was no discontinuation in patients who received oral
agents as adjuvant chemotherapy; however, four patients
suffered from gastrointestinal (GI) problems and two from
internal bleeding. In patients who received IV chemotherapeutic agents, the discontinuation rate was 10% and complications (all GI trouble) developed in three patients.
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1.0
Probability of overall survival

vation group and 76% in the chemotherapy group, which
was a marginally significant difference (p=0.053).
In low-risk patients, the 5-year OS rate was 89% with
observation and 96% with chemotherapy, which was significantly different (p=0.032). In high-risk patients, the 5-year
OS rate was 69% with observation and 87% with chemotherapy, which was also significantly different (p=0.019) (Fig. 3).
Among 53 high-risk patients, oral agents were administered
to 30 patients and intravenous chemotherapeutic agents (IV
chemotherapy) to 23. When 23 patients (IV chemotherapy)
were compared with 114 patients (observation) in the highrisk group, mean survival time was 84 months and 76
months in patients with IV chemotherapy and observation,
respectively, which was significantly longer in patients with
IV chemotherapy (p=0.049).
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80
Time (mo)
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Fig. 2. Kaplan-Meier estimates of overall survival between
observation and chemotherapy. The 5-year overall survival rate was 79% in patients who received observation
and 92% in those who received chemotherapy.
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Fig. 3. Kaplan-Meier estimates of overall survival between observation and chemotherapy in low-risk (A) and high-risk (B)
patients. (A) The 5-year overall survival rate was 89% in patients with observation and 96% for those who received
chemotherapy in high-risk patients. (B) The 5-year overall survival rate was 77% in patients who received observation and
87% in those who received chemotherapy in high-risk patients.

Discussion
Two major conclusions can be drawn from this retrospective study. First, the nomogram of our newly developed risk
model appropriately defined risk groups for recurrence,
because the high-risk group had a significantly lower 3-year
disease-free survival rate than low-risk patients. Second,
adjuvant chemotherapy significantly prolonged the 5-year
OS rate of high-risk patients when compared to observation
alone.
Traditionally, lung cancer has been considered to be an
aggressive cancer, with a total survival rate of less than 20%.
To increase the survival rate, multi-modality therapies have
been developed, including adjuvant chemotherapy, adjuvant
chemoradiation, and neoadjuvant therapy, with very encouraging results. Therefore, adjuvant chemotherapy is routinely
performed for pathologic stage II non-small cell lung cancer
(NSCLC), while adjuvant chemotherapy and radiotherapy
are routinely performed for pathologic stage III NSCLC
[3-5,10]. However, the effectiveness of adjuvant therapy for
completely resected stage I NSCLC is controversial, especially for stage IB NSCLC. For stage IA tumors, studies have
consistently shown that adjuvant chemotherapy has a negative effect on OS [11]. This is because, although adjuvant
chemotherapy can decrease the recurrence rate after curative
resection, the toxicity of the chemotherapeutic agents and
immunosuppression can increase treatment-related mortality. The Cancer and Leukemia Group B 9633 study enrolled

200 patients with pathologic stage IB cancer and found in
their preliminary report that adjuvant chemotherapy was
associated with an HR for overall mortality of 0.62 (0.44-0.89,
p < 0.014), indicating that adjuvant chemotherapy was beneficial in these patients [6]. Although the results that were
updated 4 years later no longer showed a significant effect
on OS, adjuvant chemotherapy consistently led to an
improved survival rate in patients with tumors larger than 4
cm. Therefore, the National Comprehensive Cancer Network
guidelines define poorly differentiated tumors, vascular
invasion, wedge resection, tumor size > 4 cm, VPI, and
incomplete lymph node sampling as high-risk factors in surgically resected IB NSCLC, and recommend adjuvant
chemotherapy to patients with these risk factors [7]. However, these risk factors have not been shown to be independent indications for adjuvant chemotherapy for patients with
stage IB NSCLC. The lack of a widely accepted and clear definition of high-risk patients has led to inconsistent clinical
application of adjuvant chemotherapy. Therefore, in our previous study, clinical, radiopathological, and outcome data
were evaluated for 1,700 patients with pathologic stage I adenocarcinoma treated at four different centers. A nomogram
for recurrence prediction was developed using Cox proportional hazards regression, and this model was validated in a
cohort of 460 patients in two other hospitals. Pathologic
tumor size, c-SUV, and LVI were identified as independent
predictors for recurrence [8].
Our previous study led us to the conclusion that it is
extremely important to develop guidelines to determine
VOLUME 49 NUMBER 4 October 2017
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which high-risk patients, as defined by our new nomogram,
should be given adjuvant chemotherapy for stage IB adenocarcinoma. Therefore, before embarking on a multicenter
prospective randomized controlled trial, it was important to
validate the role of adjuvant chemotherapy in patients with
high-risk stage IB adenocarcinoma.
In this study, the OS advantage at 5 years was found to be
10% in high-risk patients who were treated with chemotherapy. However, these results should be interpreted with caution because of the inconsistent indications for chemotherapy
and the use of various chemotherapeutic agents and cycles.
A particular weak point is the lack of uniform indications for
adjuvant chemotherapy and the variety of chemotherapeutic
agents in each center.
Another point to consider is that chemotherapy also led to
improved outcomes in low-risk patients, as defined by our
new model. In low-risk patients, the 5-year OS rate was 96%
with chemotherapy and 89% with observation. Although the
difference was smaller than that found in the high-risk
group, it was also statistically significant. There are multiple
reasons for which chemotherapy also improved the OS time
of the low-risk group. First, although smaller tumors were
found in the low-risk group, the average total size was 2.7
cm, which still qualifies as a T1b tumor. Second, and more
importantly, the new risk model did not take VPI into
account as a risk factor. VPI is known to be a major determinant of tumor staging and a risk factor for recurrence and
poor survival [12]. However, in our previous study, VPI was
not found to be an independent prognostic factor, and VPI
was therefore rather common in the low-risk group. Moreover, disagreement exists about the prognostic role of VPI.
Mizuno et al. [13] showed that stage IB adenocarcinoma
patients without pleural invasion had a rate of favorable outcomes that was almost the same as that of stage IA patients,
and therefore suggested that adjuvant chemotherapy can be
omitted for stage IB adenocarcinoma without pleural invasion. In contrast, Nitadori et al. [14] showed that VPI did not
affect the recurrence or OS among patients with lung adenocarcinoma when tumors were smaller than 2 cm. In this
study, patients with stage IB adenocarcinoma and VPI had a
lower 5-year OS time than those without VPI; however, no
difference in the 5-year OS rate was found between patients
with VPI who were treated with adjuvant chemotherapy and
those who underwent observation. Tumor size, SUVmax,
and presence of LVI were prognostic factors in the new
recurrence risk scoring model of this study. Because male
patients had slightly larger tumor and significantly higher
SUVmax, significantly more male patients were included in
the high-risk group.
In patients with adjuvant chemotherapy, OS was significantly longer; however, RFS was not significantly different
between the two groups. There might be a different pattern
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of each group. Therefore, even after recurrence, patients with
adjuvant chemotherapy might have relatively treatable
recurrence when compared with patients who only underwent observation. Accordingly, even though RFS was minimally different, the OS was significantly different.
It should be noted that this study had several limitations.
First, although this was a large-scale, multicenter study, it
was based on retrospective data; therefore, these results cannot be generalized because different results might be shown
in different study populations. To overcome this limitation,
another validation group or prospective randomized trial
would be needed. Second, we could not classify death into
cancer-related death, treatment-related death, or unrelated
death; accordingly, better OS of patients with chemotherapy
may result from better conditions such as younger age, better
performance status, and less comorbidity. Third, EGFR
mutation analysis was only performed in 64% of patients
who received observation. Because the study population was
enrolled from three different hospitals in this study, EGFR
mutation was not evaluated in all of the patients who were
designated as the observation group. This difference may
have influenced the better survival observed for patients
who received adjuvant chemotherapy.
This retrospective study demonstrated that adjuvant
chemotherapy had a positive effect on the OS rate of patients
who had undergone curative resection for stage IB adenocarcinoma and were identified as high-risk by our new risk
model. In light of these results, it may be worthwhile to conduct a multicenter prospective randomized trial to evaluate
the effects of chemotherapy on such patients.
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Genetic Alterations and Their Clinical Implications in High-Recurrence
Risk Papillary Thyroid Cancer

Purpose
Papillary thyroid carcinomas (PTCs) frequently involve genetic alterations. The objective of
this study was to investigate genetic alterations and further explore the relationships
between these genetic alterations and clinicopathological characteristics in a high-recurrence risk (node positive, N1) PTC group.

Min-Young Lee, MD1
Bo Mi Ku, PhD2
Hae Su Kim, MD1
Ji Yun Lee, MD1
Sung Hee Lim, MD1
Jong-Mu Sun, MD, PhD1
Se-Hoon Lee, MD, PhD1
Keunchil Park, MD, PhD1
Young Lyun Oh, MD, PhD2
Mineui Hong, MD3
Han-Sin Jeong, MD, PhD4
Young-Ik Son, MD, PhD4
Chung-Hwan Baek, MD, PhD4
Myung-Ju Ahn, MD, PhD1

Materials and Methods
Tumor tissue blocks were obtained from 240 surgically resected patients with histologically
confirmed stage III/IV (pT3/4 or N1) PTCs. We screened gene fusions using NanoString’s
nCounter technology and mutational analysis was performed by direct DNA sequencing. Data
describing the clinicopathological characteristics and clinical courses were retrospectively
collected.
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Results
Of the 240 PTC patients, 207 (86.3%) had at least one genetic alteration, including BRAF
mutation in 190 patients (79.2%), PIK3CA mutation in 25 patients (10.4%), NTRK1/3 fusion
in six patients (2.5%), and RET fusion in 24 patients (10.0%). Concomitant presence of
more than two genetic alterations was seen in 36 patients (15%). PTCs harboring BRAF
mutation were associated with RET wild-type expression (p=0.001). RET fusion genes have
been found to occur with significantly higher frequency in N1b stage patients (p=0.003) or
groups of patients aged 45 years or older (p=0.031); however, no significant correlation
was found between other genetic alterations. There was no trend toward favorable recurrence-free survival or overall survival among patients lacking genetic alterations.
Conclusion
In the selected high-recurrence risk PTC group, most patients had more than one genetic
alteration. However, these known alterations could not entirely account for clinicopathological features of high-recurrence risk PTC.

Key words
Papillary thyroid carcinoma, BRAF, PIK3CA, RET
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Introduction
Papillary thyroid carcinoma (PTC) is the most common
thyroid cancer, and its annual incidence is increasing worldwide [1]. Although PTCs are usually curable, with a 10-year
survival rate of 80%-90%, the rate of disease recurrence or
persistence is high. Recurrence occurs locoregionally in 5%20% of patients and as distant metastasis in 10%-20% of
patients during long-term follow-up after initial therapy [2].
Patients older than 45 years at the time of initial diagnosis
have a much worse prognosis when recurrence occurs [3].
Recent understanding of the molecular pathogenesis of
PTC has resulted from identification of genetic alterations in
various signaling pathways. Genetic alterations in the mitogen-associated protein kinase (MAPK) pathway, such as
BRAF point mutations, RAS point mutations, and RET
rearrangements, play important roles in the initiation and
progression of PTC [4]. BRAF mutations are the most common genetic alterations found in PTC, followed by RET
rearrangements and RAS mutations. These mutations are
found in more than 70% of PTCs and are almost always
mutually exclusive [5,6]. However, recent studies have
revealed concomitant mutations in advanced stages of PTC
[3,7], although the relationship between genetic alterations
and their influence on prognosis remains unclear.
BRAF mutations are the most common type of genetic
alterations in PTC, with an incidence ranging from 28% to
83% and an overall rate of 45% [4,8]. More than 90% of all
BRAF mutations consist of a valine-to-glycine substitution at
codon 600 (V600E) in exon 15. Although the impact of BRAF
mutations in PTC is incompletely defined, many studies
have demonstrated a strong association of BRAFV600E with
poor clinicopathological outcome of PTC [9,10]. The RAS
gene family, including NRAS, HRAS, and KRAS, encodes the
21-kDa G-proteins, which influence the MAPK and phosphoinositide 3-kinase (PI3K) signaling pathways in thyroid cancer. Point mutations in codons 12, 13, and 61 of RAS have
been found in thyroid cancer [4,11]; however, their reported
frequency varies among studies [12]. Mutations at codon 61
of RAS cause reduction of GTPase activity and are related to
aggressiveness of PTC [11]. Genetic alterations of the PIK3CA
gene, specifically activating mutations in exons 9 and 20,
have been found widely in human cancer. However, several
studies have reported that PIK3CA mutation is uncommon
in PTC [13].
A recent study by The Cancer Genome Atlas (TCGA)
revealed mutually exclusive recurrent kinase fusions in thyroid cancer [14]. Rearrangements of RET are commonly seen
in PTC [15], and the most common RET fusions are paracentric fusions, with the coiled-coil domain containing 6
(CCDC6) contributing ~80% and the nuclear receptor coac-

tivator 4 (NCOA4) contributing ~10% of all known RET
rearrangements [4]. RET fusions result in ligand-independent dimerization and constitutive RET activation. Thus,
RET fusions are classical oncogenes that activate the MAPK
and PI3K signaling pathways. Recurrent fusions involving
members of the neurotrophic tyrosine receptor kinase
(NTRK) family have also been identified in PTC [16].
Although NTRK gene rearrangements are less common than
RET rearrangements, they play direct roles and represent an
early event in the process of thyroid carcinogenesis [16]. The
paired box 8 (PAX8)–peroxisome proliferator activated
receptor- (PPAR) fusion gene is another prominent recombinant oncogene that has been implicated in thyroid cancer.
The PAX8-PPAR fusion gene is most commonly found in
follicular thyroid cancer, i.e., follicular variant PTC [4,12].
However, this gene has a low frequency in Asian populations [12].
There is a greater incidence of PTC in Korea than in other
countries, and this increased prevalence is accompanied by
differences in the clinicopathological characteristics of these
tumors [17]. Although numerous studies have attempted to
identify prognostic markers that distinguish high-recurrence
risk PTCs, the usefulness of genetic analysis in PTC patient
management is still uncertain [8,12,18]. In the present study,
we investigated genetic alterations in high-recurrence risk
PTC from Korea and their association with various clinicopathological characteristics by conducting a NanoString
nCounter gene fusion assay and direct sequencing of seven
hotspot mutations in BRAF, KRAS, or PIK3CA. These fusion
genes and hotspots were selected because they are associated
with aggressive features of various epithelial cancers, including thyroid cancer.

Materials and Methods
1. Patients and tumor tissues
From January 2004 to August 2008, a total of 855 patients
underwent surgery (subtotal or total thyroidectomy or neck
dissection) for primary thyroid carcinoma at Samsung Medical Center (SMC, Seoul, Korea). Of these patients, we
selected those with histologically confirmed T3 to T4 or N1
PTC. Histopathological diagnoses according to the World
Health Organization (WHO) classification system were
obtained from pathological reports. We excluded histological
variants or mixed-type PTC. After application of our selection criteria, a total of 240 patients were included in this
study as the high-recurrence risk PTC group. The diameter
of tumors ranged from 0.4 to 10.5 cm, with a median size of
VOLUME 49 NUMBER 4 October 2017
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1.5 cm. The tumors of 40.8% of the patients (98 cases)
showed multifocality and 94.6% of patients (227 cases) presented extrathyroid invasion. Moreover, all patients were
found to have lymph node metastases (range, 1 to 41;
median, 4) at the time of initial surgery. A pathologist
reviewed the tumor specimens and histologic reviews of all
samples, and thyroid tumor tissue blocks were obtained
from these patients. Total RNA and DNA of sufficient quality
were successfully extracted from all 240 specimens available.
Clinical data describing the surgical procedures performed,
intraoperative findings, histopathologic data, and preoperative and postoperative status of patients were retrospectively
collected and reviewed (from January 2004 to December
2014). The median follow-up duration was 95.8 months
(range, 0.9 to 130.4 months). This study was approved by the
Institutional Review Board of Samsung Medical Center.
2. Mutational analysis
Direct sequencing of the BRAF (exon 15), KRAS (exons 2
and 3), and PIK3CA (exons 9 and 20) genes was conducted.
Briefly, genomic DNA was extracted from formalin-fixed,
paraffin-embedded (FFPE) tissue sections using a QIAamp
DNA FFPE Tissue Kit (Qiagen, Valencia, CA). Purified DNA
was quantified using NanoDrop (Invitrogen Life Technologies, Carlsbad, CA) and Qubit (Invitrogen Life Technologies). The BRAF (V600), KRAS (G12, G13, and Q61), and
PIK3CA (E542, E545, and H1047) hotspot mutations were
evaluated by polymerase chain reaction, followed by Sanger
sequencing using a BigDye Terminator v3.1 Cycle Sequencing (Applied Biosystems, Foster City, CA) on an ABI 3730XL
automated sequencer (Applied Biosystems).
3. Gene fusion assay
Total RNA was isolated from two to three FFPE tissue sections (10 µm thick) using an miRNeasy FFPE Kit (Qiagen)
according to the manufacturer’s instructions. The probe sets
were custom designed and synthesized by NanoString Technologies (Seattle, WA), and nCounter assays were performed
according to the manufacturer’s protocol. Briefly, 500 ng of
total RNA was hybridized to nCounter probe sets for 16
hours at 65°C. Samples were then processed using an
automated nCounter Sample Prep Station (NanoString Technologies). Cartridges containing immobilized and aligned
reporter complexes were subsequently imaged on an
nCounter Digital Analyzer (NanoString Technologies).
Reporter counts were collected using the NanoString’s
nSolver analysis software ver. 1, normalized, and analyzed.
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Table 1. Baseline characteristics of the patients and tumor
tissues
Variable
Age, median (range, yr)
< 45
 45
Sex
Male
Female
T stage
T1/2
T3/4
Not assessable
N stage
N1a
N1b
ATA risk stratification
Intermediate
High
Multiplicity
Single
Multiple
Not assessable
Resection margin
Negative
Involvement
Not assessable
Distant metastasis
Absent
Present
RAI dose (mCi)
RAI frequency
<3
3
Recurrence
Death

No. (%)
46 (16-84)
110 (45.8)
130 (54.2)
65 (27.1)
175 (72.9)
22 (9.2)
205 (85.4)
13 (5.4)
139 (57.9)
101 (42.1)
219 (91.3)
21 (8.8)
129 (53.8)
98 (40.8)
13 (5.4)
196 (81.7)
31 (12.9)
13 (5.4)
234 (97.5)
6 (2.5)
130 (0-850)
160 (66.7)
80 (33.3)
32 (13.3)
15 (6.3)

ATA, American Thyroid Association; RAI, radioactive
iodine.

4. Statistical analysis
Overall survival (OS) was calculated from the date of
diagnosis to the date of death or final follow-up. Relapse-free
survival (RFS) was defined from the date of first surgery
until tumor progression, death, or end of follow-up. KaplanMeier methodology was used to estimate survival probabilities, which were expressed as the mean with the range and
two-sided 95% confidence interval (CI) and compared
between two or more groups of patients using the log-rank
test. Differences between the clinicopathologic characteristics
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0%
0%
0%
0.4%
71.3%
0%
79.2%

Mutation

KRAS G12
KRAS G13
KRAS Q61
PIK3CA E542
PIK3CA E545
PIK3CA H1047
BRAF V600

B
0%
0.4%
1.3%
0.8%
0%
7.1%
10.0%

Fusion

EML4-ALK (E13-ins69 A20)
TMP3-NTRK1 (T7-N10)
ETV6-NTRK3 (E4-N14)
ETV6-NTRK3 (E5-N15)
PAX8-PPARG (P10-P2)
RET exon12 fusion
RET 3’/5’ ratio

Fig. 1. Kaplan-Meier curves of relapse-free survival according to tumor stage and risk stratification. (A) Relapse-free survival
of papillary thyroid carcinoma (PTC) patients according to American Joint Committee on Caner/Tumor-Nodes-Metastasis
(AJCC/TNM) stage. (B) Relapse-free survival of PTC patients according to American Thyroid Association risk stratification.

of patients with high-risk PTC and various genetic alterations
were evaluated using either Pearson’s chi-squared test or
Fisher exact test. A two-sided p-value < 0.05 was considered
statistically significant. All analyses were performed using
SPSS ver. 18.0 (SPSS Inc., Chicago, IL).

Results
1. Clinicopathological characteristics of the high-recurrence
risk PTC group
Among 855 patients with PTC whose data were obtained
from January 2004 to August 2008, 240 (28.1%) had pathological stage T3/4 or N1. These patients were designated as
the high-recurrence risk PTC group. The general characteristics of the study population are summarized in Table 1. The
median patient age was 46 years, and 73% were female. Total
or subtotal thyroidectomy was performed on 236 patients
and 175 patients, respectively, with neck dissection of the
involved compartments performed for clinically apparent or
biopsy-proven lymph node metastasis. Four patients under-

went dissection of deep cervical lymph nodes. All but three
patients (i.e., 237 of 240) received postoperative radioactive
iodine ablation therapy.
2. BRAF, RAS, and PIK3CA mutations
To detect the BRAFV600E mutation, exon 15 of BRAF was
sequenced. The BRAFV600E mutation was observed in 190 of
240 patients (79.2%). No KRAS mutation was detected at G12
or G13 in exon 2 or Q61 in exon 3. PIK3CA mutations were
found in 172 patients (71.7%), with one (0.4%) E542K and 24
(10%) E545A mutations in exon 9; however, no mutation was
noted at H1047 in exon 20. We identified 138 patients (57.7%)
with concomitant BRAFV600E and PIK3CAE545A mutations
(Fig. 1).
3. Gene fusions
RET fusions, which were the most frequent mutations,
were detected in 24 patients (10.0%). Among these, 17
patients (7.1%) had an RET exon 12 fusion with CCDC6,
NCOA4, or PRKAR1A. ETV6-NTRK3 fusions were found in
five patients (2.1%), three with ETV6-NTRK3 (E4-N14) fusion
(1.3%), and two with ETV6-NTRK3 (E5-N15) fusion (0.8%).
VOLUME 49 NUMBER 4 October 2017
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Table 2. Concomitant existence of genetic alterations
Variable
No genetic alteration
One genetic alteration
Two genetic alterations
Three genetic alterations
Total patients

Patient

Recurrence

Deaths

33 (13.7)
171 (71.3)
34 (14.2)
2 (0.8)
240 (100)

8 (3.3)
21 (8.8)
3 (1.3)
0(
32 (13.3)

2 (0.8)
12 (5.0)
1 (0.4)
0(
15 (6.3)

Values are presented as number (%).

Table 3. Relationships of RET fusion gene arrangement with variables
RET fusion
Variable
Age (yr)
< 45
 45
Sex
Male
Female
N stage
N1a
N1b
RET
Fusion (+)
Fusion (–)
BRAF
Mutation (+)
Mutation (–)
PIK3CA
Mutation (+)
Mutation (–)
NTKR1/3
Fusion (+)
Fusion (–)

Negative
(n=216)

Positive
(n=24)

94 (43.5)
122 (56.5)

16 (66.7)
8 (33.3)

57 (26.4)
159 (73.6)

BRAF mutation
Negative
(n=50)

Positive
(n=190)

0.031*

28 (56.0)
22 (44.0)

82 (43.2)
108 (56.8)

0.105

8 (33.3)
16 (66.7)

0.468

13 (36.0)
37 (74.0)

52 (27.4)
138 (72.6)

0.846

132 (61.1)
84 (38.9)

7 (29.2)
17 (70.8)

0.003*

26 (52.0)
24 (48.0)

113 (59.5)
77 (40.5)

0.341

-

-

-

11 (22.0)
39 (78.0)

13 (6.8)
177 (93.2)

0.001*

177 (81.9)
39 (18.1)

13 (54.2)
11 (45.8)

0.001*

-

-

-

152 (70.4)
64 (29.6)

19 (79.2)
5 (20.8)

0.366

33 (66.0)
17 (34.0)

138 (72.6)
52 (27.4)

0.357

6 (2.8)
210 (97.2)

0(
24 (100)

> 0.990

2 (4.0)
48 (96.0)

4 (2.1)
186 (97.9)

0.607

p-value

p-value

Values are presented as number (%). *p < 0.05.

TMP3-NTRK1 (T7-N10) fusion was found in one patient
(0.4%). No EML4-ALK or PAX8-PPAR fusions were
detected. All fusions were mutually exclusive.

(Table 2). Both patients with PTC that had three events had
concomitant BRAF mutation, PIK3CA mutation, and RET
fusion.

4. Prevalence of genetic alterations

5. Associations between genetic alterations and patient
clinical characteristics

Among the 240 patients, 207 (86.3%) showed at least one
genetic alteration. A total of 36 patients (15%) had two or
more concomitant mutational events, with 34 (14.2%) having
two events, and two patients (0.8%) having three events
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PTCs harboring BRAFV600E mutations were associated with
RET wild-type expression (p=0.001). RET fusion genes have
been found to occur with significantly higher frequency in
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A

B

AJCC/TNM stage

ATA risk stratification
1.0

Relapse-free survival

Relapse-free survival

1.0

0.8

N1a (n=139, 57.9%)
N1b (n=101, 42.1%)

0.6

0.8

Intermediate risk (n=219, 91.3%)
High risk (n=21, 8.8%)

0.6

Log-rank p=0.001

0

2

4
6
8
Years after surgery

Log-rank p=0.091

10

12

0

2

4
6
8
Years after surgery

10

12

Fig. 2. Mutations and fusions in high-risk papillary thyroid carcinoma. Heatmap of mutations (A) and fusions (B) found in
240 papillary thyroid carcinoma samples. The percentage of mutation and fusion incidence is noted at the left. The horizontal
axis represents the complete dataset of patients. AJCC, American Joint Committee on Cancer; ATA, American Thyroid
Association.

A

B
1.0

Overall survival

Relapse-free survival

1.0

0.8
No genetic alteration
One genetic alteration
Two genetic alterations
Three genetic alterations

0.6

0.8
No genetic alteration
One genetic alteration
Two genetic alterations
Three genetic alterations

0.6

Log-rank p=0.198

0

2

4
6
8
Years after surgery

Log-rank p=0.879

10

12

0

2

4
6
8
Years after surgery

10

12

Fig. 3. Impact of genetic alteration pattern on survival. (A) Relapse-free survival. (B) Overall survival. A Kaplan-Meier curve
is presented according to the presence or absence of genetic alterations. Statistical analysis revealed no difference in recurrence-free probability among patients with no genetic alteration, one genetic alteration, two genetic alterations, or three
genetic alterations.

patients aged  45 years (p=0.031). However, no significant
correlation was found with other genetic alterations (Table 3).
6. Survival
The overall median follow-up time was 95.8 months
(range, 0.9 to 130.4 months) after initial treatment. During
the follow-up period, 32 patients (13.3%) experienced relapse
and 15 (6.3%) died (Table 1). There were significant differ-

ences in RFS between the two stage categories of the American Joint Committee on Cancer/Tumor-Nodes-Metastasis
(AJCC/TNM) stage categorization system (hazard ratio
[HR], 0.3; 95% CI, 0.15 to 0.63) (Fig. 2A). In addition, there
was a trend toward short RFS in the high-risk patient group
relative to the intermediate-risk groups as defined by American Thyroid Association (ATA) risk stratification (HR, 0.3;
95% CI, 0.08 to 1.19) (Fig. 2B). To determine if concomitant
genetic alterations were associated with poor clinical outVOLUME 49 NUMBER 4 October 2017
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come, we analyzed the RFS or OS of patients with concomitant alterations versus those who had only one or no alteration. Kaplan-Meier analysis revealed no significant differences in RFS or OS among patients with no alterations, a single alteration, two alterations, and three alterations, although
patients with no genetic alterations had shorter RFS than
those with more than one genetic alteration (Fig. 3).

Discussion
Focusing on favorable prognosis of PTC, we examined a
specific group of thyroid carcinomas with high recurrence
risk and analyzed mutation status and gene fusions from a
cohort of 240 patients. We found the simultaneous presence
of BRAF and PIK3CA mutation in 20 patients (8.3%).
Although concomitant genetic alterations occurred frequently in patients with high-recurrence risk PTC, these had
no significant effect on clinical outcome.
The occurrence of BRAFV600E mutation in PTC has been
extensively investigated. The frequency of BRAFV600E mutation in PTC varies from 18% to 90% in reported studies. A
majority of the patients in our cohort (79.2%) had the
BRAFV600E mutation, which is consistent with populations
presented in the literature [9,19-21]. However, the prognostic
value of the BRAFV600E mutation in PTC remains controversial. Several studies have found an association between
BRAFV600E mutation and poor prognosis [10,22]. However, in
other studies, the presence of BRAFV600E did not always seem
to be associated with disease recurrence or mortality [23]. In
the present study, the association between BRAFV600E and
poor prognosis could not be validated because of the
extremely high rate of the BRAFV600E mutation and the high
prevalence of concomitant genetic alterations in our cohort.
The frequency of RAS mutation in thyroid cancer varies
according to tumor cell origin, ranging from 0% to 57% [24].
Although RAS mutations are the second most commonly
identified genetic alteration in thyroid cancer, they are primarily found in follicular-patterned tumors. In this study,
KRAS mutation was not detected, suggesting that follicular
variants of PTC may not have been included in our cohort.
The PIK3CA mutation has been examined in various differentiated thyroid cancers but has been found to be uncommon in this type of cancer [13]. Mutation in PIK3CA has
mainly been found in poorly differentiated thyroid cancer or
anaplastic thyroid cancer [25]. Of note, we observed a high
incidence (10%) of PIK3CA mutation in high-recurrence risk
PTC. Although COSMIC data showed that the most common
PIK3CA hotspot mutation in PTC is PIK3CAE542K in exon 9,
we found only one patient with that mutation. Instead, 24 of

912

CANCER RESEARCH AND TREATMENT

240 patients (10%) had PIK3CAE545A in exon 9. This mutation
has been reported in follicular thyroid carcinoma and the
cribriform-morular variant of PTC [26]. The PIK3CAE545A
mutation has been reported to induce AKT phosphorylation
and possesses strong oncogenic potential in thyroid cancer
[26]. Further research is necessary to determine the clinical
significance of the PIK3CAE545A mutation in high-recurrence
risk PTC. To date, several PI3K inhibitors have been developed and are being actively employed in clinical trials for a
variety of solid tumors. Unfortunately, no specific predictive
biomarker associated with these agents has been validated.
This study is unique in that it identified diverse translocation partners of known oncogenes, namely RET, NTRK1/3,
ALK, and PPAR, using a gene fusion detection assay. RET
fusions were detected in 24 patients (10%), and NTRK1/3
fusions were found in six patients (2.5%). Rearrangements of
RET are common in PTC and have been shown to play a role
in disease pathogenesis. There are 13 different types of RET
fusion, as determined by the types of partner genes, the most
common being RET/PTC1 (CCDC6-RET) and RET/PTC3
(NCOA4-RET) [4]. These rearrangements result in constitutive tyrosine kinase activity of RET and activate the MAPK
and PI3K-AKT pathways. To date, two multi-kinase
inhibitors with RET tyrosine kinase inhibitor activity, vandetanib and cabozantinib, have been approved for the treatment of locally advanced and metastatic medullary thyroid
carcinoma, and trials of additional multi-kinase inhibitor in
thyroid cancers are in progress [27].
Consistent with previous studies [14,16], we observed a
2.5% incidence of NTRK1 and NTRK3 fusion in high-recurrent risk PTC. Several NTRK inhibitors, including AZD7451,
LOX-101, and RXDX-101, have been developed, and early
phase clinical trials are ongoing (ClinicalTrials.gov identifiers
NCT02576431, NCT02097810, and NCT02568267). These
gene rearrangements were mutually exclusive, but concomitant with other mutations. In advanced thyroid cancer, multiple genetic alterations may occur in different parts of the
tumor, resulting in concomitant alterations. Concomitant
subclonal genetic alterations, which are involved in tumor
progression, were found in PTC [28,29]. Further studies are
needed to determine the significance of these concomitant
genetic alterations.
Thirty-three samples in our cohort had no detectable alteration in any genes analyzed. Given that potential limitations
may exist with respect to the sensitivity of the detection
method used, and that only potentially actionable genetic
abnormalities were analyzed, it is uncertain whether these
represent false- or true-negatives. Although no statistically
significant differences were observed in RFS and OS in
patients without any genetic abnormalities compared to
those with genetic aberrations, there was a trend toward
shorter RFS in this group, suggesting the existence of other
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undetected genetic alterations.
In conclusion, we found two or three concomitant genetic
alterations in 36 patients. These results indicate intratumoral
heterogeneity or multiclonal origins in the tumors. However,
these concomitant genetic alterations did not affect RFS or
OS, suggesting that the presence of multiple genetic alterations is not an indicator of tumor malignancy or of poor

prognosis in high-recurrence risk PTC. Additional studies
are necessary to identify genetic drivers in high-recurrence
risk PTC patients lacking oncogenic alterations.
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Preclinical Studies

Purpose
Patient-derived tumor xenografts (PDXs) can provide more reliable information about tumor
biology than cell line models. We developed PDXs for epithelial ovarian cancer (EOC) that
have histopathologic and genetic similarities to the primary patient tissues and evaluated
their potential for use as a platform for translational EOC research.
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Materials and Methods
We successfully established PDXs by subrenal capsule implantation of primary EOC tissues
into female BALB/C-nude mice. The rate of successful PDX engraftment was 48.8% (22/45
cases). Hematoxylin and eosin staining and short tandem repeat analysis showed histopathological and genetic similarity between the PDX and primary patient tissues.
Results
Patients whose tumors were successfully engrafted in mice had significantly inferior overall
survival when compared with those whose tumors failed to engraft (p=0.040). In preclinical
tests of this model, we found that paclitaxel-carboplatin combination chemotherapy significantly deceased tumor weight in PDXs compared with the control treatment (p=0.013).
Moreover, erlotinib treatment significantly decreased tumor weight in epidermal growth factor receptor–overexpressing PDX with clear cell histology (p=0.023).
Conclusion
PDXs for EOC with histopathological and genetic stability can be efficiently developed by
subrenal capsule implantation and have the potential to provide a promising platform for
future translational research and precision medicine for EOC.

*A list author’s aliations appears at the end
of the paper.
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Introduction

Materials and Methods

Despite increasing evidence showing that targeted therapy
against the molecular drivers of cancer has the potential to
improve the survival of cancer patients [1], standard therapy
with a “one size fits all” strategy involving cytoreductive surgery and platinum/taxane-based chemotherapy is still being
used in patients with advanced epithelial ovarian cancer
(EOC) without consideration of molecular phenotype or biomarkers [2]. Accordingly, new therapeutic strategies for precision medicine are urgently needed in EOC in particular
because of the severity of the disease and its clinical heterogeneity.
Currently, experimental cancer therapy has primarily
involved evaluation of drugs using human cancer cell lines
in vitro and their xenograft models. However, because established cancer cell lines have irreversibly lost important biological properties of their original organ site, the cell lines
and their xenograft models do not exactly reflect the original
phenotypic or genomic characteristics of various cancer
types [3,4]. In contrast to cell lines and their xenografts,
patient-derived xenografts (PDXs) can be established directly
from a patient’s tumor tissue without prior in vitro culture
by immediately transplanting tumor tissue excised at the
time of surgery into immunodeficient mice. Because they can
accurately recapitulate the complexity and heterogeneity of
the patient’s tumor, PDX models can be considered powerful
tools for preclinical studies of targeted therapeutic strategies
that narrow the gap between laboratory bench discoveries
and clinical translation [2]. The value of PDX is emphasized
in precision medicine for cancer types with a heterogeneous
nature. PDX models have been applied to preclinical drug
testing and biomarker identification in several cancers,
including breast, lung, pancreatic, brain, and colon cancers
[5].
Recent studies of EOC have reported various conditions
and approaches for the development of PDX models, either
orthotopically using intraperitoneal (IP) and intra-ovarian
bursa methods, or nonorthotopically using subrenal capsule,
subcutaneous (SQ), and mammary fat pad (MFP) methods.
These studies have resulted in varied success rates and
genomic or phenotypic similarities [2]. Two previous studies
suggested that PDXs might be successfully developed via a
subrenal implantation method [6,7], although they did not
perform molecular testing. The present study was designed
to develop a PDX model for EOC with pathological and
molecular similarities to the primary patient tissue using a
subrenal implantation method and apply this model to preclinical drug testing.

1. Patients and tissue specimens
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Tumor samples from patients with EOC were taken from
fresh surgical specimens immediately after primary or secondary debulking surgery at the Department of Obstetrics
and Gynecology, Samsung Medical Center, Seoul, Korea
between May 2011 and March 2014. This study was conducted with the Samsung Medical Center Institutional
Review Board approval (IRB File No. 2009-09002) and carried
out in accordance with the approved guidelines and regulations. All patients provided written informed consent
authorizing the collection and use of tissues for study purposes. Clinical information was obtained from medical
records, including age, stage, cell type, grade, optimality,
response to chemotherapy, recurrence, and survival. Tumors
were classified as EOC according to World Health Organization criteria based on examination by gynecologic pathologists. Patients with histologically confirmed invasive
epithelial ovarian, peritoneal, or fallopian tube cancer were
eligible for inclusion. Patients with borderline ovarian cancer, mesenchymal tumor, sex-cord stromal tumor, germ cell
tumor, and Krukenberg tumor were ineligible for this study.
Overall survival (OS) was defined as the time between histologic diagnosis and death or last follow-up. Progressionfree survival (PFS) was defined as the time between histologic diagnosis and first progression or recurrence, death as a
result of disease, or last follow-up. Platinum resistance was
defined as less than 6 months of platinum-free interval. Date
of first progression was determined based on cancer antigen
125 levels and imaging results according to the Response
Evaluation Criteria in Solid Tumors guideline ver. 1.1 [8].
Surgical outcome was categorized as no residual disease,
optimal (< 1 cm), or suboptimal ( 1 cm).
2. Establishment of PDX model using subrenal implantation
Fresh tissues from consenting patients with ovarian cancer
were collected at the time of debulking surgery at Samsung
Medical Center, Seoul. Frozen sections were first analyzed
by a pathologist to make the diagnosis of cancer. More than
3 cm3 of non-necrotic beside cancer tissue was obtained by
clinical staff in the gynecology oncology department. Female
BALB/c nude mice were purchased from Orient Bio (Seongnam, Korea). Within 2 hours of removal of tissues in the
operating room, patient tumor specimens were reduced into
small pieces (less than 2-3 mm), implanted into the subrenal
capsule of the left kidney of mice (n=5 per tumor sample),
and propagated by serial transplantation [6] (S1 video clip).
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All procedures, including tumor implantation and measurement of tumor size, were performed by one researcher
(Y.J.C.). The mice used in these experiments were 6-8 weeks
old and were monitored daily for tumor development. When
the tumors reached approximately 2 cm at the grafted site or
the mice became moribund, the animals were euthanized
and the tumors were collected. These samples were considered tumorigenic and designated “M1.” Tumorigenic samples were serially passaged in vivo to generate “M2” PDX
tumors. We recorded body weight, tumor weight, and number of tumor nodules. Tumors from PDXs were fixed in formalin and embedded in paraffin or snap-frozen in OCT
compound (Sakura Finetek Japan, Tokyo, Japan) in liquid
nitrogen. This study was approved by the Institutional Animal Care and Use Committee of the Samsung Biomedical
Research Institute, which is an accredited facility of the
Association for Assessment and Accreditation of Laboratory
Animal Care International (protocol No. H-A9-003) and carried out in accordance with the guidelines approved in the
Institute of Laboratory Animal Resources Guide. The success
of PDXs was defined as the development of tumor in mice
within 12 months of initial implantation.
3. Histologic examination
To compare histopathologic features of tumor tissues,
hematoxylin and eosin (H&E) staining was performed on all
paraffin blocks from tissue samples obtained from the primary patient tumor and PDX tumor. All microscopic observations and comparisons were performed by two gynecologic pathologists (S.Y.S. and Y.-L.C.).
4. Short tandem repeat
Short tandem repeat (STR) analysis was performed at 16
loci on different chromosomes as previously described [9] to
verify that the PDX samples analyzed were derived from
each patient. Target DNA (10 ng) was amplified by multiplex
polymerase chain reaction (PCR) using fluorescent dyelinked primers for the 16 loci: 13 autosomal STR loci
(CSF1PO, D3S1358, D5S818, D7S820, D8S1179, D13S317,
D16S539, D18S51, D21S11, FGA, TH01, TPOX, and vWA);
two additional STR loci, D2S1338 and D19S433, and the
amelogenin locus. Amplification was performed using an
AmpFlSTR Identifiler PCR Amplification Kit (Applied
Biosystems, Foster City, CA) according to the manufacturer’s
instructions. PCR products generated were mixed with an
internal size standard (GS-500 LIZ, Applied Biosystems),
electrophoresed on an ABI 3130xL Genetic Analyzer
(Applied Biosystems), and analyzed with the GeneMapper
4.0 software using the supplied allelic ladders (Applied
Biosystems).

5. Western blot analysis
Immunoblotting was performed using a 1:1,000 dilution of
anti–epidermal growth factor receptor (EGFR) antibody
(#2646, Cell Signaling Technology, Beverly, MA) or a 1:3,000
dilution of anti–-actin antibody (Santa Cruz Biotechnology,
Santa Cruz, CA) and horseradish peroxidase–conjugated
anti-rabbit or anti-mouse secondary antibody. Bands were
visualized with an enhanced chemiluminescence kit (Amersham Biosciences, Buckinghamshire, UK) according to the
manufacturer’s protocols.
6. Combination chemotherapy with paclitaxel and carboplatin in a PDX model
The PDXs (OV-41-M3) were used to test for response to
combination chemotherapy with paclitaxel and carboplatin
as used in clinical practice as a standard adjuvant regimen.
The patient corresponding to the OV-41 sample was a
70-year-old woman who had stage IIIC, high-grade serous
EOC. We treated the PDXs (OV-41-M3) for 3 weeks (on days
1, 8, and 18) starting 3 months after the implantation of
xenograft tissues. Paclitaxel (15 mg/kg, BMS, Princeton, NJ)
and carboplatin (50 mg/kg, Hospira, Chicago, IL) were
administered intraperitoneally to the mice. Paclitaxel was
administered 30 minutes prior to carboplatin. All drugs were
administered as 0.9% saline solutions in a volume of 200 µL
[10]. The mice used in these experiments were 6-8 weeks old.
The mice (n=5 per group) were monitored daily for tumor
development and response to treatment and any that
appeared moribund were sacrificed.
7. EGFR inhibitor therapy in clear cell carcinoma cell line
and PDX models
RMG1 cells were purchased from the JCRB cell bank
(JCRB, Osaka, Japan) and maintained in complete media
(Ham’s F12) supplemented with 10% fetal bovine serum and
0.1% gentamicin sulfate (Gemini Bioproducts, Calabasas,
CA) in 5% CO2 at 37°C. Among the PDXs, we selected two
models, OV-64 and OV-68, from patients with clear cell carcinoma histology. The mice were treated with erlotinib (25
mg/kg, Selleckchem, Boston, MA) by IP injection three times
a week as previously described [11] starting 1 month after
RMG1 injection or 4 months after the implantation of
xenograft tissues. The mice used in these experiments were
6-8 weeks old. Mice (n=10 per group) were monitored daily
for tumor development and response to treatment and were
sacrificed when any appeared moribund. We recorded body
weight, tumor weight, and number of tumor nodules. Tumors
were fixed in formalin and embedded in paraffin or snapfrozen in OCT compound (Sakura Finetek Japan) in liquid.
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Table 1. Clinicopathological characteristics of study patients according to engraftment status
Characteristic
No. of patients
Age at collection (yr)
Cell type
Serous
Clear cell
Timing of surgery
Primary
Recurrent
Stagea)
I
II
III
IV
Gradea)
I
II
III
Optimalitya)
No gross residual disease
Optimal (< 1 cm)
Suboptimal ( 1 cm)
Platinum responsea)
Resistant
Sensitive

Total

Engrafted

Failed

p-value

45 (100)
52.76±9.48

22 (48.8)
53.68±10.18

23 (51.1)
51.87±8.90

0.528

41 (91.1)
4 (8.9)

20 (90.0)
2 (9.1)

21 (91.3)
2 (8.7)

> 0.999

40 (88.9)
5 (11.1)

18 (81.8)
4 (18.2)

22 (95.7)
1 (4.3)

0.187

1 (2.5)
2 (5.0)
30 (75.0)
7 (17.5)

0(
0(
15 (83.3)
3 (16.7)

1 (4.5)
2 (9.1)
15 (68.2)
4 (18.2)

0.598

1 (2.5)
8 (20.0)
31 (77.5)

0(
6 (33.3)
12 (66.7)

1 (4.5)
2 (9.1)
19 (86.4)

0.110

22 (48.9)
12 (26.7)
11 (24.4)

10 (45.5)
9 (40.9)
3 (13.6)

12 (52.2)
3 (13.0)
8 (34.8)

0.075

13 (28.9)
32 (71.1)

10 (45.5)
12 (54.5)

3 (13.0)
20 (87.0)

0.023

Values are presented as number (%) or mean±standard deviation. a)Clinical data including stage, grade, optimality, and platinum response were analyzed for patients who underwent primary debulking surgery (n=40).

A

0.8

0.8

0.6
0.4
p=0.210

0.2
0

B

1.0
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Fig. 1. Progression-free survival (A) and overall survival (B) of epithelial ovarian cancer patients according to the engraftment
status of their patient-derived tumor xenografts using Kaplan-Meier plots and the log-rank test. Patients whose tumors successfully engrafted in mice had significantly inferior overall survival (p=0.040) and a trend of inferior progression-free survival (p=0.210).
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8. Statistical analysis
The chi-squared or Fisher exact test was performed for
comparisons between engraftment status and patient characteristics. OS and PFS according to engraftment status were
assessed using Kaplan-Meier curves and the log-rank test.
To adjust for clinical significantly prognostic variables, the
Cox proportional hazards model was used for multivariate
analysis of PFS. OS was not analyzed using the Cox proportional hazards model because of the extremely small number
of death events (three patients). The SPSS software package
ver. 18.0 (SPSS Inc., Chicago, IL) was used for all statistical
analyses. A p-value of  0.05 was considered to indicate significance, and all p-values were two-sided.

cytologic atypia in all PDXs according to pathologic subtype
(Fig. 2A). However, we found quite different histologic features in PDX tissues compared with tissues of cell line
xenografts. Specifically, PDX tissues for serous histology
showed papillary projection and stromal tissues, while those
for clear cell histology had clear cytoplasm similar to the
patient tissues, whereas these features were not seen in the
corresponding cell line xenografts (HeyA8 and RMG1
respectively) (Fig. 2B).
We conducted quality control testing of the genomic status
of the PDXs and the original patient tissues. STR analysis was
performed at 15 loci on different chromosomes to verify that
the PDXs were derived from each patient’s primary tissue
(S2 Table). The banding patterns for primary patient tissue
and PDXs were almost identical.
3. Representative example of a PDX model

Results
1. Establishment of EOC PDXs and their clinicopathological characteristics
Surgical specimens were collected from 45 patients with
EOC. In vivo tumorigenicity was defined as the development
of tumor in mice within 12 months of initial implantation. Of
the 45 patient samples implanted, 22 were successfully
engrafted in mice to create PDX models (engraftment rate,
48.8%). The median duration of first generation of PDX
development (M1) from initial implantation of patient tissues
was 5.3 months (range, 1.9 to 12.0 months). Baseline clinicopathologic characteristics of the patients according to generation of PDX models are shown in Table 1. We analyzed the
association between PDX formation and the clinical characteristics of the corresponding EOC patients. Patients whose
tumors successfully engrafted in mice had significantly inferior OS (p=0.040) and a tendency toward inferior PFS
(p=0.210) (Fig. 1). The platinum-resistant group had a strong
association with successful engraftment compared with the
sensitive group (p=0.023; hazard ratio [HR], 5.55; 95% confidence interval [CI], 1.27 to 24.29). However, with the exception of platinum response, there was no significant correlation
between the in vivo tumorigenic potential and other clinical
factors, including age, histological type, tumor grade, stage,
timing of surgery, and optimality of primary debulking surgery (Table 1).
2. Histopathologic and genetic stability
A comparison of the H&E staining of primary patient tissue and PDXs after each passage revealed a similar architectural pattern of nesting configuration and comparable

Fig. 3 shows a representative case of EOC with high-grade
serous type, which is the most common and refractory pathologic subtype. The duration of development of PDX from
implantation to the next passage was relatively consistent,
ranging from 5 to 6 months. H&E staining showed that the
morphology and tissue architecture were preserved (Fig. 3A).
STR (Fig. 3B) conducted for validation of the PDX model
indicated that the original patient tumor and the PDX tumor
had identical genetic characteristics. These data suggest that
EOC PDXs derived using this approach can represent the
original tumors.
4. Validation of the effect of paclitaxel-carboplatin combination chemotherapy in a PDX model
Combination chemotherapy with paclitaxel and carboplatin is still the standard regimen for EOC treatment, with
an 80% response rate in the primary adjuvant setting. Therefore, we performed experiments to test for the response to
combination therapy in the EOC PDXs model for high-grade
serous ovarian carcinoma (OV-41). Paclitaxel-carboplatin
chemotherapy significantly decreased the tumor weight in
PDXs (OV-41-M3) compared with the phosphate buffered
saline control (p=0.008) (Fig. 4). The patient corresponding
to the OV-41 PDXs model had undertaken primary debulking surgery, after which he achieved no residual cancer.
The patient received six cycles of adjuvant combination
chemotherapy with paclitaxel and carboplatin, showed complete remission upon computed tomography scan after three
cycles of combination chemotherapy, and was alive with no
evidence of disease after a follow-up period of 18 months.
Therefore, the patient-specific response to standard treatment could be reproduced in the PDXs model.
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A
Patient

M1

M2

M3

HeyA8 cell

PDX-serous

RMG1 cell

PDX-clear cell

OV-40
serous

OV-64
CCC

B

×100

×200

Fig. 2. Histopathologic comparison between patients’ primary tumors and their patient-derived tumor xenografts (PDXs)
tumors (H&E staining, 100) revealed a similar architectural pattern of nesting configuration and comparable cytologic
atypia. (A) A representative case of serous carcinoma (upper panel, OV-40) and clear cell carcinoma (CCC; lower panel,
OV-64). Histopathologic comparison between cell line xenografts and PDXs (H&E staining; upper panels, 100; lower panels, 200) revealed a similar architectural pattern of nesting configuration and comparable cytologic atypia. (B) Comparison
between the HeyA8 cell-line xenograft and PDXs of serous carcinoma (left panel), and the RMG1 cell-line xenograft and
PDX of clear cell carcinoma (right panel).

5. Therapy experiments of EGFR inhibitor in the PDXs of
clear cell carcinomas
In a recent report, among different EOC histologies, clear
cell carcinoma showed activation of EGFR as a distinct signaling network compared to serous or endometrioid types
[12]. Therefore, we tested the efficacy of the EFGR inhibitor
in the cell line and PDX model for clear cell carcinoma. Meas-
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urement of baseline expression of EGFR protein using western blotting in EOC cell lines (ES2, RMG1, OVMANA, and
OVSAHO) and PDXs tissues (OV-64 and OV-68) of the clear
cell type showed that ES2, RMG1, OVMANA, and PDXs
(OV-68) cells expressed EGFR protein. In an orthotopic cell
line xenograft model of RMG1, which had the strongest
expression of EGFR, treatment with the EGFR inhibitor
erlotinib significantly decreased tumor weight compared
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Fig. 3. Validation of histopathologic and genetic stability of patient-derived tumor xenografts (PDXs) compared with primary
tumors in a representative case of epithelial ovarian cancer with high-grade serous carcinoma. (A) H&E staining showed
that morphology and tissue architecture were preserved. (B) Short tandem repeat analysis for 15 loci on different chromosomes showed almost identical banding patterns between PDXs and primary patient’s tumor.

with the control (p=0.029) (Fig. 5A). Moreover, erlotinib significantly decreased tumor weight in the OV-68 PDXs model,
which also strongly expressed EGFR compared with the control (p=0.023). In contrast, the OV-64 PDXs model with relatively low expression of EGFR did not show the erlotinib
effect (Fig. 5B).

Discussion
Different sites of implantation in the mouse including SQ,
IP, the orthotopic intra-ovarian bursa, and the subrenal capsule have been tested to establish PDXs of EOCs. Both orthotopic and heterotopic ovarian PDX models have reported
similar histology, genetic and molecular expression profiles,
and overall tumor phenotype to that of the primary patient
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OV-41

PDX
(OV-41-M1)

PDX
(OV-41-M2)

PDX
(OV-41-M3)

A
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Cancer
Vagina

Paclitaxel+Carboplatin
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B
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p=0.008

Tumor weight (g)
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2

1

0
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PDX
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kidney

Control

Paclitaxel+Cisplatin

PDX

Fig. 4. Effect of combination paclitaxel-carboplatin chemotherapy in patient-derived tumor xenografts (PDXs) model. (A)
Diagram of the experimental design. A PDXs model of high-grade papillary serous ovarian cancer (OV-41) was generated
and serially passaged in vivo to up to M3 PDXs (OV-41-M3). The PDXs were treated intraperitoneally with combination
chemotherapy. (B) The tumor weight of PDXs that received combination chemotherapy was significantly decreased relative
to phosphate buffered saline–treated controls (p=0.008).

922

CANCER RESEARCH AND TREATMENT

Eun Jin Heo, Patient-Derived Xenograft Models for Epithelial Ovarian Cancer

A

RMG1
p=0.029

EGFR
β-Actin

Tumor weight (g)

RM
G1
OV
M
AN
OV A
SA
HO

ES
2

1.0
0.8
0.6
0.4
0.2
0

OV-64

OV-68

Control

Erlotinib

Control

Erlotinib

B

OV-64
7

EGFR
Tumor weight (g)

6

β-Actin

5
4
3
2
1
0

Normal
kidney

PDX

Control

Normal
kidney

Erlotinib

Control

PDX

Erlotinib

OV-68
p=0.023

Tumor weight (g)

1.25
1.00
0.75
0.50
0.25
0

Normal
kidney

PDX

Normal
kidney

Control

Erlotinib

PDX

Fig. 5. Effect of epidermal growth factor receptor (EGFR) inhibitor (erlotinib) on cell line xenografts and patient-derived
tumor xenografts (PDXs) of clear cell carcinoma. (A) EGFR protein expression was variable in ovarian cancer cell lines of
clear cell carcinoma. In xenografts of RMG1, which had the strongest expression of EGFR, erlotinib significantly decreased
the tumor weight relative to the control (p=0.029). (B) PDXs of OV-64, which had low EGFR expression, did not show the
erlotinib effect. In PDXs of OV-68, which had strong EGFR expression, erlotinib significantly decreased the tumor weight
compared with the control (p=0.023).
VOLUME 49 NUMBER 4 October 2017

923

Cancer Res Treat. 2017;49(4):915-926

tumor [13]. For EOCs, engraftment rates has been reported
to be 25%-95% depending on the cell type and method [6,1417] and growth usually takes 4-8 months [18]. In the present
study, we obtained an engraftment rate of 48.6% (22/45
cases) using the subrenal implantation method as previously
described [6] in female BALB/c nude mice and the median
time to development of the first generation in mice was 5.3
months (range, 1.9 to 12.0 months).
According to recent reports for the development of PDX,
EOCs reportedly have high engraftment rates of 74% [17] to
85% [16] or low rates of 25% [15] to 40% [19]. There are several possible factors responsible for this wide range of successful engraftment, including (1) quality of patient tumor
tissues, including size of tissues, tumor percent in samples,
and the portion of necrosis in tumors; (2) location of implantation site (SQ, IP, orthotopic intra-ovarian bursa, or subrenal
capsule); and (3) type of immuno-deficient mice (nude or
NOD/SCID). Moreover, the lag of physical time from collecting tissues during surgery to implanting in mice is
another important factor influencing successful implantation. The location of implantation and type of immuno-deficient mice are also important to the PDX engrafting rate.
Dobbin et al. [13] compared the rate based on the location of
implantation as SQ, MFP, IP, and subrenal capsule in SCID
mice. They reported a PDX engraftment rate of 85.3% SQ,
63.64% MFP, 22.2% IP, and 8.3% in the subrenal capsule [13].
However, Lee et al. [6] reported an engraftment rate of more
than 95% following subrenal capsule implantation into SCID
mice. Moreover, Topp et al. [16] reported an 83% engraftment rate by SQ and intrabursa fat pad implantation into
SCID mice, while Weroha et al. [17] reported a 75% engraftment rate by IP implantation into SCID mice, Zhu et al. [19]
reported a 40% engraftment rate by ovarian capsule implantation into nude mice and Ricci et al. [15] reported a 25%
engraftment rate by SQ and IP implantation into nude mice.
We initially attempted to implant tumor tissues to various
routes including SQ, IP, the intrabursa fat pad, and the subrenal area in a pilot study (data not shown) and found that
subrenal implantation was the most successful and easiest
method for this model.
The type of immuno-deficient mice can also affect the
engraftment rate of PDX. A better engraftment rate could
probably be achieved by implanting tumor tissues into SICD
or NOD-SCID-IL2R mice, rather than BALB/c nude mice
[16,17]. In the present study, we used BALB/c nude mice for
the PDX model because these are less expensive than SICD
or NOD-SCID-IL2R and we did not find large differences
in the success rate between the two types of mice through
our pilot test.
Preclinical models to predict those patients who will benefit from targeted therapy are imperative to implementation
of effective precision therapy strategies. Although the utility
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of PDX models is still being evaluated, it has been reported
that PDX tumors show preservation of cytogenetics, cellular
complexity, and glandular, vascular, and stromal architecture compared to the primary patient tumor [20,21]. Furthermore, genetic stability between PDXs and the primary
patient tumor was demonstrated [7,13,17]. In the present
study, a quality control process using H&E staining and STR
testing showed highly similar histopathologic features and
molecular features. As a result, we demonstrated that the
developed PDXs accurately represented the histopathologic
and genetic phenotype of the primary patient tumor. However, in this study, we did not demonstrate genomic analysis
between donor patients and corresponding PDX tissues to
identify genetic similarity. This is a major limitation to our
model because most published PDX studies have reported
cancer genome analysis between patient and PDX tumors
relevant to biology or clinical response to therapy. Accordingly, additional detailed genetic analysis of this model
should be conducted.
Annotation of clinical data to preclinical data could be
helpful to interpretation of the results of studies conducted
using PDXs models to predict the clinical course and
response to novel target agents. Weroha et al. [17] previously
reported annotation of patient clinical data to PDXs of ovarian cancer. In the present study, we found that patients
whose tumors successfully engrafted in mice had inferior OS
(p=0.040) (Fig. 1). Thus, these results implied that in vivo
PDXs tumorigenicity was associated with inferior survival
outcome of the corresponding patient, consistent with the
results of previous studies [17]. Moreover, platinum resistance of EOCs had a strong association with successful
engraftment (p=0.023; HR, 5.55; 95% CI, 1.27 to 24.29). Considering that the demand for PDXs for preclinical testing is
greatest in the case of platinum-resistant EOC, this association between tumorigenicity and platinum resistance reinforces the utility of PDXs as a platform for preclinical testing
of novel therapies for EOC. The response to therapy is
important to validate the clinical predictive value of PDX
models. The response to paclitaxel-carboplatin chemotherapy in PDXs was concordant with the clinical response of the
corresponding patient (Fig. 4). Moreover, erlotinib significantly decreased the tumor weight in PDXs of clear cell carcinoma with overexpression of EGFR (Fig. 5). However, we
only conducted drug tests for PDXs of selected cases because
of cost and time constraints. While this is a limitation of the
study, the purpose of our study was to establish PDX models
of EOC and demonstrate their potential as a platform for
translation research. Although, we only tested a few cases
using this PDX platform, our results are important because
they suggest that use of PDX models should be widened. The
effects of erlotinib in PDXs of clear cell carcinoma with overexpression of EGFR should be interpreted only as an preclin-
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ical data. To date, no clinical studies have confirmed the
effectiveness of erlotinib in EOC [22]. The present study was
also limited in that erlotinib was tested in only two PDXs
models of clear cell carcinoma, preventing generalization of
the results. Nevertheless, the findings still demonstrate that
PDXs have potential for analysis of tumor development and
adaptation, screening of novel targeted therapies, testing of
drug efficacy, identification of biomarkers, predicting clinical
outcomes, and development of individualized treatment
plans. Future studies to further validate and test this PDXs
library are required.
The PDXs models themselves also have some limitations
that may hamper their utility, primarily high cost, requirement for specialized skills, and the long latency to generate
PDXs [18]. Although the PDXs model exists as a platform for
conducting precision medicine, most patients do not have
time to wait for a model of their tumor to undergo drug
response testing. Improving engraftment rates, decreasing
the latency between engraftment time and initiation of
patient treatment, and new engraftment techniques using
smaller tissue samples are required to widen the use of PDXs
models. Moreover, because immunocompromised mice are
used to generate PDXs, these models do not provide a platform to understand the role of the immune system when testing vaccines, immunomodulators, and immune activating
therapies [18]. Despite these challenges to the use of the
PDXs model, constant efforts to overcome the hurdles and
develop personalized treatments for gynecologic malignancies using these models are ongoing.
In conclusion, PDXs models for EOC that have histopathologic and genetic stability can be efficiently developed by
subrenal capsule implantation. These models have the
potential to provide a promising platform for translational
research and precision medicine in EOC.
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Postmastectomy Radiotherapy in Patients with pT1-2N1 Breast
Cancer Treated with Taxane-Based Chemotherapy:
A Retrospective Multicenter Analysis (KROG 1418)
Purpose
The purpose of this study was to evaluate the impact of postmastectomy radiotherapy
(PMRT) on loco-regional recurrence-free survival (LRRFS), disease-free survival (DFS), and
overall survival (OS) in pT1-2N1 patients treated with taxane-based chemotherapy.
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Materials and Methods
We retrospectively reviewed the medical data of pathological N1 patients who were treated
with modified radical mastectomy and adjuvant taxane-based chemotherapy in 12 hospitals
between January 2006 and December 2010.
Results
We identified 714 consecutive patients. The median follow-up duration was 69 months
(range, 1 to 114 months) and the 5-year LRRFS, DFS, and OS rates were 97%, 94%, and
98%, respectively, in patients who received PMRT (PMRT [+]). The corresponding figures
were 96%, 90%, and 96%, respectively, in patients who did not receive PMRT (PMRT [–]).
PMRT had no significant impact on survival. Upon multivariable analysis, only the histological
grade (HG) was statistically significant as a prognostic factor for LRRFS and DFS. In a subgroup analysis of HG 3 patients, PMRT (+) showed better DFS (p=0.081).
Conclusion
PMRT had no significant impact on LRRFS, DFS, or OS in pT1-2N1 patients treated with taxane-based chemotherapy. PMRT showed a marginal benefit for DFS in HG 3 patients. Randomized studies are needed to confirm the benefit of PMRT in high risk patients, such as
those with HG 3.
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Introduction
The National Comprehensive Cancer Network’s clinical
practice guidelines for breast cancer strongly recommend
that postmastectomy radiotherapy (PMRT) be considered for
patients with early-stage breast cancer with 1-3 positive
axillary nodes [1]. The British Columbia randomized trial
presented better survival rates for patients that received
chemotherapy and radiation therapy than chemotherapy
alone in lymph node (LN)–positive breast cancer treated by
modified radical mastectomy (MRM) [2]. A subgroup analysis by the Danish Breast Cancer Cooperative Group (DBCG)
82 B&C randomized trial also showed a survival benefit after
PMRT in patients with 1-3 as well as 4+ positive LNs [3]. A
meta-analysis of 22 randomized trials confirmed that PMRT
reduced loco-regional recurrence (LRR), overall recurrence,
and breast cancer mortality in patients with positive LNs [4].
However, the majority of chemotherapy regimens of these
studies used CMF (cyclophosphamide, methotrexate, and
5-fluorouracil), which is less effective than modern taxanebased chemotherapies [5-7]. To date, the benefit of PMRT
after taxane-based chemotherapy in pT1-2N1 patients
remains unclear.
Therefore, we conducted this study to evaluate the impact
of PMRT on loco-regional recurrence-free survival (LRRFS),
disease-free survival (DFS), and overall survival (OS) in pT12N1 patients treated with taxane-based chemotherapy.

Materials and Methods
1. Patients
We retrospectively reviewed and collected the medical
data of pN1 breast cancer patients who were treated with
MRM and adjuvant taxane-based chemotherapy in 12 hospitals in Korea between January 2006 and December 2010.
This retrospective observational study was approved by the
Institutional Review Board of each hospital.
The inclusion criteria were pN1 breast cancer patients,
completion of planned chemotherapy, and information available regarding the pathologic features of tumors, including
hormone receptor status. We excluded patients who received
neo-adjuvant chemotherapy, previous chest wall radiotherapy, were pT3-4 or were male. Overall, we identified 714 consecutive patients.
We collected pathologic features of tumors, such as tumor
size, resection margin (RM), lymphovascular invasion (LVI),
histologic grade (HG), estrogen receptor (ER), progesterone
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receptor (PR), human epidermal growth factor receptor 2
(HER2) status, Ki-67, number of positive LNs, and extracapsular extension (ECE). The ER and PR positivity were
defined as any positive nuclear staining. HER2 positivity was
defined as an immunohistochemistry score of 3+ or 2+ along
with fluorescent in situ hybridization–positive results or
chromogenic in situ hybridization–positive results for HER2
gene amplification. Molecular subtypes of breast cancer were
categorized as follows: (1) luminal A: ER+ and/or PR+ and
HER2–, (2) luminal B: ER+ and/or PR+ and HER2+, (3)
HER2: ER– and PR– and HER2+, and (4) triple negative: ER–
and PR– and HER2–.
2. Treatments
All 714 patients underwent MRM, and a majority (94.8%)
of these patients received axillary LN dissection. Adjuvant
radiotherapy was conducted according to the physician’s
preference and institutional policy. In addition to the chest
wall, radiation was delivered to the supraclavicular (SCL)
and/or internal mammary node (IMN) area in some patients
according to the radiation oncologist’s preference. Trastuzumab therapy was indicated for patients with HER2-overexpressing tumors, while hormone therapy was indicated for
patients with positive hormonal receptors.
PMRT was performed in 130 patients (18.2%). In addition
to chest wall radiotherapy, SCL radiotherapy was conducted
in 99 patients (76.2%, 99/130). Among these patients, 61
(46.9%, 61/130) also received IMN radiotherapy. The median
radiation doses to the chest wall, SCL and IMN were 50.4
Gy/28 fractions (range, 45 Gy/25 fractions to 50.4 Gy/
28 fractions). Chest wall irradiation was conducted with
4- or 6-MV photon beams of two tangential fields that covered the chest wall and axillary LN level I. SCL field was
treated with 4- or 6-MV photon beams with or without posterior axillary boost and covered axillary LN level II-III and
SCL LN. IMN radiotherapy techniques, which were determined at the discretion of the physician, included the reverse
hockey stick, standard tangent, partial wide tangent, and
photon/electron combination techniques.
Most patients (95.8%) were treated with AC (doxorubicin
and cyclophosphamide)-T (taxane), while the rest received
other taxane-based chemotherapies, such as TC (docetaxel
and cyclophosphamide)-T (2.4%), FAC (fluorouracil [5-FU],
doxorubicin, and cyclophosphamide)/FEC (5-FU, epirubicin,
and cyclophosphamide)-T (0.4%), TAC (docetaxel, doxorubicin, and cyclophosphamide) or TAC-T (0.3%), EC (epirubicin and cyclophosphamide)-T (0.1%) and others (1%).
Trastuzumab and hormones were given to 104 patients
(14.6%) who were HER2-positive and 558 patients (78.2%)
who were hormonal receptor–positive, respectively.
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Table 1. Patient and tumor characteristics (n=714)

Table 1. Continued

Characteristic

No. (%)

Characteristic

Age, median (range, yr)
Pathology
Ductal
Lobular
Micropapillary
Mixed
Mucinous
Medullary
Other
T classification
1
2
Resection margin
Negative
Positive
N/A
Lymphatic and vascular invasion
Negative
Positive
N/A
Histologic grade
1
2
3
N/A
Estrogen hormonal receptor
Negative
Positive
N/A
Progesterone hormonal receptor
Negative
Positive
N/A
HER2/neu proto-oncogene
Negative
Positive
Molecular subtype
Luminal A
Luminal B
HER2
Triple negative
N/A
Ki-67 (%)
Negative
 15
16-30
> 30
N/A
Total dissected lymph node, median (range)

48 (24-74)

Positive lymph node
1
2
3
N/A
Extracapsular extension
Negative
Positive
N/A

667 (93.4)
27 (3.8)
7 (1.0)
6 (0.8)
5 (0.7)
1 (0.1)
1 (0.1)
291 (40.8)
423 (59.2)

No. (%)
399 (55.9)
202 (28.3)
111 (15.5)
2 (0.3)
330 (46.2)
272 (38.1)
112 (15.7)

N/A, not available; HER2, human epidermal growth factor
receptor 2.

701 (98.2)
8 (1.1)
5 (0.7)

3. Endpoints
421 (59.0)
273 (38.2)
20 (2.8)
85 (11.9)
311 (43.6)
305 (42.7)
13 (1.8)
149 (20.9)
548 (76.8)
17 (2.4)
206 (28.9)
487 (68.2)
21 (2.9)
530 (74.2)
184 (25.8)
469 (65.7)
98 (13.7)
80 (11.2)
55 (7.7)
12 (1.7)
3 (0.4)
399 (55.9)
141 (19.7)
131 (18.3)
40 (5.6)
16 (1-55)

LRR was defined as ipsilateral chest wall, axilla, IMN and
SCL LN recurrence. All survival endpoints were calculated
from the date of surgery. DFS was defined as the time from
the date of surgery to the date of any recurrence. OS was
defined as the time from the date of surgery to the date of
death from any reason.
4. Statistical Analyses
The patient and treatment characteristics were summarized as the median (range) values for continuous variables,
and frequency (percentage) values for categorical variables.
The difference in distributions according to the PMRT group
(PMRT [+] vs. PMRT [–]) was tested using Pearson’s chisquared test or Fisher exact test. The multivariable Cox proportional hazard model was fitted to analyze the effect of
PMRT on patient survival while adjusting for the effects of
other variables. The backward variable selection with an
elimination criterion of p > 0.1 was applied to fit the multivariable model. In addition, since distributions of several
variables were significantly different between PMRT groups,
we conducted propensity score matching to balance these
differences before evaluating the effects of PMRT on patient
survival. The propensity score was first estimated using the
logistic regression, where the outcome variable was PMRT
(+) or PMRT (–), and the explanatory variables were those
that were significantly imbalanced between PMRT groups.
Next, based on the estimated propensity score, two patients
in the PMRT (–) group were matched to each PMRT (+)
patient. The survival curves were estimated using the
Kaplan-Meier method, and the log-rank test was performed
to test the survival difference for this matched dataset. p-valVOLUME 49 NUMBER 4 October 2017
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Table 2. Comparisons of patient and treatment characteristics between PMRT (–) and PMRT (+)
Variable
Age (yr)
< 40
 40
Pathology
IDC
Non-IDC
T classification
1
2
Resection margin (miss=5)
Negative
Positive
Lymphatic and vascular invasion (miss=20)
Negative
Positive
Histologic grade (miss=13)
1-2
3
Molecular subtype (miss=12)
Luminal A
Nonluminal A
Ki-67 (%) (miss=40)
 15
> 15
Total dissected lymph node
< 10
 10
Positive lymph node (miss=3)
1
2-3
Extracapsular extension (miss=112)
Negative
Positive

Total
(n=714)

PMRT (–)
(n=584)

PMRT (+)
(n=130)

131
583

107 (18.3)
477 (81.7)

24 (18.5)
106 (81.5)

0.970a)

667
47

553 (94.7)
31 (5.3)

114 (87.7)
16 (12.3)

0.004a)

291
423

239 (40.9)
345 (59.1)

52 (40.0)
78 (60.0)

0.846a)

701
8

578 (99.8)
1 (0.2)

123 (94.6)
7 (5.4)

< 0.001b)

421
273

363 (63.2)
211 (36.8)

58 (48.3)
62 (51.7)

0.002a)

396
305

314 (54.7)
260 (45.3)

82 (64.6)
45 (35.4)

0.043a)

469
233

383 (66)
197 (34)

86 (70.5)
36 (29.5)

0.342a)

402
272

331 (59.9)
222 (40.1)

71 (58.7)
50 (41.3)

0.811a)

109
605

84 (14.4)
500 (85.6)

25 (19.2)
105 (80.8)

0.166

398
313

343 (58.9)
239 (41.1)

55 (42.6)
74 (57.4)

< 0.001a)

330
272

286 (53.9)
245 (46.1)

44 (62.0)
27 (38.0)

0.197a)

p-value

Values are presented as number (%). PMRT, postmastectomy radiotherapy; IDC, invasive ductal carcinoma. a)Pearson chisquared test, b)Fisher exact test.

ues of < 0.05 were considered statistically significant, and all
statistical analyses were performed using the SAS ver. 9.4
(SAS Institute Inc., Cary, NC) and R ver. 3.2.3 programs.

Results
1. Patient and tumor characteristics
The patient and tumor characteristics are shown in Table 1.
The median age was 48 years (range, 24 to 74 years), and the
majority of patients had ductal carcinoma (93.4%). The RM
and LVI data were positive in 1.1% and 38.2% of
patients, respectively. The HG was 3 in 305 patients (42.7%).
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Table 3. Patterns of first failure
Variable
Local recurrence
Regional recurrence
AXL
SCL
IMN
AXL and SCL
AXL and IMN
SCL and IMN
AXL and SCL and IMN
Distant metastasis

PMRT (–)
(n=584)

PMRT (+)
(n=130)

Total
(n=714)

6 (1.0)
22 (3.8)
7 (1.2)
5 (0.9)
6 (1.0)
2 (0.3)
0(
1 (0.2)
1 (0.2)
48 (8.2)

1 (0.8)
4 (3.1)
1 (0.8)
2 (1.5)
1 (0.8)
0(
0(
0(
0(
6 (4.6)

7 (1.0)
26 (3.6)
8 (1.1)
7 (1.0)
7 (1.0)
2 (0.3)
0(
1 (0.1)
1 (0.1)
54 (7.6)

Values are presented as number (%). Multiple locations of recurrence may have been observed in a patient. PMRT, postmastectomy radiotherapy; AXL, axillary; SCL, supraclavicular; IMN, internal mammary.

Table 2 compares the patient and treatment characteristics
for those who received PMRT (n=130) and those who did not
(n=584). As expected, many factors showed an uneven distribution, including histologic type, RM, LVI, HG, and the
number of positive LNs.
2. Patterns of the first failure
The patterns of the first failure are shown in Table 3. Most
patients who experienced recurrence had distant metastasis
(82%, 54/66). Isolated local recurrence and regional recurrence were detected in three and nine patients, respectively.

PMRT (+) patients showed better survival by the KaplanMeier curve, especially for the DFS (p=0.081) (Fig. 1).
5. Propensity score matching
Propensity score matching was conducted to evaluate the
impact of PMRT while minimizing the effects of other prognostic factors. After we performed the propensity score
matching process, all factors were well balanced between
treatment groups (S1 Table). There was no difference in the
LRRFS, DFS, and OS between PMRT (–) and PMRT (+)
patients (Fig. 2, S2 Table).

3. Prognostic factors for survival
The median follow-up duration was 69 months (range, 1
to 114 months). The 5-year LRRFS, DFS, and OS rate were
97%, 94%, and 98%, respectively, in patients who received
PMRT (PMRT [+]). The corresponding figures were 96%,
90%, and 96%, respectively, in patients who did not receive
PMRT (PMRT [–]). PMRT did not significantly reduce the
5-year LRR rate (3.1% vs. 4.3%, p=0.571). The HG and
molecular subtype were statistically significant prognostic
factors for LRRFS and DFS upon univariable analysis (Table 4).
Upon multivariable analysis, only the HG remained statistically significant. For OS, the HG showed marginal significance in both univariable and multivariable analyses.
4. Subgroup analysis of high HG disease
Because HG was the most important prognostic factor for
survival in this study population, we conducted a subgroup
analysis of HG 3 (n=305). Although the p-value was > 0.05,

Discussion
The purpose of this study was to evaluate the effects of
PMRT on the LRRFS, DFS, and OS in pN1 patients treated
with modern systemic chemotherapy after MRM. Several
randomized studies have shown the benefit of PMRT in pT12N1 patients who were treated with CMF. However, the role
of PMRT in pT1-2N1 patients treated with modern taxanebased chemotherapy is still controversial.
The addition of taxane to AC resulted in significant
improvement in the DFS in several studies. In the National
Surgical Adjuvant Breast and Bowel Project (NSABP) B-28
trial [8], the addition of taxane to AC significantly reduced
the hazard for a DFS event by 17%, with a 5-year DFS of 76%
and 72% for AC-T and AC, respectively. Another study by
the Cancer and Leukemia Group B (CALGB) 9334 [9] showed
similar results. Despite delays in radiotherapy during addiVOLUME 49 NUMBER 4 October 2017
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Univariable

DFS
Multivariable

Univariable

OS
Multivariable
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-

-

-

2.98 (1.36-6.53)

-

-

-

-

0.463

0.449

0.209

0.006

0.008

0.130

0.240

0.374

-

-

-

-

0.006

-

-

-

0.734

1.23 (0.73-2.05)

0.82 (0.50-1.35)

1.60 (0.97-2.64)

1.73 (1.06-2.80)

2.28 (1.38-3.77)

1.28 (0.79-2.09)

1.36 (0.81-2.26)

0.64 (0.37-1.11)

0.66 (0.31-1.38)

0.435

0.435

0.064

0.027

0.001

0.320

0.243

0.115

0.266

-

-

-

-

2.25 (1.36-3.71)

-

-

-

0.72 (0.34-1.51)

-

-

-

-

0.002

-

-

-

0.380

0.94 (0.42-2.09)

0.97 (0.47-2.00)

1.35 (0.65-2.82)

1.72 (0.84-3.51)

2.00 (0.95-4.24)

0.83 (0.39-1.78)

1.57 (0.72-3.42)

0.92 (0.38-2.26)

0.99 (0.38-2.60)

0.880

0.937

0.422

0.141

0.070

0.632

0.261

0.858

0.994

-

-

-

-

2.02 (0.95-4.29)

-

-

-

1.14 (0.43-3)

-

-

-

-

0.068

-

-

-

0.793

Multivariable analysis by backward selection with alpha 0.1. LRRFS, locoregional recur-free survival; DFS, disease-free survival; OS, overall survival; HR, hazard
ratio; CI, confidence interval; PMRT, postmastectomy radiotherapy.

0.83 (0.29-2.39)

0.571

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value
(n=714)
(event=30)
(n=701)
(event=30)
(n=714)
(event=66)
(n=701)
(event=66)
(n=714)
(event=30)
(n=701)
(event=29)

Univariable

PMRT
Negative vs. 0.74 (0.26-2.11)
positive
Age
< 40 yr vs.
0.73 (0.31-1.70)
 40 yr
T classification
1 vs. 2
1.34 (0.63-2.87)
Lymphatic and
vascular invasion
Negative vs. 1.58 (0.77-3.24)
positive
Histologic
grade
1-2 vs. 3
3.01 (1.38-6.58)
Molecular
subtype
Luminal A vs. 2.68 (1.30-5.51)
others
Ki-67
 15% vs.
1.82 (0.84-3.92)
> 15%
Positive lymph
node number
1 vs. 2-3
0.63 (0.30–1.36)
Extracapsular
extension
Negative vs. 1.41 (0.66–3.00)
positive

Variable

LRRFS

Table 4. Cox proportional hazards model (n=714)
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A

0.6
0.4
Log-rank test p=0.232

0.2
0

PMRT (–) (n=260)
PMRT (+) (n=45)

0

20

40

60
Time (mo)

80

B

0.6
0.4

0

Log-rank test p=0.081
PMRT (–) (n=260)
PMRT (+) (n=45)

0

20

40

60
Time (mo)

80

C

0.8
0.6
0.4
Log-rank test p=0.348

0.2
0

PMRT (–) (n=260)
PMRT (+) (n=45)

0

20

40

60
Time (mo)

80

0.4

100

Fig. 1. Survival rates of histologic grade 3 patients (n=305).
Loco-regional recurrence-free survival (LRRFS) (A), disease-free survival (DFS) (B), and overall survival (OS) (C).
PMRT, postmastectomy radiotherapy.

Log-rank test p=0.891

0.2

PMRT (–) (n=222)
PMRT (+) (n=113)

0

20

40

60
Time (mo)

80

100

B

0.8
0.6
0.4
Log-rank test p=0.458

0.2
0

100

1.0

0.6

1.0

Survival probability of DFS

Survival probability of DFS

0.8

0.2

0.8

0

100

1.0

Survival probability of OS

Survival probability of LRRFS

0.8

A

1.0

PMRT (–) (n=222)
PMRT (+) (n=113)

0

20

40

60
Time (mo)

80

100

C

1.0

Survival probability of OS

Survival probability of LRRFS

1.0

0.8
0.6
0.4
Log-rank test p=0.277

0.2
0

PMRT (–) (n=222)
PMRT (+) (n=113)

0

20

40

60
Time (mo)

80

100

Fig. 2. Survival rates after propensity score matching
(n=335). Loco-regional recurrence-free survival (LRRFS)
(A), disease-free survival (DFS) (B), and overall survival
(OS) (C). PMRT, postmastectomy radiotherapy.
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tional chemotherapy, adjuvant AC-T afforded better local
control than AC alone in patients treated with breast-conserving therapy. The 5-year cumulative incidence of isolated
LRR was 9.7% in the AC arm and 3.7% in the AC-T arm
(p=0.04), while that of LRR as any component of failure was
12.9% versus 6.1%, respectively (p=0.04). A meta-analysis
[10] of long-term outcomes among 100,000 women in 123
randomized trials confirmed the benefit of taxane, with the
addition of four separate cycles of taxane to a fixed anthracycline-based control regimen reducing breast cancer mortality.
A previous retrospective study [11] analyzed the LRR rates
during an early era (1978-1997) and a later era (2000-2007).
The later era was thought to represent periods of routine use
of sentinel LN surgery, taxane-based chemotherapy, and aromatase inhibitors. PMRT did not appear to benefit patients
treated in the later cohort (5-year LRR rates of 2.8% without
PMRT and 4.2% with PMRT, p=0.48), but it did reduce the
rate of LRR in the early era cohort (5-year rates of 9.5% without PMRT and 3.4% with PMRT, p=0.028). The most significant factor predictive of LRR for patients who did not receive
PMRT was the era in which the patient was treated.
A recent study [12] revealed similar findings. Specifically,
later-era (2004-2011) patients had a significantly lower 5-year
LRR than early-era patients (1998-2011) (3.2% vs. 10.3%,
p < 0.001). In the later-era patients, PMRT did not significantly reduce the 5-year LRR rate (1% vs. 3.8%, p=0.206),
while it did improve the 5-year DFS rate (96.1% vs. 87.5%,
p=0.015). Although more patients in the late era received
AC±T chemotherapy than in the early era, 15% in the late era
were still treated with CMF.
The strength of our study population is the homogeneity
of the taxane-based chemotherapy regimen. In our study,
PMRT did not significantly reduce the 5-year LRR rate.
PMRT also had no significant impact on DFS, LRRFS, or OS.
Even after propensity score matching, PMRT had no significant impact on survival. Risk factors for LRR in pT1-2N1
patients who have undergone MRM have been evaluated in
many studies. However, the results have not been consistent.
The main reason for this inconsistency is the different
chemotherapy regimens. Age, tumor size, premenopausal
status, the number of positive LNs, and the number of dissected LNs were significant predictors for LRR based on five
NSABP randomized clinical trials [13]. In these five randomized trials, the chemotherapy was AC. In another study [14],
LVI, ECE, and the number and level of involved axillary
nodes were the prognostic factors associated with SCL LN
recurrence. In that study, the chemotherapy regimen was
CMF.
Because breast cancer is associated with highly heterogeneous tumors, several studies have analyzed the association
between molecular subtypes of breast cancer and LRR. Wen
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et al. [15] showed that, when compared with the luminal A
subtype, the HER2-enriched and basal-like subtypes were
associated with significantly higher 5-year LRR rates, lower
5-year LRRFS rates, and poorer 5-year breast cancer-specific
survival rates in pT1-2N1M0 breast cancer patients who did
not undergo PMRT. That study population was treated
between 1998 and 2010, and the chemotherapy regimens
were not mentioned. In a different study [16], researchers
evaluated the impact of molecular subtype on LRR in mastectomy patients with pT1-2N1. Only age ( 50 years,
p=0.003) and presence of LVI (p=0.0003) were predictive of
LRR, while molecular subtype was not (p=0.38). Additionally, only 85% of the patients received systemic chemotherapy, while 67% received an anthracycline/taxane-based
regimen.
A recent study [17] that included patients who received an
anthracycline-based (45%) or taxane-based (3%) regimen, or
both (29%), revealed that young age ( 40 years), a tumor
larger than 3 cm, and the presence of extensive intraductal
components were significant risk factors for LRR. Another
recent study [18] reported that LVI+ results, HG 3, and the
nonluminal A subtype were poor prognostic factors for pT12N1 breast cancer patients who underwent breast conserving
surgery or MRM, received adjuvant taxane-based chemotherapy, and did not receive elective nodal irradiation.
In our study, only HG showed statistical significance for
predicting LRRFS and DFS. To the best of our knowledge,
this is the first study to report prognostic factors for survival
in pT1-2N1 patients who have undergone MRM and
received taxane-based chemotherapy. Upon subgroup analysis of HG 3 patients, PMRT showed a marginal benefit for
DFS. Because of the small number of patients and events in
this subgroup analysis, we could not sufficiently show the
role of PMRT in HG 3 patients. Our findings regarding the
prognostic value of HG are consistent with those of a previous study that investigated the impact of PMRT in modern
systemic therapy [19]. Specifically, that study found that HG
3 and ECE were significant risk factors for LRR. In the present study, the status of ECE was unknown in 112 patients.
Considering that ECE is an important prognostic factor for
LRR, this could have affected the results of our study.
This study had the intrinsic limitations of a retrospective
study. First, because there were no standard guidelines for
adjuvant radiation in pT1-2N1 patients, and PMRT was performed according to each physician’s preference and institutional policy, the patient characteristics between the PMRT
(–) and PMRT (+) groups were imbalanced. We conducted
propensity score matching to overcome these uneven distributions. However, after propensity score matching, the number of patients and events became smaller, which reduced
the power to show the impact of PMRT. Second, SCL and
IMN radiotherapy was only conducted in 99 (76.2%, 99/130)
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and 61 (46.9%, 61/130) patients, respectively, in the PMRT
(+) group. Accordingly, it is possible that incomplete coverage of the regional LN area counteracted the benefits of
PMRT.
PMRT did not significantly reduce the 5-year LRR rate,
and it had no significant impact on the LRRFS, DFS, or OS.
PMRT (+) showed a marginal benefit for DFS in HG 3
patients. Randomized studies are needed to confirm the benefit of PMRT in high risk patients, such as those with HG 3.
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Efficacy and Safety of First-Line Necitumumab Plus Gemcitabine and
Cisplatin Versus Gemcitabine and Cisplatin in East Asian Patients with Stage IV
Squamous Non-small Cell Lung Cancer: A Subgroup Analysis of the Phase 3,
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Purpose
The phase 3 randomized SQUIRE study revealed significantly longer overall survival (OS)
and progression-free survival (PFS) for necitumumab plus gemcitabine and cisplatin
(neci+GC) than for gemcitabine and cisplatin alone (GC) in 1,093 patients with previously
untreated advanced squamous non-small cell lung cancer (NSCLC). This post hoc subgroup
analysis assessed the efficacy and safety of neci+GC among East Asian (EA) patients
enrolled in the study.
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Materials and Methods
All patients received up to six 3-week cycles of gemcitabine (days 1 and 8, 1,250 mg/m)
and cisplatin (day 1, 75 mg/m). Patients in the neci+GC arm also received necitumumab
(days 1 and 8, 800 mg) until disease progression or unacceptable toxicity. Hazard ratios
(HRs) and 95% confidence intervals (CIs) were estimated from stratified Cox proportional
hazards models.

1
Division of Hematology/Oncology,
Department of Medicine, Samsung Medical
Center, Sungkyunkwan University School
of Medicine, Seoul, 2Department of Medicine,
Gachon University Gil Medical Center,
Incheon, Korea, 3Saint Luke's Medical Center,
Quezon City, Philippines, 4Chief Division of
Medical Oncology, Department of Medicine,
Faculty of Medicine, Maharaj Nakorn Chiang
Mai, Chiang Mai University, Chiang Mai,
Thailand, 5Department of Internal Medicine,
Chonbuk National University Hospital,
Jeonju, Korea, 6Lilly Deutschland GmbH,
Bad Homburg, Germany, 7Eli Lilly and
Company, Gurgaon, India, 8Eli Lilly
Interamerica Inc., Buenos Aires, Argentina

+ Correspondence:
+ + + + + + +Keunchil
+ + + +Park,
+ +MD,
+ +PhD
++
+ Division
+ + + +of +Hematology/Oncology,
++++++++++++
+ Department
+ + + + +of+Medicine,
+ + + +Samsung
+ + + +Medical
+++
+ Center,
+ + + Sungkyunkwan
+ + + + + + +University
+ + + +School
+++
++++++++++++++++++
of
Medicine,
81
Irwon-ro,
Gangnam-gu,
++++++++++++++++++
+ Seoul
+ + +06351,
+ +Korea
++++++++++++
+ Tel:
+ +82-2-3410-3459
+++++++++++++++
+ Fax:
+ +82-2-3410-1754
+++++++++++++++
+ E-mail:
+ + + kpark@skku.edu
++++++++++++++
++++++++++++++++++
+ Received
+ + + +September
+ + + + 2,+ 2016
++++++++
+ Accepted
+ + + + December
+ + + + 14,
+ +2016
+++++++
+ Published
+ + + + Online
+ + + January
+ + + 6,+ 2017
++++++
++++++++++++++++++
│ http://www.e-crt.org │

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

Results
In EA patients, there were improvements for neci+GC (n=43) versus GC (n=41) in OS (HR,
0.805; 95% CI, 0.484 to 1.341) and PFS (HR, 0.720; 95% CI, 0.439 to 1.180), consistent
with the results for non-EA patients observed in the present study. The overall safety data
were consistent between EA and non-EA patients. A numerically higher proportion of patients
experienced serious adverse events (AEs), grade  3 AEs, and AEs with an outcome of death
for neci+GC versus GC in EA patients and EA patients versus non-EA patients for neci+GC.
Conclusion
Although limited by the small sample size and post hoc nature of the analysis, these findings
are consistent with those of the overall study and suggest that neci+GC offers a survival
advantage and favorable benefit/risk for EA patients with advanced squamous NSCLC.
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Introduction
Squamous cell carcinoma of the lung is the second most
common histologic subtype of non-small cell lung cancer
(NSCLC), after adenocarcinoma, accounting for 30% of
NSCLC cases [1,2]. Advances have been made in the firstline treatment of nonsquamous NSCLC, especially adenocarcinoma, with the advent of better tolerated chemotherapeutic
agents (e.g., pemetrexed) and targeted agents (e.g., bevacizumab, epidermal growth factor receptor [EGFR] tyrosine
kinase inhibitors [TKIs], and anaplastic lymphoma kinase
inhibitors) [1,3]. However, clinical trials evaluating these
agents failed to show any benefit for patients with squamous
NSCLC, and the standard first-line treatment for such
patients is still conventional platinum-based doublet chemotherapy [1,2]. One of the few treatments that has shown
improved overall survival (OS) in patients with squamous
NSCLC is cetuximab, a chimeric EGFR antibody. The phase
3 FLEX (First-Line ErbituX in lung cancer) study showed that
combining cetuximab with cisplatin and vinorelbine significantly improved OS in patients with EGFR-expressing
advanced NSCLC, in particular, in patients with squamous
NSCLC (hazard ratio [HR], 0.80; 95% confidence interval
[CI], 0.64 to 1.00) [4]. Although the FLEX study did not lead
to the regulatory approval of cetuximab for NSCLC [5], it
provided evidence that anti-EGFR monoclonal antibodies
might be of value in the treatment of squamous NSCLC. As
EGFR protein overexpression and high EGFR gene copy
number are frequently observed in patients with squamous
NSCLC [6,7], investigation of other agents that target the
EGFR may yield new treatment options for squamous
NSCLC.
Necitumumab is a second-generation, recombinant, human
immunoglobulin G1 EGFR monoclonal antibody that binds
the EGFR with high affinity, thereby preventing natural ligand activation [8,9]. The multinational, open-label, phase 3,
randomized SQUIRE (SQUamous NSCLC treatment with
the Inhibitor of EGF REceptor) study compared necitumumab plus gemcitabine and cisplatin (neci+GC) with gemcitabine and cisplatin alone (GC) in 1,093 patients with
previously untreated advanced squamous NSCLC [9]. In this
study, OS, the primary endpoint, was found to be significantly longer in the neci+GC arm than the GC arm, with a
median OS of 11.5 months being observed in the neci+GC
arm and 9.9 months in the GC arm (stratified HR [neci+GC
vs. GC], 0.84; 95% CI, 0.74 to 0.96; p=0.01). In addition, progression-free survival (PFS) was significantly longer in the
neci+GC arm than the GC arm.
Substantial variations in tumor biology and the efficacy
and toxicity of anticancer agents may exist between patients
of different ethnicities and have been reported between East
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Asian (EA) and Caucasian patients [10,11]. For example,
patients of EA ethnicity with advanced nonsquamous
NSCLC are more likely to have activating EGFR mutations
than Caucasian patients and are therefore more likely to
respond to treatment with the EGFR TKI gefitinib [12,13]. In
addition, clinical trials of chemotherapy regimens have commonly found higher incidences of toxicities such as grade 4
neutropenia in Japanese study populations than in largely
Caucasian study populations [14]. Therefore, this post hoc
subgroup analysis was conducted to assess the efficacy and
safety of neci+GC in EA patients enrolled in the SQUIRE
study. The efficacy and safety results for the EA patients are
presented alongside those for the non-EA patients enrolled
in the study.

Materials and Methods
1. Study design
The SQUIRE study design has been published in detail
elsewhere [9]. The study was a multicenter, open-label, randomized phase 3 study comparing neci+GC with GC in
patients with previously untreated advanced squamous
NSCLC. The study was conducted in 26 countries, including
five countries in East Asia (Philippines, Republic of Korea,
Singapore, Taiwan, and Thailand). The study protocol was
approved by the ethics committees of the participating sites
and conducted in accordance with the Declaration of
Helsinki, Good Clinical Practice Guidelines, and applicable
local regulations. All patients provided written informed
consent before study entry. The study was registered at
http://www.clinicaltrials.gov (NCT00981058).
2. Study population
The main inclusion criteria were as follows: age  18 years;
histologically or cytologically confirmed stage IV (according
to the American Joint Committee on Cancer staging manual,
seventh edition [15]) squamous NSCLC; Eastern Cooperative
Oncology Group (ECOG) performance status of 0-2. The
main exclusion criteria were as follows: previous chemotherapy for advanced NSCLC; chest irradiation in the 12 weeks
before randomization; peripheral neuropathy of grade 2 or
worse (graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events [NCI
CTCAE], ver. 3.0). More detailed information regarding the
eligibility criteria are published elsewhere [9].
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3. Randomization and masking
Patients were randomly assigned (1:1) centrally to neci+
GC or GC. Randomization was stratified by ECOG performance status (0-1 vs. 2) and geographical region (North America, Europe, Australia vs. South America, South Africa, India
vs. East Asia). Physicians and patients were not masked to
treatment assignment because the expected occurrence of
acne-like rash (a known class effect of EGFR antibodies)
would have unmasked most patients and investigators to
treatment.

therapy. The ORR was defined as the proportion of patients
with a best response of complete response (CR) or partial
response (PR). The DCR was defined as the proportion of
patients with a best response of CR, PR, or stable disease.
Safety outcomes were adverse events (AEs), which were
coded according to the Medical Dictionary for Regulatory
Activities ver. 16.0, and graded according to the NCI CTCAE
ver. 3.0. AEs of interest were defined based on the known
safety profiles of other EGFR antibodies and previous clinical
experience with necitumumab, gemcitabine, and cisplatin
[9].

4. Treatment protocol

7. Statistical analysis

Patients in the neci+GC and GC arms received up to six
3-week cycles of gemcitabine 1,250 mg/m2 administered
intravenously over 30 minutes on days 1 and 8, and cisplatin
75 mg/m2 administered intravenously over 120 minutes on
day 1 (induction phase). During the induction phase,
patients in the neci+GC arm also received 800 mg necitumumab administered intravenously over a minimum of 50
minutes on days 1 and 8, before gemcitabine administration.
At the end of the induction phase, patients in the neci+GC
arm who had not progressed continued to receive singleagent necitumumab on the same treatment schedule until
radiographic documentation of disease progression, unacceptable toxicity, or withdrawal of consent (continuation
phase).

This was a post hoc subgroup analysis of the EA patients
enrolled in the SQUIRE study. The results for the EA patients
are presented alongside those for the non-EA patients
enrolled in the study. This presentation is intended as a
descriptive illustration of summary data between the two
subpopulations and is not a formal comparison. Efficacy was
assessed in the intention-to-treat (ITT) population, which
comprised all patients who were randomized to treatment.
Safety was assessed in the safety population, which comprised all patients who were randomized to treatment and
received at least one dose of study medication. Exposure to
necitumumab and chemotherapy was reported as the
median number of cycles (interquartile range [IQR]) and relative dose intensity (actual dose delivered as a percentage of
planned dose). OS, PFS, and TTF were estimated using the
Kaplan-Meier method and were compared between treatment arms using the log-rank test. HRs and 95% CIs for
neci+GC versus GC were estimated from stratified Cox proportional hazards models. Post-study systemic therapy was
summarized as the number and percentage of patients using
therapy. AEs were summarized as the number and percentage of patients reporting each event. Analyses were performed using SAS ver. 9.1.3 (SAS Institute Inc., Cary, NC).

5. Assessment of EGFR expression
Patients were not selected for the study based on the level
of EGFR expression; however, availability of tumor tissue
was an eligibility criterion allowing exploratory biomarker
analyses. Tumor EGFR protein expression was assessed by
immunohistochemistry with the EGFR PharmDx Kit (Dako,
Glostrup, Denmark). The level of EGFR expression was classified by immunohistochemistry score (H-score), on a scale
of 0 to 300, as previously described [6,16].
6. Outcome measures
Efficacy outcomes were OS (primary outcome of the overall study), PFS, time-to-treatment failure (TTF), objective
response rate (ORR), and disease control rate (DCR). OS was
defined as the time from randomization until death from any
cause. PFS was defined as the time from randomization until
the first radiographic documentation of objective progression
or death from any cause. TTF was defined as the time from
randomization until the first radiographic documentation of
progressive disease, death from any cause, discontinuation
of treatment for any reason, or initiation of new anticancer

Results

1. Patient disposition
Of the 1,093 patients enrolled in the SQUIRE study, 84
were from East Asia (Republic of Korea, 47; Philippines, 20;
Thailand, 9; Taiwan, 5; Singapore, 3) and constituted the EA
subpopulation. The remaining 1,009 patients constituted the
non-EA subpopulation. In the EA subpopulation, 84 patients
were randomized to treatment (neci+GC, 43; GC, 41) and
VOLUME 49 NUMBER 4 October 2017
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Patients randomized (n=84)

Patients allocated to
neci+GC (n=43)

Patients allocated to
GC (n=41)

Patients not receiving
neci+GC (n=2)

Patients not receiving
GC (n=2)
Patients received
neci+GC (n=41)

Patients received
GC (n=39)

Patients discontinued
study treatment (n=41)

Patients discontinued
study treatment (n=39)

Progressive disease (n=30)
Death (n=5)
Adverse event (n=3)
Patient withdrawal (n=2)
Other (n=1)

Completed treatment (n=16)
Progressive disease (n=13)
Patient withdrawal (n=6)
Death (n=2)
Adverse event (n=2)
Patients included in ITT (n=43)
and safety (n=41) populations

Patients included in ITT (n=41)
and safety (n=39) populations

Fig. 1. Patient flow for EA patients enrolled in the SQUIRE study. Note that patients in the neci+GC arm who had not progressed at the end of the induction phase could continue to receive single-agent necitumumab in the continuation phase
until radiographic documentation of disease progression, unacceptable toxicity, or withdrawal of consent. EA, East Asian;
neci+GC, necitumumab plus gemcitabine and cisplatin; GC, gemcitabine and cisplatin; ITT, intent-to-treat.

constituted the ITT population, while 80 received the study
drug (neci+GC, 41; GC, 39) and constituted the safety population (Fig. 1). In the non-EA subpopulation, 1,009 patients
were randomized to treatment (neci+GC, 502; GC, 507) and
constituted the ITT population, while 999 patients received
the study drug (neci+GC, 497; GC, 502) and constituted the
safety population.

The proportions of patients with EGFR-expressing tumors
were similar between the EA and non-EA subpopulations.
The EGFR H-score was determined for 76/84 patients in the
EA subpopulation, while 70/76 patients (92.1%) had an
H-score > 0 (neci+GC, 34; GC, 36). The EGFR H-score was
determined for 895/1,009 patients in the non-EA subpopulation and 854/895 patients (95.4%) had an H-score > 0
(neci+GC, 422; GC, 432).

2. Demographic and baseline clinical characteristics
3. Exposure to chemotherapy and necitumumab
In the EA subpopulation, the neci+GC and GC arms were
generally balanced for baseline characteristics and baseline
risk factors (Table 1). However, the proportion of patients
with a history of hypertension was numerically higher in the
neci+GC arm (16/41 patients, 39.0%) than the GC arm (8/39
patients, 20.5%). There were some differences in baseline
characteristics between the EA and non-EA subpopulations,
such as the percentage of patients aged  65 years and the
percentage who were non-smokers being higher in the EA
subpopulation. However, the baseline characteristics of the
EA subpopulation were generally consistent with those of
the non-EA subpopulation (Table 1).
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The median number of cycles of gemcitabine and cisplatin
was six (IQR, 4 to 6) for both drugs in the neci+GC arm and
six (IQR, 2 to 6) and five (IQR, 2 to 6), respectively, in the GC
arm. The respective median relative dose intensities of gemcitabine and cisplatin were 80.3% and 90.0% in the neci+GC
arm and 90.0% and 97.7% in the GC arm. In the neci+GC
arm, the median number of cycles of necitumumab was
seven (IQR, 4 to 9) and the median relative dose intensity of
necitumumab was 90.9%. Exposure to chemotherapy and
necitumumab was similar between the EA and non-EA subpopulations (data not shown).
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Table 1. Patient demographics and baseline disease characteristics
Characteristic
Male sex
Age, median (range, yr)
Age group (yr)
< 65
 65
ECOG PSa)
0
1
2
Smoking historyb)
Non-smoker
Ex-light smoker
Smoker

EA subpopulation
Neci+GC (n=43)

Non-EA subpopulation

GC (n=41)

Neci+GC (n=502)

GC (n=507)

38 (88.4)
65.0 (47-76)

35 (85.4)
64.0 (39-79)

412 (82.1)
62.0 (32-84)

423 (83.4)
62.0 (32-86)

21 (48.8)
22 (51.2)

23 (56.1)
18 (43.9)

311 (62.0)
191 (38.0)

317 (62.5)
190 (37.5)

9 (20.9)
33 (76.7)
1 (2.3)

8 (19.5)
31 (75.6)
2 (4.9)

155 (30.9)
299 (59.6)
48 (9.6)

172 (33.9)
289 (57.0)
45 (8.9)

5 (11.6)
3 (7.0)
35 (81.4)

5 (12.2)
4 (9.8)
32 (78.0)

21 (4.2)
15 (3.0)
465 (92.6)

22 (4.3)
22 (4.3)
463 (91.3)

Values are presented as number (%) unless otherwise indicated. EA, East Asian; neci+GC, necitumumab plus gemcitabine
and cisplatin; GC, gemcitabine and cisplatin; ECOG, Eastern Cooperative Oncology Group; PS, performance status. a)In the
GC arm (non-EA subpopulation), one patient with ECOG PS 3 in the electronic case report form (entered as ECOG PS 1 in the
interactive voice response system) was randomized in the study; this patient did not receive treatment, b)Information on smoking history was missing for one patient in the neci+GC arm (non-EA subpopulation).

Table 2. Summary of efficacy endpoints
Characteristic
OS, median (95% CI, mo)
HR (95% CI)a)
PFS, median (95% CI, mo)
HR (95% CI)a)
TTF, median (95% CI, mo)
HR (95% CI)a)
Complete response, n (%)
Partial response, n (%)
Stable disease, n (%)
Progressive disease, n (%)
Not evaluable/not assessed, n (%)
ORR (95% CI, %)
DCR (95% CI, %)

EA subpopulation
Neci+GC (n=43)

GC (n=41)

12.0 (7.3-15.2)
12.2 (5.5-14.7)
0.805 (0.484-1.341)
5.6 (4.7-6.4)
5.3 (2.8-5.6)
0.720 (0.439-1.180)
5.5 (4.2-5.7)
3.7 (1.6-5.3)
0.684 (0.434-1.077)
0(
0(
16 (37.2)
12 (29.3)
19 (44.2)
15 (36.6)
3 (7.0)
7 (17.1)
5 (11.6)
7 (17.1)
37.2 (24.4-52.1)
29.3 (17.6-44.5)
81.4 (67.4-90.3)
65.9 (50.5-78.4)

Non-EA subpopulation
Neci+GC (n=502)

GC (n=507)

11.5 (10.5-12.6)
9.8 (8.8-11.1)
0.839 (0.730-0.964)
5.7 (5.6-6.0)
5.5 (4.8-5.6)
0.862 (0.749-0.993)
4.3 (4.2-4.8)
3.6 (3.2-4.1)
0.858 (0.757-0.974)
0(
3 (0.6)
154 (30.7)
143 (28.2)
257 (51.2)
249 (49.1)
38 (7.6)
48 (9.5)
53 (10.6)
64 (12.6)
30.7 (26.8-34.8)
28.8 (25.0-32.9)
81.9 (78.3-85.0)
77.9 (74.1-81.3)

EA, East Asian; neci+GC, necitumumab plus gemcitabine and cisplatin; GC, gemcitabine and cisplatin; OS, overall survival;
CI, confidence interval; HR, hazard ratio; PFS, progression-free survival; TTF, time-to-treatment failure; ORR, objective
response rate; DCR, disease control rate. a)Neci+GC vs. GC.

4. Efficacy measures
OS, PFS, and TTF were improved for neci+GC versus GC
in both the EA and non-EA subpopulations (Table 2, Fig. 2).
In the EA subpopulation, the ORR was 37.2% and 29.3% in

the neci+GC and GC arms, respectively, and the DCR was
81.4% and 65.9%, respectively (Table 2). In the non-EA subpopulation, the ORR was 30.7% and 28.8% in the neci+GC
and GC arms, respectively, and the DCR was 81.9% and
77.9%, respectively (Table 2).
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Fig. 2. Kaplan-Meier analysis of overall survival and progression-free survival in the EA and non-EA subpopulations. Overall
survival in the neci+GC and GC arms in the EA subpopulation (A) and non-EA subpopulation (B). Progression-free survival
in the neci+GC and GC arms in the EA subpopulation (C) and non-EA subpopulation (D). EA, East Asian; neci+GC, necitumumab plus gemcitabine and cisplatin; GC, gemcitabine and cisplatin; HR, hazard ratio; CI, confidence interval.

5. Post-study systemic therapy
In the EA subpopulation, post-study systemic therapy was
reported by a higher proportion of patients in the neci+GC
arm than the GC arm (21/43 patients, 48.8% vs. 14/41
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patients, 34.1%), including docetaxel (34.9% vs. 22.0%) and
erlotinib (14.0% vs. 9.8%). In the non-EA subpopulation,
post-study systemic therapy was reported by a similar proportion of patients in the neci+GC (237/502 patients, 47.2%)
and GC (231/507 patients, 45.6%) arms. Docetaxel use was
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Table 3. Summary of AEs
AE
Any AE
Possibly related to neci
Any SAE
Possibly related to neci
Any grade  3 AE
Possibly related to neci
Any AE with outcome of death
Possibly related to neci
Any AE leading to discontinuation
of any study drug
Any AE leading to discontinuation of neci

EA subpopulation
a)

b)

Non-EA subpopulation

Neci+GC (n=41)

GC (n=39)

Neci+GCa) (n=497)

GCb) (n=502)

41 (100)
30 (73.2)
27 (65.9)
1 (2.4)
36 (87.8)
5 (12.2)
7 (17.1)
0(
8 (19.5)

37 (94.9)
NA
20 (51.3)
NA
25 (64.1)
NA
3 (7.7)
NA
4 (10.3)

492 (99.0)
378 (76.1)
230 (46.3)
31 (6.2)
352 (70.8)
84 (16.9)
59 (11.9)
2 (0.4)
160 (32.2)

492 (98.0)
NA
183 (36.5)
NA
308 (61.4)
NA
54 (10.8)
NA
129 (25.7)

1 (2.4)

NA

39 (7.8)

NA

Values are presented as number (%). AE, adverse event; EA, East Asian; neci+GC, necitumumab plus gemcitabine and cisplatin; GC, gemcitabine and cisplatin; SAE, serious adverse event; NA, not applicable. a)Safety observation period=treatment
and continuation phases, b)Safety observation period=continuation phase.

higher in the neci+GC arm than the GC arm (30.3% vs.
23.3%), while erlotinib use was higher in the GC arm than
the neci+GC arm (14.0% vs. 10.2%).
6. Safety and tolerability measures
1) Adverse events
The proportions of patients experiencing serious adverse
events (SAEs), AEs of grade  3, and AEs with an outcome
of death were numerically higher for (1) EA patients treated
with neci+GC than EA patients treated with GC and (2) EA
patients treated with neci+GC than non-EA patients treated
with neci+GC (Table 3). The proportion of patients experiencing AEs possibly related to necitumumab was similar for
the EA and non-EA subpopulations (Table 3). For patients
treated with GC, the proportion of patients experiencing
SAEs was higher in the EA subpopulation than in the nonEA subpopulation, while the proportions of patients experiencing AEs of grade  3 and AEs with an outcome of death
were similar in the EA and non-EA subpopulations (Table 3).
AEs leading to the discontinuation of any study drug were
reported more frequently in the neci+GC arm than the GC
arm in both the EA and non-EA subpopulations (Table 3).
2) AEs of interest
In the EA subpopulation, expected EGFR-associated toxicities such as rash, hypomagnesemia, and venous thromboembolic events were reported more frequently in the
neci+GC arm than the GC arm (Table 4). In particular, 80.5%

of EA patients receiving neci+GC reported skin rash of any
grade compared with 17.9% of EA patients receiving GC
(Table 4). In general, the profiles of the AEs of interest were
similar between the EA and non-EA subpopulations (Table
4). There were some numerical differences between the
neci+GC arms in the EA and non-EA subpopulations. Specifically, neutropenia and thrombocytopenia were reported
more frequently, and hypomagnesemia less frequently, in
the neci+GC arm in the EA subpopulation than the non-EA
subpopulation.

Discussion
This post hoc subgroup analysis of the SQUIRE study
showed that addition of an agent targeting the EGFR to platinum-based doublet chemotherapy resulted in a survival
benefit for EA patients with advanced squamous NSCLC.
The EA patients who received neci+GC also experienced
improvements in PFS, TTF, ORR, and DCR compared with
those receiving GC, and these improvements in efficacy were
accompanied by an acceptable safety profile. The efficacy
and safety results observed for neci+GC versus GC in the EA
subpopulation were consistent with those observed in the
non-EA subpopulation of the SQUIRE study, which constituted a large, predominantly Caucasian, multinational
patient population. The results of this subgroup analysis suggest that necitumumab, in combination with gemcitabine
and cisplatin chemotherapy, may provide an additional firstVOLUME 49 NUMBER 4 October 2017
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Table 4. Adverse events of interest
Adverse event
of interest
Neutropenia
Febrile neutropenia
Anemia
Thrombocytopenia
Fatigue
Hypomagnesemia
Skin rash
Interstitial lung disease
Venous thromboembolic
events
Arterial thromboembolic
events

EA subpopulation
Neci+GC (n=41)

Non-EA subpopulation

GC (n=39)

Neci+GC (n=497)

GC (n=502)

Any grade

Grade  3

Any Grade

Grade  3

Any grade

Grade  3

Any grade

Grade  3

25 (61.0)
2 (4.9)
16 (39.0)
14 (34.1)
15 (36.6)
7 (17.1)
33 (80.5)
2 (4.9)
5 (12.2)

15 (36.6)
1 (2.4)
5 (12.2)
5 (12.2)
0(
1 (2.4)
2 (4.9)
1 (2.4)
1 (2.4)

20 (51.3)
1 (2.6)
14 (35.9)
13 (33.3)
20 (51.3)
5 (12.8)
7 (17.9)
1 (2.6)
2 (5.1)

12 (30.8)
1 (2.6)
6 (15.4)
5 (12.8)
2 (5.1)
0(
0(
0(
1 (2.6)

210 (42.3)
4 (0.8)
209 (42.1)
103 (20.7)
214 (43.1)
161 (32.4)
377 (75.9)
3 (0.6)
44 (8.9)

116 (23.3)
3 (0.6)
52 (10.5)
50 (10.1)
39 (7.8)
49 (9.9)
36 (7.2)
1 (0.2)
26 (5.2)

228 (45.4)
7 (1.4)
234 (46.6)
133 (26.5)
210 (41.8)
80 (15.9)
48 (9.6)
3 (0.6)
27 (5.4)

137 (27.3)
6 (1.2)
53 (10.6)
53 (10.6)
36 (7.2)
6 (1.2)
2 (0.4)
3 (0.6)
13 (2.6)

4 (9.8)

2 (4.9)

3 (7.7)

1 (2.6)

25 (5.0)

19 (3.8)

18 (3.6)

10 (2.0)

Values are presented as number (%). EA, East Asian; neci+GC, necitumumab plus gemcitabine and cisplatin; GC, gemcitabine
and cisplatin.

line treatment option for EA patients with advanced squamous NSCLC, a tumor type for which new treatments have
been scarce over the past decade [1].
Overall, the efficacy results for the EA subpopulation in
the SQUIRE study were consistent with those for the non-EA
subpopulation and for the overall SQUIRE study population
[9]. Taking the small number of EA patients and the limitations of this post hoc analysis into account, improvements in
the OS and PFS for neci+GC versus GC for the EA subpopulation were in a similar range to those for the non-EA subpopulation and the overall SQUIRE study population [9].
The HRs for OS and PFS for the EA subpopulation were in
the same direction as, and overlapped with, those of the nonEA subpopulation and the overall SQUIRE study population
[9]. These findings indicate that the true effect of neci+GC in
the EA subpopulation may not be different from the treatment effect observed in the non-EA subpopulation or the
overall SQUIRE study population; namely, a reduction in
risk of death and disease progression. However, it should be
noted that the use of post-study systemic therapy in the EA
subpopulation was higher in the neci+GC arm than the GC
arm (48.8% vs. 34.1%). An effect of post study therapy on OS
cannot be ruled out.
Overall, the safety results for the EA subpopulation in the
SQUIRE study were consistent with those for the non-EA
subpopulation and for the overall SQUIRE study population
[9]. As observed for the overall SQUIRE study population
[9], the addition of necitumumab to gemcitabine and cisplatin chemotherapy was associated with an increase in
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grade 3 or higher AEs and in expected EGFR-associated toxicities [17-19], such as rash, hypomagnesemia, and venous
thromboembolic events. There were numerical differences in
the incidence of some types of AEs (SAEs, AEs of grade  3,
AEs with an outcome of death, neutropenia, thrombocytopenia, hypomagnesemia) between the neci+GC arms in the EA
and non-EA subpopulations, which may be a result of the
small number of patients in the EA subpopulation. Moreover, when interpreting these safety results, it should be
noted that (1) some risk factors (e.g., history of hypertension)
were not balanced between treatment arms and (2) the safety
observation period for the neci+GC arm included the treatment and continuation phases and was therefore longer than
the safety observation period for the GC arm, which only
included the induction phase. Nevertheless, the safety results
observed in the neci+GC arm in the EA subpopulation represent an acceptable safety profile for a first-line treatment
regimen for advanced squamous NSCLC. The median relative dose intensities of gemcitabine (80.3%) and cisplatin
(90.0%) in the neci+GC arm in the EA subpopulation are also
evidence that the addition of necitumumab to gemcitabine
and cisplatin chemotherapy is well tolerated in this study
population.
A few treatments have recently shown clinical benefit in
patients with advanced squamous NSCLC. These include
nab-paclitaxel, an albumin-bound formulation of paclitaxel,
nivolumab and pembrolizumab, monoclonal antibody
inhibitors of programmed cell death 1 protein, and cetuximab. A study of nab-paclitaxel plus carboplatin compared
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with solvent-based paclitaxel plus carboplatin as first-line
treatment in patients with advanced NSCLC showed a
higher response rate (41% vs. 24%) and longer median OS
(10.7 vs. 9.5 months) with nab-paclitaxel versus solventbased paclitaxel in the subgroup of 450 patients with squamous NSCLC. Specifically, the response rate (26% vs. 25%)
and median OS (13.1 months vs. 13.0 months) were similar
between the two treatment regimens in the subgroup of 602
patients with nonsquamous NSCLC [20]. In a study of 272
patients with previously treated squamous NSCLC, nivolumab significantly improved OS compared with docetaxel
(9.2 months vs. 6.0 months) [21]. The chimeric EGFR antibody cetuximab interacts with a similar EGFR epitope to
necitumumab [22]. The survival benefit observed in response
to cetuximab treatment in the subgroup of patients with
squamous NSCLC in the FLEX study [16] was confirmed in
a meta-analysis of four open-label randomized studies,
which included the FLEX study (HR, 0.77; 95% CI, 0.64 to
0.93) [23]. Previous studies have shown that targeting the
EGFR with EGFR TKIs has not benefited patients with squamous NSCLC [1,2]. However, these cetuximab studies, along
with the SQUIRE study [9], indicate that targeting the EGFR
with a monoclonal antibody is a promising approach for the
treatment of patients with squamous NSCLC.
This subgroup analysis of EA patients enrolled in the
SQUIRE study was limited by the small sample size, which
led to insufficient power to demonstrate a statistically significant difference between treatment arms in the EA subpopulation. Other limitations included the post hoc nature of the
analysis and the lack of formal comparisons between the EA
and non-EA subpopulations. Moreover, some risk factors
(e.g., history of hypertension) were not balanced between

treatment arms. A strength of the analysis was that the baseline demographics and disease characteristics of the EA subpopulation were similar to the overall population and
reflective of a typical squamous NSCLC patient population,
with the majority of patients being male and smokers.
Although limited by the small sample size and post hoc
nature of the analysis, the efficacy of neci+GC for the EA
patients in the SQUIRE study was consistent with that
observed for the non-EA patients, with improvements in OS,
PFS, and TTF. In addition, the overall safety data for the EA
patients in the SQUIRE study were consistent with those for
the non-EA patients and represent an acceptable safety profile. Taken together, these findings suggest that the addition
of necitumumab to platinum-based doublet chemotherapy
may offer a survival advantage and favorable benefit/risk
for EA patients with advanced squamous NSCLC.
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Upregulation of MicroRNA-1246 Is Associated with BRAF Inhibitor
Resistance in Melanoma Cells with Mutant BRAF

Purpose
Intrinsic and acquired resistance limit the therapeutic benefits of inhibitors of oncogenic
BRAF in melanoma. To identify microRNAs (miRNAs) associated with resistance to a BRAF
inhibitor, we compared miRNA expression levels in three cell lines with different BRAF
inhibitor sensitivity.

Jae-Hyeon Kim, MS1
Jun-Ho Ahn, PhD2
Michael Lee, PhD1

Materials and Methods
miRNA microarray analysis was conducted to compare miRNA expression levels. Real-time
quantitative reverse-transcription polymerase chain reaction (qRT-PCR) was performed to
confirm the expression of differentially expressed miRNAs. The cellular effects of miR-1246
were further examined by MTT assay, immunoblotting analysis, cell cycle analysis, flow cytometric assay of apoptosis, and autophagy assay.
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Results
The miRNA microarray analysis and qRT-PCR identified five miRNAs (miR-3617, miR-92a1, miR-1246, miR-193b-3p, and miR-17-3p) with expression that was consistently altered
in two BRAF inhibitor-resistant cell lines. Among the five miRNAs, a miR-1246 mimic significantly reduced the antiproliferative effects of the BRAF inhibitor PLX4720 in BRAF inhibitor–
resistant A375P (A375P/Mdr) cells, suggesting that miR-1246 upregulation confers
acquired resistance to BRAF inhibition. In particular, apoptosis was identified as a major
type of cell death in miR-1246–transfected cells; however, necrosis predominated in mimiccontrol-transfected cells, indicating that the resistance to PLX4720 in miR-1246 mimictransfected cells is predominantly due to a reduction in necrosis. Furthermore, we found
that miR-1246 promoted G2/M arrest through autophagy as a way to escape cell death by
necrosis and apoptosis in response to PLX4720. The promotion of BRAF inhibitor resistance
by miR-1246 was associated with lowered levels of p-ERK.
Conclusion
These results suggest that miR-1246 may be a potential therapeutic target in melanoma
with acquired resistance to BRAF inhibitors.

Introduction
BRAF somatic mutations that render BRAF constitutively
active are observed in 50%-60% of malignant melanomas [1].
Thus, BRAF inhibitors have recently shown promise for the
treatment of metastatic melanoma harboring such BRAF
│ http://www.e-crt.org │
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mutations [2]. We also reported UAI-201 (also known as
UI-152) as a potent ATP-competitive inhibitor of RAF proteins [3]. UAI-201 is more than 1,000-fold more selective at
inhibiting the proliferation of tumor cell lines bearing the
BRAF V600E mutation when compared with that of cells carrying wild-type BRAF [3]. However, the development of
acquired resistance to inhibitors of oncogenic BRAF limits
Copyright ⓒ 2017 by the Korean Cancer Association
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the duration of the tumor response [4]. Besides BRAF
inhibitors, most anticancer drugs have the problem of drug
resistance, which limits their effectiveness. Accordingly,
understanding the molecular mechanisms of drug resistance
is necessary to improve the effectiveness of cancer therapies.
In general, reactivation of the mitogen-activated protein
kinase (MAPK) pathway is considered a primary mechanism
underlying the acquired resistance to BRAF inhibitors [5].
Our previous study indicated that induction of resistance to
a BRAF inhibitor is associated with the inability of Spry2 to
inhibit BRAF V600E activity in cells with mutant BRAF [6].
In fact, the relief of feedback after targeted therapy may be
viewed as a key contributor to therapeutic resistance [7].
Small noncoding microRNAs (miRNAs) have been confirmed to regulate the expression of target mRNAs by
repressing their translation [8]. A growing body of evidence
shows that dysregulation of miRNA expression contributes
to acquisition of drug resistance by cancer cells [9]. Nevertheless, relatively few studies have explored the roles of miRNAs in resistance to BRAF inhibitor therapy, although
several studies identified miRNAs that alter some of the
oncogenic factors in melanoma cells [10]. In particular, overexpression of miR-514a inhibits NF1 expression, which is correlated with increased survival of BRAF V600E cells treated
with PLX4032 [11].
In this study, we used the Affymetrix miRNA V3.0
microarray profiling platform to compare miRNA expression
levels in three melanoma cell lines: BRAF inhibitor–sensitive
A375P BRAF V600E cells, their BRAF inhibitor–resistant
counterparts (A375P/Mdr), and SK-MEL-2 BRAF wild type
(WT) cells. The A375P/Mdr cells with acquired resistance to
BRAF inhibitors were generated by propagating parental
A375P cells harboring the BRAF V600E mutation at increasing concentrations of a BRAF inhibitor to implement chronic
selection [12]. The SK-MEL-2 cell line expressing WT BRAF
has intrinsic resistance to BRAF inhibition because the BRAF
inhibitor lacks activity against cell lines that express WT
BRAF. We found that 43 miRNAs are deregulated in BRAF
inhibitor–resistant cells compared with those in BRAF
inhibitor–sensitive cells. We also found that ectopically
expressed miR-1246 can confer resistance to PLX4720 (a
BRAF inhibitor) to A375P/Mdr cells.

Kit was acquired from Qiagen (Valencia, CA). SYBR Premix
EX TaqII, which was used for real time polymerase chain
reaction (PCR), was purchased from Takara Korea Biomedical Inc. (Seoul, Korea). For the apoptosis assay, a FITC
Annexin V Apoptosis Detection Kit was purchased from BD
Biosciences Pharmingen (San Diego, CA). For the flow cytometric autophagy assay, Cyto-ID Green dye was acquired
from ENZO Life Sciences, Inc. (Farmingdale, NY). Rabbit
polyclonal anti-MEK, anti-ERK, anti-p21Cip1, and anti-p27Kip1
antibodies were acquired from Santa Cruz Biotechnology
(Santa Cruz, CA), whereas anti–phospho-MEK (anti–p-MEK
Ser217/221) and anti–phospho-ERK (anti–p-ERK, Thr202/
Tyr204) antibodies were purchased from Cell Signaling Technology (Danvers, MA). Dulbecco’s modified Eagle’s medium
(DMEM), fetal bovine serum (FBS), and penicillin-streptomycin were purchased from Life Technologies (Carlsbad,
CA). The reagents for sodium dodecyl sulfate (SDS)–polyacrylamide gel electrophoresis were acquired from BioRad
(Hercules, CA), while PLX4720 was obtained from Selleck
Chemicals (Houston, TX).
2. Cell lines and cell culture
For this study, we used three melanoma cell lines: BRAF
inhibitor–sensitive A375P BRAF V600E cells, their BRAF
inhibitor–resistant counterparts (A375P/Mdr), and SK-MEL2 BRAF-WT cells with intrinsic resistance to the BRAF
inhibitor. A375P and SK-MEL-2 cells were acquired from
either the Korean Cell Line Bank (KCLB; Seoul, Korea) or
YOUAI Co., Ltd. (Suwon, Korea). A375P/Mdr cells were
previously established by chronic selection with increasing
doses of an inhibitor of oncogenic BRAF [12]. All cell lines
were maintained at 37°C in DMEM supplemented with 10%
FBS, penicillin-streptomycin, and glutamine. A375P/Mdr
cells were further propagated in growth medium containing
the BRAF inhibitor PLX4720 (1 µM). Before their use in the
experiments, A375P/Mdr cells were maintained in PLX4720free culture medium and subcultured at least three times. For
experimental purposes, the cells were cultured in 60-mm tissue culture dishes until they reached ~80% confluence.
PLX4720 was dissolved in dimethyl sulfoxide (DMSO) and
diluted immediately before each experiment. The DMSO
concentration was less than 0.1% in all experiments.
3. MiRNA microarray profiling

Materials and Methods
1. Materials
The Affymetrix miRNA V3.0 array profiling platform was
supplied by Affymetrix (Santa Clara, CA). The RNeasy Midi
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Total RNA was extracted from three melanoma cell lines
using a miRNeasy Kit (Qiagen). The quantity and purity of
RNA samples were assessed using an Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA). Total RNA was
subjected to miRNA expression profiling (miRBase release
17.0) using the Affymetrix miRNA V3.0 array with a probe
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set for 1,733 human mature miRNAs. Microarray hybridization, data generation, and normalization were performed by
GenoCheck Co., Ltd. (Seoul, Korea). The Affymetrix Expression Console software and Affymetrix 7G scanner were used
for bioinformatic analysis and visualization of microarray
data.

at 37°C for 3 hours. The absorbance of the samples against a
background control (medium alone), which served as a
blank, was measured at 450 nm using a SpectraMax 190
microplate reader (Molecular Devices, Sunnyvale, CA).
7. Flow cytometric analysis of autophagic activity with
Cyto-ID staining

4. Real-time quantitative reverse-transcription PCR
Real-time quantitative reverse-transcription PCR (qRTPCR) was performed to confirm the expression of differentially expressed miRNAs that were identified in the miRNA
microarray analysis. Briefly, total RNA was isolated using a
RNeasy Mini Kit (Qiagen). The primer sequences were then
selected using the Primer3Plus software (http://primer3plus.
com/), after which the primers were synthesized by Bioneer
(Daejeon, Korea). The primers used in the present study had
the following oligonucleotide sequences: miR-3617, 5-CTCAAAGGGCTCATTGGTTG-3 and 5-GCCTGCTAAATGGAGTGTGC-3; miR-92a-1, 5-GCCCAATCAAACTGTCCTGT-3 and 5-CAATCCCCACCAAACTCAAC-3; miR-1246,
5-TGAAGTAGGACTGGGCAGAGA-3 and 5-TGTTTGCAATAGCCCTTTGAG-3; miR-193b-3p, 5-ATCCCGGTTCTCCAAACTCT-3 and 5-TGGTAGCTCTCTGCCCTCAC-3;
miR-17-3p, 5-TTGTAAAACTGAAGATTGTGACCA-3 and
5-TGCCAGAAGGAGCACTTAGG-3. qRT-PCR was conducted on an Applied Biosystems 7300 Real-Time PCR System (Applied Biosystems, Foster City, CA) using SYBR
Premix EX TaqII. The mean threshold cycle (Ct) was calculated from data from triplicate reactions. The 2Ct method
was used to calculate the fold differences in miRNA among
the tested samples [13].
5. miRNA mimic transfection procedures
The sequence of the miR-1246 mimic (5-AAUGGAUUUUUGGAGCAGG-3) was retrieved from the miRBase database (http://www.mirbase.org), and the sequence of the
miR-122 inhibitor was completely complementary to that of
miR-1246. Cells were transiently transfected with 50 nM miR1246 mimic, inhibitor or its negative control (Bioneer) using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA).
6. Cell growth assay
Cells were transfected with either miRNA mimics or
inhibitors and their control using Lipofectamine 2000 for 24
hours. The cells were plated in quadruplicate in 96-well
microtiter plates (Costar, Cambridge, MA) at 5103/well and
then incubated with PLX4720 at 37°C in a humidified 5% CO2
incubator. On day 3, the cells were incubated with 3-(4,5dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)

The Cyto-ID fluorescent reagent specifically labels
autophagic vacuoles and colocalizes with LC3 [14]. Thus,
autophagosome formation in cells was detected using the
Cyto-ID Autophagy Detection Kit (ENZO Life Sciences Inc.).
Briefly, cells were trypsinized, pelleted by centrifugation,
and washed twice in a phenol-red-free culture medium with
2% FBS. The cells were then resuspended in 0.5 mL of freshly
diluted Cyto-ID reagent and incubated at 37°C for 30 minutes, after which the Cyto-ID fluorescence of cells was
immediately analyzed using a Gallios flow cytometer and
the Kaluza analysis software (Beckman Coulter Inc., Brea,
CA). The percentage of cells with Cyto-ID staining was used
to assess the formation of autophagosomes.
8. Apoptosis assay using annexin V staining and flow
cytometry
Apoptosis was quantified using the FITC Annexin V
Apoptosis Detection Kit (BD Biosciences Pharmingen).
Briefly, after treatment with the BRAF inhibitor, 2106 cells
were harvested, washed with ice-cold phosphate-buffered
saline (PBS), resuspended in 200 µL of binding buffer [10 mM
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES)NaOH pH 7.4, 140 mM NaCl, and 2.5 mM CaCl2], and incubated with 5 µL of annexin V conjugated with FITC for 10
minutes at room temperature in the dark. The samples were
then washed with binding buffer, resuspended in PBS, counterstained with propidium iodide (PI), and analyzed on the
Gallios flow cytometer and with the Kaluza analysis software. The annexin V/PI+ cells were assumed to be necrotic,
annexin V+/PI+ cells were considered late apoptotic, and
annexin V+/PI cells were assumed to be early apoptotic.
9. Preparation of cell lysates and immunoblot analysis
Whole-cell lysates were prepared as follows. Cells were
washed twice with ice-cold PBS, then harvested by scraping
into lysis buffer (20 mM Tris-HCl pH 8.0, 150 mM NaCl, 1%
Triton X-100, 2 mM EDTA, 1 mM phenylmethylsulfonyl fluoride, 20 µg/mL aprotinin, 10 µg/mL leupeptin, 20 mM
-glycerophosphate, and 2 mM sodium fluoride). Cell lysates
were clarified by centrifugation at 15,000 g for 10 minutes
at 4°C, after which lysate protein concentrations were determined with the BCA Protein Assay Reagent Kit (Pierce,
VOLUME 49 NUMBER 4 October 2017
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Table 1. List of miRNA analyzed by real-time quantitative reverse-transcription polymerase chain reaction
miRNA name
Up-regulation
hsa-miR-1246
hsa-miR-146b-5p
hsa-miR-1909-3p
hsa-miR-193b-3p
hsa-miR-1972
hsa-miR-1973
hsa-miR-3195
hsa-miR-3617
hsa-miR-4532
hsa-miR-4726-5p
Down-regulation
hsa-miR-1184
hsa-miR-125b-1-5p
hsa-miR-135b-3p
hsa-miR-139b-5p
hsa-miR-17-3p
hsa-miR-199a-3p
hsa-miR-199b-3p
hsa-miR-20b-3p
hsa-miR-222-5p
hsa-miR-23a-5p
hsa-miR-33b-3p
hsa-miR-92a-1-5p

Fold change vs. A375P
A375P/Mdr

3.89
19.40
2.53
4.24
4.32
3.35
6.31
6.48
4.18
4.06

3.78
3.10
4.17
2.25
2.46
3.48
6.18
2.64
8.63
5.75

AAUGGAUUUUUGGAGCAGG
UGAGAACUGAAUUCCAUAGGCU
CGCAGGGGCCGGGUGCUCACCG
AACUGGCCCUCAAAGUCCCGCU
UCAGGCCAGGCACAGUGGCUCA
ACCGUGCAAAGGUAGCAUA
CGCGCCGGGCCCGGGUU
AAAGACAUAGUUGCAAGAUGGG
CCCCGGGGAGCCCGGCG
AGGGCCAGAGGAGCCUGGAGUGG

2.77
8.98
2.87
2.58
2.98
15.91
15.82
2.01
2.37
2.99
6.52
6.78

2.77
2.20
2.60
5.86
2.22
19.26
31.95
3.01
6.75
2.40
2.56
6.31

CCUGCAGCGACUUGAUGGCUUCC
ACGGGUUAGGCUCUUGGGAGCU
AUGUAGGGCUAAAAGCCAUGGG
UCUACAGUGCACGUGUCUCCAG
ACUGCAGUGAAGGCACUUGUAG
ACAGUAGUCUGCACAUUGGUUA
ACAGUAGUCUGCACAUUGGUUA
ACUGUAGUAUGGGCACUUCCAG
CUCAGUAGCCAGUGUAGAUCCU
GGGGUUCCUGGGGAUGGGAUUU
CAGUGCCUCGGCAGUGCAGCCC
AGGUUGGGAUCGGUUGCAAUGCU

Rockford, IL). For immunoblotting, whole-cell lysates were
denatured in Laemmli sample buffer, then resolved by SDSpolyacrylamide gel electrophoresis. The proteins were transferred to a nitrocellulose membrane, after which immunoblotting analysis was performed using the appropriate primary antibodies. The immune complexes were visualized
with an Amersham ECL Kit (GE Healthcare Life Sciences) in
the dark and images were captured using the BioRad ChemiDoc XRS+ instrument (Hercules, CA). Band intensity values
were measured using the BioRad Image Lab software ver.
5.2.1 (BioRad Laboratories Inc.).

Results
1. TaqMan qRT-PCR confirmation of differentially regulated miRNAs
To determine which miRNAs are responsible for resistance
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miRNA sequence

SK-MEL-2

to BRAF inhibitors, we examined changes in miRNA expression in three cell lines: BRAF inhibitor–sensitive A375P BRAF
V600E cells and two BRAF inhibitor–resistant cell lines
(A375P/Mdr and SK-MEL-2 BRAF-WT). The miRNAs with
an at least two-fold change in expression between BRAF
inhibitor–sensitive and –resistant cell lines were identified as
differentially expressed. Averaged intensity measurements
identified 43 miRNAs with expression that was consistently
altered two-fold or more in two BRAF inhibitor-resistant cell
lines, regardless of whether the resistance was intrinsic or
acquired. Of these, 25 miRNAs were consistently upregulated and 18 were downregulated by more than two-fold.
To validate the results of the microarray analysis, qRT-PCR
was conducted for the 22 selected miRNAs (10 upregulated
and 12 downregulated miRNAs) using the TaqMan
MicroRNA Assay (Table 1). Some discrepancies were
detected when miRNA microarray data were collated with
qRT-PCR–measured expression levels. Nevertheless, qRTPCR analysis of five miRNAs showed excellent agreement
with the microarray experiments (Fig. 1). We found miR1246, miR-193b-3p, and miR-3617 to be consistently upregu-
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Fig. 1. Validation of miRNA microarray data using miRNA-specific real-time quantitative reverse-transcription polymerase
chain reaction. Real-time reverse-transcription polymerase chain reaction was conducted to measure the mRNA expression
levels of miR-17-3-p, miR-92a-1, miR-3617, miR-1246, and miR-193b-3p. The mean threshold cycle (Ct) was determined based
on triplicate reactions. The 2Ct method was used to calculate the fold differences in miRNA expression among the tested
samples. The expression of the target genes was normalized to GAPDH expression. **p < 0.01 according to Dunnett’s t test
in relative to BRAF inhibitor–sensitive A375P cells.
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Fig. 2. MicroRNA-1246 controls the resistance to the BRAF inhibitor in melanoma cells. A375P (A), A375P/Mdr (B), and
SK-MEL-2 (C) cells were transiently transfected with a miR-1246 mimic or inhibitor for 24 hours and then treated with
PLX4720 in 96-well plates for 3 days. Cell growth was then evaluated using a MTT assay. The data represent the means
(standard deviation) of quadruplicates from one of three representative experiments (A, C) or of three independent experiments (B). **p < 0.01 and *p < 0.05 compared with the negative control, according to Dunnett’s t test.
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Fig. 3. Transfection with miR-1246 leads to decreased cell growth and G2/M arrest. A375P/Mdr cells were transiently transfected with miR-1246 mimic or control RNA for 24 hours, then treated with PLX4720 for 48 hours (A, B) or 72 hours (C).
(A) Cell cycle progression was assessed by staining fixed cells with propidium iodide and by flow cytometric analysis (with
proper preparation of the cells). The vertical and horizontal axes represent the cell number and DNA fluorescence intensity,
respectively. The percentages of cells in individual cell cycle phases were quantified using the Cell Quest Pro software. The
presented results are representative of at least three independent experiments. (B) Whole cell extracts were prepared at 48
hours after PLX4720 treatment. The expression levels of p21Cip1 and p27Kip1 were assessed by immunoblotting. -Actin was
assessed as a control for protein loading. The results presented are representative of two independent experiments. (Continued
to the next page)
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Fig. 3. (Continued from the previous page) (C) Apoptosis was evaluated by staining with annexin V 72 hours after transfection.
The flow cytometric profile shows the annexin V–FITC staining on the X-axis and the propidium iodide (PI) staining on the
Y-axis. The numbers represent the percentage of cells in each quadrant. The presented results are representative of at least
three independent experiments.

lated in the two BRAF inhibitor–resistant cell lines. In contrast, miR-17-3p and miR-92a-1 were downregulated in the
two BRAF inhibitor–resistant cell lines.
2. The miR-1246 mimic confers resistance to oncogenic
BRAF inhibitors in A375P/Mdr cells
To explore the cellular functions of miRNAs associated
with resistance to BRAF inhibitors, the effects of miRNAs on
cell proliferation were determined after transient transfection
(Fig. 2). Synthetic oligonucleotide miRNA mimics and
inhibitors were transfected into three cell lines, and proliferation was quantified by a colorimetric assay. Of the five miRNAs tested (S1 Fig.), miR-1246 (which was upregulated in
BRAF inhibitor–resistant cells) conferred strong additional
PLX4720 resistance to A375P/Mdr cells (Fig. 2B), implying
that miR-1246 upregulation is responsible for resistance to
BRAF inhibition. In addition, in SK-MEL-2 cells (intrinsically
resistant to BRAF inhibition), the difference in cell growth
rate between mimic-control-transfected and miR-1246
mimic-transfected cells was statistically significant; however,
the efficacy of miR-1246 was modest (Fig. 2C). MiR-1246 did
not cause PLX4720 resistance in BRAF inhibitor–sensitive
A375P cells. Moreover, miR-1246 inhibitors showed negligible effects on PLX4720-induced growth inhibition relative to
the mimic control.
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3. Effects of miR-1246 on PLX4720-induced G2/M arrest and
apoptosis
To characterize the mechanism by which miR-1246 induces
BRAF inhibitor resistance to A375P/Mdr cells, the effect of
miR-1246 on cell cycle distribution was determined by flow
cytometry. Cell cycle analysis showed a significant decrease
in the cell population with 2N DNA content (G1: 45.25% in
mimic-control-transfected population to 20.53% in population transfected with the miR-1246 mimic), whereas a
marked increase was observed in the population with 4N
DNA content (G2/M: 42.52% in mimic-control-transfected
population to 64.09% in population transfected with the miR1246 mimic) (Fig. 3A). The number of cells in the S phase was
approximately unchanged (12.23% vs. 15.37%). We also
investigated the expression of the cyclin-dependent kinase
inhibitors (CKIs) p21Cip1 and p27Kip1 (Fig. 3B). We detected a
remarkable decrease of p21Cip1 in A375P/Mdr cells after
PLX4720 treatment. We previously found a relatively high
background expression level of p21Cip1 in A375P/Mdr cells
compared to A375P cells [15]. Conversely, PLX4720 treatment only moderately increased the levels of p27Kip1 in
A375P/Mdr cells. However, miR-1246 had no effect on
PLX4720-induced changes in the levels of p21Cip1 and p27Kip1,
which implies that the miR-1246-mediated increase in G2/M
phase was not mediated by CKIs.
Because chemotherapeutic agents can cause apoptosis after
G2/M arrest, apoptotic cell death was assessed by staining
with FITC-labeled annexin V and PI. The data presented in
Fig. 3C revealed that the primary mechanism of cell death
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appeared to differ between miR-1246 mimic-transfected and
mimic-control-transfected A375P/Mdr cells. For the miR1246 mimic-transfected cells, PLX4720 resulted in the significant emergence of apoptotic cells, but not necrotic cells. In
miR-1246 mimic-transfected cells, the necrosis/apoptosis
ratio was 0.32. Conversely, among the mimic-control-transfected cells, the majority died via necrosis instead of apoptosis. The results showed the ratio of necrosis/apoptosis in
mimic-control-transfected cells was 4.33. These data imply
that the difference in sensitivity to PLX4720 between mimiccontrol-transfected and miR-1246 mimic-transfected cells
may result from the difference in the proportion of the
necrotic cell population.
4. The role of autophagy in miR-1246-mediated resistance
to the BRAF inhibitor
We previously reported that inhibitors of oncogenic BRAF
offer an effective therapeutic strategy against A375P BRAFV600E melanoma by modulating autophagy [12,16]. Thus,
we studied the role of autophagy in PLX4720-induced
growth inhibition using miR-1246–transfected cells. The
change in autophagy was examined by flow cytometry using
Cyto-ID, a green fluorescent dye that accumulates in
autophagic vacuoles [14]. This assay was recently demonstrated to be a rapid and quantitative method for monitoring
of autophagy [17]. A representative flow cytometry histogram of Cyto-ID fluorescence is shown in Fig. 4A. Treat-
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ment with PLX4720 resulted in a dose-dependent decrease
in autophagy of miR-1246 mimic-transfected cells; however,
it did not affect autophagy of mimic-control-transfected cells.
Fig. 4B shows that, when compared with mimic-controltransfected cells, PLX4720 significantly decreased Cyto-ID
fluorescence intensity in miR-1246–transfected A375P/Mdr
cells. These results imply that the miR-1246-induced inhibition of autophagy may contribute to the resistance to BRAF
inhibitors.
5. Effects of miR-1246 on MEK-ERK signaling
Because it is known that A375P/Mdr cells are resistant to
BRAF inhibitor-induced ERK inhibition [6], we used
immunoblotting to examine phospho-MEK and phosphoERK levels in mimic-control-RNA–transfected and miR1246–transfected A375P/Mdr cells after PLX4720 treatment
(Fig. 5). As previously reported, p-ERK levels remained relatively elevated in mimic-control-transfected cells in the
presence of PLX4720. Just as in BRAF inhibitor–sensitive
A375P cells, marked downregulation of p-ERK was detected
in miR-1246–transfected A375P/Mdr cells after PLX4720
treatment. Nonetheless, PLX4720 almost completely abrogated the phosphorylation of MEK, the upstream activator
of ERK, in both cell types. These results suggest that the promotion of BRAF inhibitor resistance by miR-1246 was associated with lowered levels of p-ERK.

Jae-Hyeon Kim, Role of miR-1246 in BRAF Inhibitor Resistance

Discussion
The onset of acquired resistance limits clinical efficacy of
BRAF inhibitors [4]. Although several studies have explored
the roles of miRNAs in melanoma development and progression [10,18], little is known about the possible involvement
of microRNAs in acquisition of BRAF inhibitor resistance.
Here, we identified 43 miRNAs associated with resistance to
BRAF inhibitors using a miRNA array platform. TaqMan
quantitative RT-PCR (qRT-PCR) analyses showed that five
of these miRNAs (miR-3617, miR-92a1, miR-1246, miR-193b3p, and miR-17-3p) may be associated with resistance to the
BRAF inhibitor, confirming the change in expression of these
miRNAs in two BRAF inhibitor–resistant cell lines. These
five miRNAs have not been extensively studied in terms of
resistance to BRAF inhibitors; however, some play oncogenic
or tumor suppressor roles in cancers. miR-92a and miR17-3p are upregulated in tumor cells and associated with
increased proliferation and tumorigenesis [19,20]. Among
the best studied is miR-1246, which was first identified during sequencing of human stem cells in 2008 [21]. Nonetheless,
there is an ongoing debate regarding whether miR-1246 acts
as an oncomicroRNA or tumor suppressor. Although the
expression of miR-1246 has been reported to be negatively
correlated with cancer progression [22], many other studies
revealed that miR-1246 can enhance cell migration and invasion in cancer cells [23], supporting the oncogenic role of
miR-1246. In particular, several reports on miR-1246 have
shown that miR-1246 promotes tumorigenesis by targeting
cytoplasmic polyadenylation element-binding protein 4 [24]
and thrombospondin 2 (THBS2) [25].
Based on microarray data, the average level of miR-1246
was found to be over threefold higher in two BRAF inhibitorresistant cells than in BRAF inhibitor–sensitive cells. A cell
growth assay revealed that the miR-1246 mimic confers the
strongest resistance to the BRAF inhibitor (PLX4720) in
A375P/Mdr cells. In addition, miR-1246 mimic also significantly reduced the antiproliferative effects of PLX4720 in
SK-MEL-2 cells, another cell line resistant to BRAF inhibitors;
however, the efficacy of miR-1246 was modest. Notably, our
miR-1246 mimic failed to reverse the growth inhibition by
PLX4720 in BRAF inhibitor–sensitive A375P cells. Thus, these
results indicate that a target gene of miR-1246 may be upregulated in cells with acquired resistance to BRAF inhibitors.
In agreement with our results suggesting that miR-1246
expression is associated with resistance to anti-BRAF therapy, the in vitro drug sensitivity of pancreatic cancer cells is
known to be altered depending on miR-1246 expression [26].
Nevertheless, the exact mechanism of action of miR-1246 in
drug resistance is not completely understood. Our previous
study revealed that treatment with a BRAF inhibitor leads to

a dose-dependent apoptotic changes in BRAF inhibitor-sensitive A375P cells [3]. In the present study, our flow cytometry results clearly showed necrosis instead of apoptosis in
BRAF inhibitor-resistant A375P/Mdr cells based on their
being 17.87% PI-positive annexin V–negative cells versus
only 4.12% PI-negative annexin V–positive cells. One possible mechanism behind the higher rate of necrosis in BRAF
inhibitor–resistant A375P/Mdr cells may be upregulation of
antiapoptotic pathways in A375P/Mdr cells, which may shift
the cells to necrosis during PLX4720 treatment. Conversely,
miR-1246 mimic transfection induced very little necrosis, but
a moderate degree of apoptosis in A375P/Mdr cells. These
results indicate that resistance to PLX4720 in miR-1246
mimic-transfected cells is predominantly due to a reduction
in necrosis concomitant with a moderate increase in apoptosis. It has been reported that miR-1246 can induce p53dependent apoptosis in response to DNA damage [27].
Nevertheless, autophagy has two seemingly contradictory
effects on tumor development. Increasing evidence indicates
that autophagy can either promote cell survival at certain
stages or cell death at other stages [28]. In our study, PLX4720
produced a significant decrease of autophagy in miR-1246–
transfected cells; however, it had no inhibitory effect in
mimic-control-transfected cells, implying that the miR-1246–
induced inhibition of autophagy may contribute to resistance
to BRAF inhibitors. In fact, G2/M arrest is associated with a
survival mechanism for cancer cells as a way to escape cell
death induced by anticancer therapy [29]. In the present
study, we found that PLX4720 caused much more G2/M
arrest in A375P/Mdr cells transfected with the miR-1246
mimic than that seen in mimic-control-RNA-transfected cells.
Thus, our results indicate that miR-1246 increases the cell
population in the G2/M phase through autophagy inhibition
and promotes escape from cell death by necrosis and apoptosis in response to PLX4720.
The continued activation of the MAPK pathway observed
in the presence of PLX4720 is believed to be a major cause of
BRAF resistance in BRAF inhibitor–resistant cells. It has been
reported that activation of ERK leads to negative feedback
regulation of MEK [30]. Our previous results also showed
that long-term treatment with BRAF inhibitors significantly
downregulated Spry2 in BRAF V600E–positive cell lines, and
that this change is accompanied by rebound activation of the
MAPK pathway [6]. As expected, the phospho-ERK levels
were relatively unresponsive to PLX4720 in mimic-controltransfected A375P/Mdr cells. Conversely, a decrease in the
amount of p-ERK was noted in miR-1246 mimic-transfected
A375P/Mdr cells, suggesting that the promotion of BRAF
inhibitor resistance by miR-1246 may be associated with lowered levels of p-ERK. Interestingly, in miR-1246 mimic-transfected A375P/Mdr cells, PLX4720 induced the phosphorylation of ERK in a slight dose-dependent manner up to 30
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µM. We previously reported that PLX4720 induced paradoxical phosphorylation of ERK in SK-MEL-2 cells that showed
a much lower level of p-ERK compared to A375P cells with
elevated levels of p-ERK [3]. Thus, in this study, we cannot
exclude the possibility that, as in SK-MEL-2 cells, PLX4720
induced the paradoxical activation of ERK in A375P/Mdr
cells in which p-ERK was markedly downregulated by miR1246. These data point to another mechanism behind the dysregulation of the MAPK pathway that may contribute to the
profound resistance associated with current BRAF-targeted
therapies.
Taken together, our results indicate that miR-1246 may be
a potential therapeutic target in melanoma with acquired
resistance to BRAF inhibitors. Nonetheless, the mechanism
underlying the miR-1246–induced resistance to the BRAF
inhibitor is unknown. Thus, a better understanding of miR1246 regulation should advance our knowledge of the
molecular mechanisms behind resistance to chemotherapy.
Further research investigating a miR-1246 knockout model
is needed to identify the potential target genes of miR-1246
and fully evaluate the functional impact and importance of
miR-1246 in melanoma cells.
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Purpose
This study was conducted to investigate the neurocognitive functioning of children with
intracranial germ cell tumor (IGCT) prior to receiving proton beam therapy (PBT), and to identify differential characteristics of their neurocognitive functioning depending on tumor location. As a secondary object of this study, neurocognitive functions were followed up at 1-2
years after PBT to examine early post-treatment changes.
Materials and Methods
Between 2008 and 2014, 34 children with IGCT treated who received PBT at National Cancer
Center, Korea were enrolled in this study. Standardized neurocognitive tests of intelligence,
memory, and executive functioning were performed with baseline psychological assessments
using the Child Behavior Checklist (CBCL). Follow-up assessments after PBT were conducted
in 20 patients (T2). The results were analyzed based on the locations of tumors, which
included the suprasellar, pineal gland, basal ganglia, and bifocal regions.
Results
The neurocognitive function of IGCT patients was significantly lower than that of the normal
population in performance intelligence quotient (p=0.041), processing speed (p=0.007),
memory (p < 0.001), and executive functioning (p=0.010). Patients with basal ganglia
tumors had significantly lower scores for most domains of neurocognitive functioning and
higher scores for CBCL than both the normal population and patients with IGCT in other
locations. There was no significant change in neurocognitive function between T1 and T2
for all types of IGCT patients in first 1-2 years after PBT.
Conclusion
Tumor location significantly affects the neuropsychological functioning in patients with IGCT.
Neuropsychological functioning should be closely monitored from the time of diagnosis in
IGCT patients.

Introduction
Intracranial germ cell tumors (IGCT), which are the most
common types of brain tumors in Asian children and adolescents [1,2], are typically found in the suprasellar area and
pineal gland, and less commonly in the basal ganglia. Pure
germinomas are very sensitive to radiotherapy and chemotherapy, and show excellent prognosis with 5-year overall
survival rates of  90% following radiotherapy with or with-
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out chemotherapy [3-5]. Non-germinomatous germ cell
tumors (NGGCT) have less favorable prognosis than pure
germinoma; however, the 5-year survival rate has reached
60%-80%, even for NGGCT after aggressive multimodal therapy was adopted [6-8]. The improvement in survival rates of
patients with IGCTs has raised questions regarding the
impact of these tumors on neuropsychological functioning
and the quality of life of long-term survivors.
Radiotherapy has generally been thought to contribute to
poor neurocognitive functions and quality of life of IGCT
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patients [9,10]. However, most studies of the neurocognitive
functioning of IGCT patients have analyzed the long-term
effects of radiotherapy by measuring neurocognitive functions at a specific time after treatment without performing
pre-treatment assessments [11-13]. Hence, it is difficult to
conclude that radiation therapy is solely responsible for the
neurocognitive decline in these patients.
Merchant et al. [4] evaluated the long-term changes in neurocognitive functioning relative to a baseline assessment and
found that there were no significant differences in the intelligence quotient (IQ) of the patients before and after radiotherapy. However, they reported that the IQ of the patients
was consistently in low to average range from the time of
diagnosis to the follow-up assessment. In contrast, several
studies have revealed that the pre-treatment neurocognitive
functioning of children with brain tumors was not markedly
different from that of an age-matched normal population
[14,15]. These findings, together with those of a study by
Merchant et al. [4] have led the authors to hypothesize that
the changes in neurocognitive functioning before starting
radiotherapy may be specific to IGCT. Therefore, we investigated whether tumor location causes differences in neuropsychological functioning in patients with IGCT patients
treated with proton beam therapy (PBT).

Materials and Methods
1. Study design and patients
Neurocognitive function tests were performed since 2008
as a part of hospital work up for the patients who were going
to have PBT. However, analysis of the accumulated result of
the tests and also, expanded performance of the neurocognitive function test in a prospective manner as a research project was approved by Institutional Review Board (IRB) in
2014 (IRB number: NCC2014-0044). Since then, all patients
with IGCT undergoing PBT were referred to a clinical psychologist after providing informed consent to evaluate their
neuropsychological functions before starting PBT (T1, baseline evaluation) and yearly after completion of PBT (T2, T3,
etc.). The primary objective of this study was to determine
the factors affecting the baseline neuropsychological functions. Additionally, because early follow-up results were
available in some of the patients, changes in neuropsychological functions at 1-2 years after PBT were evaluated as a
secondary objective.
Between June 2008 and November 2014, 40 children with
an IGCT underwent PBT at the National Cancer Center,
South Korea, and were referred for baseline evaluation. Of

the 40 patients who underwent PBT, three who refused to
undergo the neurocognitive and psychological tests and
three who had previously received radiotherapy were
excluded. Therefore, baseline data were analyzed for 34
patients. Follow-up assessments (T2) were conducted in 20
patients at a median of 15.0 months (range, 6.0 to 28.8
months) after PBT. Fourteen patients were not included in
follow-up assessments because three patients refused to
undergo the follow-up tests, seven were lost to follow-up,
and four were followed up for < 1 year.
2. Treatment
All patients received four cycles of chemotherapy before
PBT according to the Korean Pediatric Neuro-Oncology protocol. According to this protocol, the radiation field and dose
are determined by the tumor histology, initial tumor markers, tumor extent, and response to neoadjuvant chemotherapy. Patients with germinoma received four cycles of chemotherapy with alternating carboplatin/etoposide (course A)
and cyclophosphamide/VP-16 (course B) before radiotherapy. Patients with NGGCT received four cycles of chemotherapy consisting of carboplatin, etoposide, and bleomycin
alternating with cyclophosphamide, etoposide, and bleomycin. Patients with pure germinoma received a whole ventricle irradiation (WVI) dose of 19.8 Gy followed by a
primary site boost of 10.8 Gy in patients with a complete
response to chemotherapy, and a 19.8 Gy boost in patients
with a partial response. Patients with disseminating germinoma received a craniospinal irradiation (CSI) dose of 25.2
Gy. Patients with NGGCT received CSI at a dose of 36 Gy for
localized disease or 39.6 Gy for disseminated disease. A primary site boost was given up to a total dose of 55.8-59.4 Gy
depending on the extent of the residual tumor and the limitations imposed by the organs at risk. A boost target volume
was created with a 1.5 cm margin around the primary tumor
volume, and in the case of bifocal tumors (involving both
suprasellar and pineal glands), the whole ventricle was
included in boost volume. In the case of basal ganglia
tumors, the boost target volume was same as that of the
tumors in other locations, but because the remnant white
matter change after chemotherapy precluded clear response
evaluations, most patients with basal ganglia tumor received
high-end of dose ranges. In all patients, PBT was used in passive scattering (double scattering) mode.
3. Assessment of neurocognitive function and emotional
and behavioral problems
To measure general intellectual functions, the Korean
Wechsler Intelligence Scale for Children, third edition
(KWISC-III) and The Korean Wechsler Adult Intelligence
VOLUME 49 NUMBER 4 October 2017
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Scale (K-WAIS) were used for children of 6 to 15 years and
children aged  16 years, respectively [16,17]. The KWISC-III
can yield full-scale IQ (FIQ), verbal IQ (VIQ), performance
IQ (PIQ) scores, verbal comprehension, perceptual organization (PO), freedom from distractibility (FD), and processing
speed (PS), while K-WAIS only provides FIQ, VIQ, and PIQ.
The standard scores of all measures are a mean of 100 and a
standard deviation (SD) of 15. The Rey-Kim Memory Test
and Kim’s Frontal Lobe Executive Neuropsychological Test
were used to assess the children’s memory and frontal lobe
executive functions, respectively [18,19]. These tests provide
the memory quotient (MQ) and the executive IQ (EIQ),
respectively.
The Korean version of the Child Behavior Checklist
(K-CBCL) [20] was used to assess emotional and behavioral
problems. The standard test scores are normalized T scores
with a mean of 50 and a SD of 10. Higher scores indicate
greater problems.
4. Statistical analyses
PASW ver. 18 (SPSS Inc., Chicago, IL) was used for all
analyses. All test scores were compared to age-matched standardized normative values using t tests. The effects of clinical
factors on neurocognitive and psychological functioning
were analyzed using t tests or analysis of variance (ANOVA).
Differences in neurocognitive and psychological functioning
between tumor locations were examined using ANOVA and
2 tests. The changes in neurocognitive functioning between
T1 and T2 were examined using repeated-measures ANOVA
and the differences between T1 and T2 were analyzed using
pairwise comparison tests according to the tumor location.
Statistical significance was defined as p-values of < 0.05.

Results
1. Patient, treatment, and tumor characteristics
The clinical and tumor characteristics of the patients are
summarized in Table 1. Overall, 66% of the patients were
male, and the median age at T1 was 12.3 years (range, 7.3 to
18.4 years). There were eight patients with suprasellar
tumors (22.9%), 10 with pineal gland tumors (28.6%), six with
basal ganglia tumors (17.1%), and 10 with bifocal tumors
involving both the suprasellar and pineal gland (31.4%).
About 60% of patients had hydrocephalus and underwent
procedures for treatment. Twenty patients (58.8%) received
CSI or whole brain irradiation and the other 14 patients
received WVI. The median radiation dose applied to the pri-
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Table 1. Patient characteristics at baseline
Characteristic
Sex
Male
Female
Age at diagnosis (yr)
Mean±SD
Median (range)
Age at first evaluation (yr)
Mean±SD
Median (range)
Interval between diagnosis and
first evaluation (mo)
Mean±SD
Median (range)
Tumor location
Suprasellar
Pineal gland
Basal ganglia
Bifocala)
Diagnosis
Germinoma
NGGCT or mixed IGCT
Hydrocephalus
Yes
No
Procedure for hydrocephalusb)
Yes
No
Surgery extent
GTR
NTR or STR
Biopsy only
No surgery
Radiation field
CSI+primary site
WBI+primary site
WVI+primary site
Radiation dose, median (range, Gy)
Germinoma
NGGCT
Total patients

No. (%)
23 (67.6)
11 (32.4)
12.3±3.1
12.0 (7.0-18.1)
12.6±3.1
12.3 (7.3-18.4)

3.9±1.3
3.7 (0.5-8.0)
8 (23.5)
10 (29.4)
6 (17.6)
10 (29.4)
18 (52.9)
16 (47.1)
21 (61.8)
13 (38.2)
20 (58.8)
14 (41.2)
3 (8.8)
4 (11.8)
24 (70.6)
3 (8.8)
19 (55.9)
1 (2.9)
14 (41.2)
30.6 (30.0-45.0)
54.6 (30.6-55.8)
39.6 (30.0-55.8)

SD, standard deviation; NGGCT, non-germinomatous
germ cell tumor; IGCT, intracranial germ cell tumor; GTR,
gross total resection; NTR, near total resection; STR, subtotal resection; CSI, craniospinal irradiation; WBI, whole
brain irradiation; WVI, whole ventricle irradiation. a)Suprasellar and pineal gland involvement, b)Ventriculoperitoneal shunt, external ventricular drainage, and ventriculostomy.

34
33
33
29
29
28
29
32
23
FIQ
VIQ
PIQ
VC
PO
FD
PS
MQ
EIQ

Values are presented as mean±standard deviation. FIQ, full-scale intelligence quotient (IQ); BG, basal ganglia; VIQ, verbal IQ; PIQ, performance IQ; VC, verbal comprehension; PO, perceptional organization; FD, freedom of distractibility; PS, processing speed; MQ, memory quotient; EIQ, executive IQ. a)Comparison with normal
population.

BG < suprasellar
BG < suprasellar
BG < suprasellar
BG < suprasellar
BG, pineal < suprasellar
BG < suprasellar
BG < pineal
0.016
0.033
0.035
0.020
0.044
0.312
0.039
0.633
0.024
3,30
3,29
3,29
3,25
3,25
3,24
3,25
3,28
3,19
0.740
0.250
0.484
0.074
0.673
0.707
0.139
0.018
0.177
101.70±15.69
106.30±16.21
96.40±15.59
109.13±12.30
102.25±14.45
102.25±16.26
84.50±26.24
79.33±20.92
78.20±29.82
0.001
0.012
0.002
0.052
0.024
0.010
0.014
0.041
0.024
76.83±8.66
83.33±10.52
73.83±10.82
83.80±13.24
82.00±11.38
84.40±7.47
67.00±17.85
81.50±16.51
60.60±24.80
0.391
0.974
0.183
0.657
0.230
0.768
0.095
0.125
0.482
92.70±25.60
99.80±18.78
86.10±36.46
96.63±20.56
87.25±27.44
102.88±26.51
82.63±25.48
90.78±16.13
104.14±14.65
0.143
0.178
0.221
0.077
0.142
0.673
0.387
0.153
0.167
110.50±17.98
112.00±20.84
107.57±14.67
112.25±16.74
110.25±17.54
102.86±17.06
104.88±14.95
86.50±23.85
86.83±19.93
0.379
0.685
0.041
0.537
0.433
0.869
0.007
0.000
0.010

ganglia
gland
patients

96.74±21.36
101.36±19.13
91.55±22.80
102.17±18.72
96.83±21.48
99.39±19.35
86.59±24.61
84.75±19.35
84.52±26.18

p-value
df

Post hoc
One-way

p-valuea)
Pineal

p-valuea) Suprasellar p-valuea)
Total

No.
Variable

Table 2. Baseline neurocognitive functioning according to tumor location

Basal

p-valuea)

Bifocal

p-valuea)

ANOVA

comparison
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mary tumor was 30.6 Gy (range, 30.0 to 45.0 Gy) for patients
with pure germinoma and 55.8 Gy (range, 30.6 to 55.8 Gy)
for patients with NGGCT. Two patients diagnosed with pure
germinomas received 45 Gy of radiotherapy because one
patient had residual disease after chemotherapy and the
other had a high  human chorionic gonadotropin level at
initial diagnosis. Three patients with NGGCT had mature
teratoma as a nongerminoma component and received 30.6
to 39.6 Gy. Several clinical variables, including the presence
of hydrocephalus, endocrine symptoms (i.e., polydipsia and
polydipsia), visual symptoms (i.e., double vision, visual disturbance, and strabismus), and the duration of symptoms
(time from initial signs to tumor diagnosis) were closely
related to tumor locations. Suprasellar tumor had more
endocrine symptoms (p < 0.001), while pineal tumor was
associated with hydrocephalus (p=0.008) and visual symptoms (p=0.140). No significant differences in the duration of
symptoms were found according to the tumor locations, but
tumors in pineal gland had a shorter duration than the other
tumors (mean±SD, 4.0±3.77 months in basal ganglia vs.
12.37±13.53 in suprasella, 7.67±8.2 in basal ganglia and
11.1±11.25 in bifocal tumor; p=0.273). Therefore, we did not
conduct further analyses investigating the effects of these
variables on neuropsychological functioning.
2. Neurocognitive and psychological functioning at baseline (T1) and effect of tumor location
Baseline neurocognitive and psychological functioning did
not show any differences between patients with pure germinomas and those with NGGCTs. To evaluate the effects of
tumor location, patients were grouped into four subgroups;
suprasellar, pineal gland, basal ganglia, and bifocal. Tumor
location was not associated with tumor histology.
Table 2 shows the baseline neurocognitive functioning of
the patients. The mean scores for MQ and EIQ were lower
than those for the normal population (p=0.041 and p < 0.001,
respectively). Although the patients also had slightly lower
scores for PIQ and PS than the normal population, the values
were still within the normal range (range, 85 to 115). When
analyzed by tumor location, patients with basal ganglia
tumor had lower scores than the normal population for all
domains. One-way ANOVA showed that all neurocognitive
functioning domains, except for the FD and MQ, differed significantly by tumor location (p=0.016 to p=0.044). Post hoc
comparison revealed significant differences in each domain
between patients with basal ganglia tumors and those with
suprasellar tumors. When the frequencies of scores lower
than one SD within each tumor location were compared with
the expected 16% of the general population, they were greatest for patients with basal ganglia tumors on all neurocognitive domains (Fig. 1A).
VOLUME 49 NUMBER 4 October 2017

963

Cancer Res Treat. 2017;49(4):960-969

A
(%)
100

Neurocognitive function

80

60

40

20
16
0
Suprasellar
Pineal
Basal ganglia
Bifocal

FIQ*

VIQ

PIQ*

VC

PO

FD

PS

MQ

EIQ

14.3
30.0
83.3
20.0

14.3
20.0
33.3
20.0

14.3
40.0
83.3
20.0

14.3
25.0
20.0
0.0

14.3
50.0
60.0
12.5

14.3
25.0
20.0
25.0

0.0
37.5
80.0
62.5

57.1
22.2
66.7
44.4

33.3
14.3
80.0
80.0

(%)

B
(%)
100

Psychological function

80

60

40

20
16
0

Suprasellar
Pineal
Basal ganglia
Bifocal

Withdrawn

Somatic Depression/ Social
complaints Anxiety problems*

50.0
33.3
50.0
12.5

33.3
33.3
25.0
25.0

33.3
44.4
25.0
25.0

16.7
22.2
75.0
0.0

Thought Attention/ Delinquent Aggressive Internalizing Externalizing Total
problems Hyperactivity* behavior behavior* problems problems* behavior
problems

33.3
55.6
75.0
12.5

0.0
22.2
75.0
12.5

0.0
11.1
50.0
12.5

16.7
11.1
75.0
0.0

33.3
44.4
25.0
25.0

16.7
11.1
75.0
0.0

16.7 (%)
22.2
50.0
12.5

Fig. 1. Proportions of patients with impairments in each neurocognitive (A) and psychological (B) domain. FIQ, full-scale
intelligence quotient (IQ); VIQ, verbal IQ; PIQ, performance IQ; VC, verbal comprehension; PO, perceptional organization;
FD, freedom of distractibility; PS, processing speed; MQ, memory quotient; EIQ, executive IQ. *p < 0.05.
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0.020
0.543
0.243
0.022
0.011
0.063
0.003
0.015
0.087
0.554
0.846

48.74±10.62

52.33±10.15

56.19±13.17
54.85±9.21
53.85±10.32
56.07±9.52
54.78±9.52
53.78±11.05

49.11±7.70
49.59±10.77

p-valuea)

54.89±10.26

GCTs
(n=27)

48.71±7.06
50.00±9.45

63.50±18.05
59.00±6.00
53.83±12.56
53.33±6.51
53.67±9.14
49.33±6.31

54.00±8.41

49.67±9.14

58.00±8.25

0.552
1.000

0.126
0.014
0.488
0.265
0.371
0.806

0.297

0.932

0.063

47.89±7.64
47.33±9.35

55.56±14.81
53.11±9.68
55.22±11.86
56.11±9.33
56.78±9.22
55.89±9.44

52.67±9.94

47.11±9.44

55.11±13.68

0.431
0.417

0.293
0.363
0.223
0.085
0.058
0.098

0.444

0.385

0.295

59.25±0.96
64.25±7.93

56.50±11.03
58.25±5.38
54.25±8.06
68.75±7.18
63.00±11.46
69.00±8.68

62.25±5.32

63.25±5.85

57.75±3.78

0.000
0.037

0.324
0.055
0.369
0.014
0.108
0.022

0.019

0.020

0.026

Suprasellar
Pineal
Basal
p-valuea)
p-valuea)
p-valuea)
(n=6)
gland (n=9)
ganglia (n=4)

46.13±6.77
44.50±8.99

51.25±5.88
52.00±11.64
52.13±9.39
51.75±8.07
49.25±6.61
47.13±9.22

45.75±9.94

42.63±8.70

50.88±9.55

Bifocal
(n=8)

0.150
0.127

0.566
0.642
0.542
0.559
0.758
0.407

0.266

0.048

0.803

p-valuea)

0.026
0.013

0.411
0.436
0.950
0.016
0.096
0.003

0.050

0.008

0.579

ANOVA
p-value

Bifocal < BG
Suprasellar,
bifocal < BG
Bifocal < BG
Pineal, bifocal < BG

Bifocal < BG

Pineal, bifocal < BG

-

Post hoc
comparison

Values are presented as mean±standard deviation. Higher scores mean greater problems. GCT, germ cell tumor; BG, basal ganglia. a)Comparison with normal population.

Internalizing
problems
Externalizing
problems
Total behavior
problems
Withdrawn
Somatic complaints
Depression/Anxiety
Social problems
Thought problems
Attention/
Hyperactivity
Delinquent behavior
Aggressive behavior

Variable

Table 3. Psychological functioning according to tumor location
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30
20
10

T2-T1

0
–10
–20
–30
–40
–50
Suprasellar
Pineal
Basal ganglia
Bifocal

FIQ

VIQ

PO

PS

MQ

–5.4 (n=5)
5.0 (n=4)
9.8 (n=5)
0.5 (n=6)

–7.5 (n=4)
2.5 (n=4)
6.2 (n=5)
0.0 (n=6)

–9.2 (n=5)
7.0 (n=3)
8.7 (n=3)
9.3 (n=4)

–15.8 (n=5)
13.7 (n=3)
0.0 (n=3)
–9.0 (n=3)

–8.8 (n=5)
7.0 (n=4)
8.8 (n=5)
6.0 (n=5)

Fig. 2. Changes in neurocognitive functioning from baseline (T1) to 1-2 years after proton beam therapy (T2) according to
tumor location. The y axis represents the difference between T2 and T1; therefore, a negative value of T2-T1 indicates
decreased functions. FIQ, full-scale intelligence quotient (IQ); VIQ, verbal IQ; PO, perceptional organization; PS, processing
speed; MQ, memory quotient; T2-T1, difference between T1 and T2. *p < 0.05. Bars indicate standard deviation.

Table 4. Effect of radiation field and dose on cognitive functions
Radiation field
Variable
FIQ
VIQ
PIQ
VC
PO
FD
PS
MQ
EIQ

T2-T1 difference (mean±SD)
CSI

WVI

–0.80±17.79 (n=10)
–3.22±15.06 (n=9)
0.22±23.60 (n=9)
1.14±8.63 (n=7)
–4.00±14.85 (n=6)
–7.83±9.02 (n=6)
–12.67±24.30 (n=6)
1.80±16.31 (n=10)
2.60±19.97 (n=5)

5.30±6.04 (n=10)
4.00±8.38 (n=10)
6.30±8.87 (n=10)
2.63±9.23 (n=8)
8.25±6.34 (n=8)
5.00±14.44 (n=8)
1.38±14.27 (n=8)
4.44±10.50 (n=9)
4.38±14.88 (n=8)

Radiation dose, Gy
p-value
0.327
0.207
0.458
0.754
0.078
0.081
0.199
0.684
0.857

T2-T1 difference (mean±SD)
 39.6

> 39.6

4.41±9.14 (n=12)
1.58±9.66 (n=12)
7.33±14.37 (n=12)
1.10±8.95 (n=10)
4.80±11.30 (n=10)
2.00±14.60 (n=10)
–3.78±20.43 (n=9)
5.09±10.11 (n=11)
0.50±16.30 (n=10)

–1.00±18.14 (n=8)
–1.14±16.50 (n=7)
–3.29±20.69 (n=7)
3.60±8.79 (n=5)
–2.00±14.68 (n=5)
–6.75±9.91 (n=4)
–6.20±20.61 (n=5)
0.25±17.65 (n=8)
14.33±12.66 (n=3)

p-value
0.387
0.653
0.203
0.617
0.336
0.297
0.836
0.458
0.208

SD, standard deviation; CSI, craniospinal irradiation; WVI, whole ventricle irradiation; FIQ, full-scale intelligence quotient
(IQ); VIQ, verbal IQ; PIQ, performance IQ; VC, verbal comprehension; PO, perceptional organization; FD, freedom of distractibility; PS, processing speed; MQ, memory quotient; EIQ, executive IQ.
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Table 3 shows the results of the K-CBCL. In all patients
combined, the mean scores for all domains were within the
normal ranges for the general population (range, 40 to 60).
Basal ganglia tumor patients had significantly higher scores
for externalization problems, total behavioral problems,
social problems, attention/hyperactivity, delinquent behaviors, and aggressive behaviors when compared with the normal population. Patients with a basal ganglia tumor more
frequently had scores greater than one SD for most subscales
of the K-CBCL when compared with the expected 16% of the
normal population (Fig. 1B). Overall, 75% of the parents of
patients with basal ganglia tumors reported that their children displayed attention/hyperactivity problems, aggressive
behaviors, thought problems, social problems, and externalization problems.
3. Neurocognitive and psychological functioning at 1-2
years after PBT (T2)
At 1-2 years after PBT, most scores of the neurocognitive
test and the CBCL were not significantly different from those
of the normal population, except for the MQ (mean, 88.6;
p=0.045). The T2 scores for all domains of neurocognitive
functioning and the CBCL were not significantly different
from those at T1. However, in patients with a suprasellar
tumor, the test scores tended to decrease between T1 and T2,
except for MQ and EIQ. In contrast, the scores for most
domains increased between these times in patients with
pineal, basal ganglia, or bifocal tumors. In pairwise comparisons between T1 and T2, differences were found as follows:
suprasellar vs. basal ganglia for FIQ; suprasellar vs. pineal
gland for VIQ; suprasellar vs. bifocal for PO; pineal gland vs.
basal ganglia for PS; suprasellar vs. pineal gland and basal
ganglia for MQ (Fig. 2). CBCL scores were not analyzed
according to tumor location because of the small sample size
of T2 (n=13).
We also examined the potential effects of the radiation
field and dose on neurocognitive functioning at T2 (Table 4).
Patients who received CSI tended to have lower scores at T2
than at T1, whereas those who received WVI tended to have
higher scores at T2 than at T1. However, these changes were
not statistically significant. There were no significant differences in neurocognitive functioning scores between patients
who received higher doses (> 39.6 Gy) and those who
received lower doses ( 39.6 Gy).

Discussion
In this study, children with IGCT displayed significantly
lower PIQ, PS, MQ, and EIQ scores than an age-matched normal population. Deficits in attention and memory, including
slow speed processing, are the most commonly reported
problems in childhood brain tumor survivors in general and
are commonly attributed to cranial irradiation [21,22]. The
deficits in memory function caused by cranial irradiation are
now known to represent a component of diffuse global dysfunction of brain function associated with white matter
changes [21,23] rather than isolated memory disturbances
[24]. However, our data revealed disturbances in memory
function were present even before radiotherapy was started.
Wilkening et al. [25] specifically examined memory function
in IGCT and observed amnesia in 38% of patients. They also
reported that amnesia was not related to the presence of
hydrocephalus or history of cranial radiotherapy, and that
low memory function was not associated with global
decreases in IQ, which are sometimes observed in younger
children with other tumors, such as medulloblastoma [14,15].
Williams and Pennybacker [26] examined brain tumor
patients with memory impairment and found that most of
their tumors were located in a deep, midline position. They
also reported that patients with tumors involving periventricular structures had more frequent memory loss than those
with tumors in frontal locations .
The effects of tumor location on neurocognitive functioning observed in the present study were consistent with those
reported by Liang et al. [11], who found that IGCT arising in
the basal ganglia is associated with worse neuropsychological outcomes than tumors arising in other locations. We
showed that poor neurocognitive functioning of patients
with basal ganglia tumors persists after treatment, but tends
to improve within the early follow-up period, although the
mean scores at T2 still remained poor relative to the normal
population. According to Liang et al. [11], the impaired neurocognitive function in the patients with basal ganglia
tumors was likely to be life-long. In contrast to these authors,
who only assessed neurocognitive aspects in children, we
also examined psychological functioning in patients with
basal ganglia tumors. We found that children with tumors
located in the basal ganglia showed various behavioral
issues, as reflected in the results of CBCL compared to
patients with tumors in other locations. The basal ganglia
have extensive connections with the cerebral cortex, especially the frontal cortex. In addition to motor function, the
basal ganglia play various roles in cognition, memory, and
emotion through connections with the limbic cortex [27,28],
and disruption of these functions may cause externalization
of symptoms of patients with basal ganglia tumors.
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Notably, we observed tendencies for FIQ, VIQ, perceptional organization, and MQ to decrease between T1 and T2
in patients with suprasellar tumors. In contrast, these scores
tended to increase between T1 and T2 in patients with
tumors in the other sites. Although we only observed these
changes over a relatively short time, the results appear to
agree with those reported by Mabott et al. [13], who found a
decline in the average PS and delayed visual memory, especially in patients with suprasellar tumors. Dennis et al. [29]
reported impaired memory in children with hormone deficiencies. In the present study, patients with suprasellar
tumors tended to have decreases in neurocognitive functioning, and the changes in memory function in suprasellar
patients were significantly greater than those in children
with pineal or basal ganglia tumors. All of the patients with
suprasellar tumors had hormone deficiencies, which may
have contributed to neurocognitive deficiencies. The boost
field applied to suprasellar tumors must target a larger volume of the medial temporal lobes because of the anatomical
proximity relative to tumors in the pineal gland [30]. A
longer follow-up period is needed to determine if differences
in the temporal dose–volume histograms have long-term
effects on the neurocognitive functioning of children with
IGCT.
It should be noted that our study was limited in that we
analyzed a relatively small number of patients, and only
20/34 patients were assessed at T2. However, this study is a
preliminary report of an ongoing prospective study and the

first to report the short-term neurocognitive outcomes of PBT
in children with IGCT. It should also be noted that we
assessed the psychological status of children as well as neurocognitive functioning before and after treatment. Because
the study included children with histories of chemotherapy
and surgery, the results do not represent the neuropsychological state of the child at initial diagnosis. Nevertheless, the
timing of the baseline examination before radiotherapy
seems reasonable considering the practical limitations of performing neuropsychological evaluation upon diagnosis of
IGCT. Further analysis of longitudinal changes in neurocognitive functions after PBT will be available after longer follow-up with more patients.
In conclusion, neuropsychological functioning in patients
with IGCT may be primarily influenced by tumor location
itself, and does not change in the short term after treatment.
However, further study is needed to evaluate the long-term
effects of PBT on neurocognitive function.
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Prognostic Impact of Elective Supraclavicular Nodal Irradiation for
Patients with N1 Breast Cancer after Lumpectomy and
Anthracycline Plus Taxane-Based Chemotherapy (KROG 1418):
A Multicenter Case-Controlled Study
Purpose
This study was conducted to evaluate the impact of supraclavicular lymph node radiotherapy
(SCNRT) on N1 breast cancer patients receiving post-lumpectomy whole-breast irradiation
(WBI) and anthracycline plus taxane-based (AT) chemotherapy.

Haeyoung Kim, MD1
Won Park, MD2
Jeong Il Yu, MD2
Doo Ho Choi, MD2
Seung Jae Huh, MD2
Yeon-Joo Kim, MD3
Eun Sook Lee, MD3
Keun Seok Lee, MD3
Han-Sung Kang, MD3
In Hae Park, MD3
Kyung Hwan Shin, MD4
Chan Woo Wee, MD4
Kyubo Kim, MD5
Kyung Ran Park, MD5
Yong Bae Kim, MD6
Sung Ja Ahn, MD7
Jong Hoon Lee, MD8
Jin Hee Kim, MD9
Mison Chun, MD10
Hyung-Sik Lee, MD11
Jung Soo Kim, MD12
Jihye Cha, MD13

Materials and Methods
We performed a case-control analysis to compare the outcomes of WBI and WBI plus SCNRT
(WBI+SCNRT). Among 1,147 patients with N1 breast cancer who received post-lumpectomy
radiotherapy and AT-based chemotherapy in 12 hospitals, 542 were selected after propensity
score matching. Patterns of failure, disease-free survival (DFS), distant metastasis-free survival (DMFS), and treatment-related toxicity were compared between groups.
Results
A total of 41 patients (7.6%) were found to have recurrence. Supraclavicular lymph node
(SCN) failure was detected in three patients, two in WBI and one in WBI+SCNRT. All SCN
failures were found simultaneously with distant metastasis. There was no significant difference in patterns of failure or survival between groups. The 5-year DFS and DMFS for patients
with WBI and WBI+SCNRT were 94.4% versus 92.6% (p=0.50) and 95.1% versus 94.5%
(p=0.99), respectively. The rates of lymphedema and radiation pneumonitis were significantly higher in the WBI+SCNRT than in the WBI.
Conclusion
We did not find a benefit of SCNRT for N1 breast cancer patients receiving AT-based
chemotherapy.
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Introduction

Materials and Methods

Post-mastectomy radiotherapy (PMRT) of the regional
lymph nodes and chest wall is associated with reduced locoregional recurrence and improved survival in patients with
node-positive breast cancer [1]. Based on the effects of PMRT,
post-lumpectomy regional nodal irradiation (RNI) is recommended to be added to whole-breast irradiation (WBI) for
patients with a large tumor burden in the axillary lymph
nodes (ALN), such as in cases with four or more ALN metastases [2]. However, for patients with one to three positive
ALNs (N1), it remains uncertain whether RNI improves disease outcome in a post-lumpectomy setting. Recently, two
randomized trials reported that adding RNI to WBI reduced
breast cancer recurrence relative to WBI alone in patients
with early breast cancer [3,4]. However, the systemic agents
adopted in the two studies were considered less effective
than the current standard. Therefore, it is necessary to
reassess the benefits of RNI for N1 breast cancer in patients
treated with modern systemic treatments [5].
Regarding the extent of RNI for N1 breast cancer, it is not
yet known which regional lymph nodes should be included
in post-lumpectomy radiotherapy. In the aforementioned trials and studies of PMRT [1], all regional lymph nodes including ALN, the internal mammary lymph node (IMN), and the
supraclavicular lymph node (SCN) were covered for RNI.
After WBI alone, SCN metastasis occurred in about 0.9%9.2% of patients with N1 breast cancer [6-9]. Given the risk
of SCN recurrence after WBI, it has been proposed that prophylactic SCN radiotherapy (SCNRT) is necessary after WBI
for patients with N1 breast cancer [9-11]. However, the rates
of SCN recurrence were estimated based on studies adapting
less effective systemic treatments [9,10]. Moreover, no studies
have specifically evaluated the prognostic significance of
SCNRT in N1 breast cancer. To determine if adding SCNRT
is necessary in post-lumpectomy radiotherapy for N1 breast
cancer, the benefits of elective SCNRT in patients undergoing
effective systemic treatments must be analyzed.
The present study was conducted to investigate the prognostic impact of elective SCNRT in N1 breast cancer patients
who received systemic treatments, including anthracycline
plus taxane-based (AT) chemotherapy. We compared treatment outcomes and complications between the two treatment groups, WBI alone versus WBI plus SCNRT (WBI+
SCNRT), to determine if elective SCNRT is beneficial for N1
breast cancer patients in an era of effective systemic treatments.

1. Study design and patients
To compare treatment outcomes between groups, WBI
alone versus WBI+SCNRT, we conducted a matched casecontrol study of patients with N1 breast cancer using patient
data from 12 hospitals that are members of the Korean Radiation Oncology Group (KROG). Patients who underwent AT
chemotherapy and post-lumpectomy radiotherapy for N1
breast cancer between January 2006 and December 2010 were
included in this study. The inclusion criteria were patients
with N1 breast cancer who received breast conservingsurgery (BCS) and axillary lymph node dissection (ALND),
those who completed postoperative AT chemotherapy and
radiotherapy as planned, and those for whom information
regarding pathological features of the tumor was available.
The exclusion criteria were patients who received neoadjuvant chemotherapy, chemotherapy other than AT, or IMN
radiotherapy. The Institutional Review Board of each participating hospital approved the current study.
The collected patient data were pathologic features of each
tumor such as tumor size, number of positive lymph nodes,
histologic grade (HG), presence of lymphovascular invasion
(LVI), and expression status of estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor
receptor 2 (HER2). ER/PR positivity was defined as a 3 to 8
Allred score by immunohistochemistry (IHC). HER2 positivity was defined as either staining 3+ by IHC or 2+ by IHC
with positive fluorescence in situ hybridization or chromogenic in situ hybridization. The molecular subtype of each
breast cancer was categorized as follows: ER+ or PR+,
HER2–, and HG 1 or 2 (i.e., luminal A); ER+ or PR+, HER2–,
and HG3 (i.e., luminal B); ER+ or PR+, HER2+ (i.e., luminal
HER2); ER–, PR–, and HER2+ (i.e., HER2 enriched); ER–,
PR–, and HER2– (i.e., triple negative).
2. Treatments
All patients received BCS and ALND with or without sentinel lymph node evaluation. Doxorubicin and cyclophosphamide (AC) or epirubicin and cyclophosphamide (EC)
followed by paclitaxel or docetaxel (T) were prescribed to all
patients. According to the hormonal receptor or HER2 positivity of each tumor, adjuvant endocrine therapy or antiHER2 agent was administered. WBI and tumor bed boost
were given to all patients. The decision regarding whether
to administer elective SCNRT to patients was made according to institutional policies across the 12 participating hospitals. Pathologic features such as high HG, positive LVI, large
numbers of metastatic lymph nodes, or non-luminal sub-
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types were high-risk factors that influence the decision of
whether to add SCNRT to WBI.
The doses for whole breast and tumor bed were 45.0-60.4
Gy at 1.8-3.0 Gy per fraction and 4.0-19.8 Gy at 1.8-3.5 Gy per
fraction, respectively. Conventionally fractionated WBI with
a daily dose of 1.8-2.0 Gy was performed in 512 patients
(94.5%), while hypofractionated WBI with a total dose of 51.0
Gy in 17 fractions at 3.0 Gy per fraction was delivered to 30
patients (5.5%). The radiation dose to SCN was 45.0-50.4 Gy
at 1.8-2.0 Gy per fraction. Borders of each field of WBI or
WBI+SCNRT were variously defined in the 12 hospitals
according to each institutional policy. Nevertheless, there
were common principles of beam configuration. The superior, inferior, and lateral borders of the field of WBI were 2
cm beyond the palpable breast tissue. The medial border was
located at midline, and the superficial border allowed 2 cm
of flash beyond the breast. The superior, inferior, lateral, and
medial borders of the field of SCNRT were the upper border
of the supraclavicular fossa, match line of tangential beams
of WBI, lateral edge of clavicle, and 0.5 cm from the spinal
cord. ALNs were not intentionally irradiated. Nonetheless,
level I and some portion of level II ALNs were covered during WBI while a part of level II and III ALNs and the SCN
were irradiated during SCNRT.
Treatment related toxicity was graded by the Common
Terminology Criteria for Adverse Events, ver. 3.0 [12].
3. Statistical analysis
Overall survival (OS), disease-free survival (DFS), locoregional recurrence-free survival (LRRFS), and distant metastasis-free survival (DMFS) were defined as the interval from
surgery to death, cancer recurrence, loco-regional recurrence,
and distant metastasis, respectively. Among the variables,
number of tumors, LVI, HG, and hormone receptor status
were considered as binary variables. Patient age, tumor size,
number of positive nodes, and ratio of positive nodes were
analyzed as continuous variables. An optimal cut-off of continuous variables was defined using analysis of the area
under the curve of receiver operating characteristics. The
value for which sensitivity and specificity were the highest
was chosen as the optimal cut-off point for each variable. The
chi-square test or Fisher exact test was used to compare the
patient characteristics between the two groups. Survival
probability was estimated using the Kaplan-Meier method,
and the log-rank test was used to compare survival between
groups with different variables. To determine the independent prognostic factors for the outcomes, Cox regression
analysis with stepwise selection was used. A two sided
p-value of < 0.05 was assumed as statistically significant.
To maintain a balance of covariates between the two treatment groups, one-to-one matching was performed on the
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basis of the propensity scores of each patient. As matching
variables, we selected tumor size, LVI, HG, and ratio of positive lymph nodes. These variables were identified as significant prognostic factors for patient survival in the primary
data set (S1 Table). Propensity score matching was conducted with the R Statistical Software ver. 3.2.3 (The R foundation for Statistical Computing, Vienna, Austria) using the
MatchIt package with the nearest-neighbor method. Statistical analyses were performed with the SPSS ver. 22.0 (IBM
Corp., Armonk, NY).

Results
A total of 1,147 patients met the inclusion criteria of the
current study. The 5-year rates of DFS, OS, LRRFS, and
DMFS of 1,147 patients were 93.0%, 98.5%, 97.3%, and 94.2%,
respectively. Among the 1,147 patients, 783 had WBI alone,
while 364 received WBI+SCNRT. The 5-year DFS rate was
93.1% for patients with WBI, while it was 92.6% for patients
with WBI+SCNRT (p=0.79) (S1 Table). Between the two
groups of patients, there were significant differences in variables such as pathology, LVI, molecular subtype, number of
positive lymph nodes, ratio of metastatic lymph nodes,
endocrine therapy, and anti-HER2 therapy (Table 1). After
propensity score matching, a total of 542 patients, 271 in each
group, were selected for analysis.
1. Baseline characteristics
The median age of the patients was 47 years (range, 26 to
69 years). All patients had a clear resection margin on their
surgical specimen. The median tumor size was 20 mm (range
0.1 to 51 mm). All but two patients had T1 or T2 stage tumor.
The median number of examined lymph nodes was 16
(range, 2 to 48). Among the 414 patients with hormone
receptor–positive tumors, 384 (92.8%) were treated with
endocrine therapy. In 105 patients with HER2 amplified
tumors, anti-HER2 agent was given to 28 (26.7%). Details
regarding the patient characteristics are shown in Table 1.
2. Treatment outcomes and toxicity
The median follow-up times of the patients with WBI alone
and WBI+SCNRT were 73 months (range, 10 to 111 months)
and 60 months (range, 12 to 111 months), respectively. A
total of 41 patients (7.6%) were found to have disease recurrence. Patterns of the first failure were not significantly different between the two groups (Table 2). SCN failure was
detected in three patients, two in WBI alone and one in

Haeyoung Kim, Supraclavicular RT for N1 Breast Cancer

Table 1. Comparison of patient characteristics between groups
Before matching
Characteristic
Age (yr)
 40
> 40
Pathology
IDC
Non-IDC
Tumor size (mm)
 20
> 20
T stage
T1
T2
T3
No. of tumors
Single
Multiple
LVI
Negative
Positive
HG
1, 2
3
Molecular subtype
Luminal A
Luminal B
Luminal-HER2
HER2 enriched
Triple negative
No. of positive nodes
1
2
3
No. of total LNs
 16
> 16
Ratio of LN (+)a)
 0.1
> 0.1
Endocrine therapyb)
Yes
No

WBI alone
(n=783)

WBI+SCNRT
(n=364)

151 (19.3)
632 (80.7)

80 (21.9)
284 (78.1)

745 (95.1)
38 (4.9)

After matching
WBI alone
(n=271)

WBI+SCNRT
(n=271)

0.29

47 (17.3)
224 (82.7)

57 (21.1)
214 (78.9)

0.27

333 (91.5)
31 (8.5)

0.02

260 (95.9)
11 (4.1)

254 (93.7)
17 (6.3)

0.24

406 (51.9)
377 (48.1)

182 (50.0)
182 (50.0)

0.56

127 (46.8)
144 (53.2)

127 (46.8)
144 (53.2)

1.00

397 (50.7)
382 (48.8)
4 (0.5)

172 (47.3)
188 (51.6)
4 (1.1)

0.32

125 (46.1)
145 (53.5)
1 (0.4)

123 (45.4)
147 (54.2)
1 (0.4)

0.99

652 (83.3)
131 (16.7)

302 (82.9)
62 (17.1)

0.89

226 (83.4)
45 (16.6)

227 (83.7)
44 (16.3)

0.91

368 (46.9)
415 (53.1)

85 (23.4)
279 (76.6)

< 0.01

80 (29.5)
191 (70.5)

80 (29.5)
191 (70.5)

1.00

488 (62.3)
295 (37.7)

225 (61.8)
139 (38.2)

0.86

159 (58.7)
112 (41.3)

159 (58.7)
112 (41.3)

1.00

415 (53.1)
127 (16.2)
66 (8.4)
51 (6.5)
124 (15.8)

180 (49.5)
53 (14.6)
51 (14.0)
18 (4.9)
62 (17.0)

0.04

136 (50.1)
46 (16.9)
26 (9.6)
24 (8.9)
39 (14.5)

125 (46.1)
42 (15.5)
39 (14.4)
16 (5.9)
49 (18.1)

0.20

550 (70.2)
161 (20.6)
72 (9.2)

118 (32.4)
144 (39.6)
102 (28.0)

< 0.01

114 (42.1)
97 (35.8)
60 (22.1)

114 (42.1)
97 (35.8)
60 (22.1)

1.00

437 (55.8)
346 (44.2)

210 (57.7)
154 (42.3)

0.55

145 (53.5)
126 (46.5)

144 (53.1)
127 (46.9)

0.93

546 (69.7)
237 (30.3)

147 (40.4)
217 (59.6)

< 0.01

128 (47.2)
143 (52.8)

128 (47.2)
143 (52.8)

1.00

584 (96.1)
24 (3.9)

257 (90.5)
27 (9.5)

< 0.01

197 (94.7)
11 (5.3)

187 (90.7)
19 (9.3)

0.12

p-value

p-value
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Table 1. Continued
Before matching
Characteristic

WBI alone
(n=783)

WBI+SCNRT
(n=364)

34 (29.1)
83 (70.9)

11 (15.9)
58 (84.1)

Anti-HER2 therapyc)
Yes
No

After matching
WBI alone
(n=271)

p-value

0.04

WBI+SCNRT
(n=271)

17 (34.0)
33 (66.0)

p-value

11 (20.0)
44 (80.0)

0.11

Values are presented as number (%). WBI, whole-breast irradiation; SCNRT, supraclavicular radiotherapy; IDC, invasive
ductal carcinoma; LVI, lymphovascular invasion; HG, histologic grade; HER-2, human epidermal growth factor receptor-2;
LN, lymph node. a)Ratio of positive LNs to total dissected LNs, b)Endocrine therapy was administered to patients with hormone-responsive tumors, such as luminal A, luminal B, and luminal HER2. The value in parentheses represents the proportion
of patients with hormone-responsive tumor, c)The value in parentheses represents the proportion of patients with HER2amplified tumor.

Table 2. Patterns of the first failure according to field of radiotherapy
Sites of the first failure
Isolated loco-regional
Local only
Regional onlya)
Distant only
Simultaneous loco-regional and distant
Regional and distant
Loco-regional and distant
Total

WBI alone (n=271)

WBI+SCNRT (n=271)

p-value

3 (1.1)
2 (0.7)
1 (0.4)
13 (4.8)
5 (1.9)
4 (1.5)
1 (0.4)
21 (7.7)

6 (2.2)
3 (1.1)
3 (1.1)
10 (3.7)
4 (1.5)
4 (1.5)
0 (0.0)
20 (7.4)

0.47

Values are presented as number (%). WBI, whole-breast irradiation; SCNRT, supraclavicular radiotherapy. a)Regional recurrence occurred in the axillary lymph node (n=1) in WBI alone and the internal mammary lymph node (n=3) in WBI+SCNRT.
Supraclavicular lymph node failure was detected in three patients, two in WBI alone and one in WBI+SCNRT. All supraclavicular lymph node failures were found simultaneously with distant metastasis.

WBI+SCNRT. All SCN failures were found simultaneous
with distant metastasis. There was no significant difference
in patient survival between groups. The 5-year rate of DFS
for patients with WBI alone or WBI+ SCNRT was 94.4% and
92.6%, respectively (p=0.50) (Fig. 1). The 5-year OS, LRRFS,
and DMFS rates were 99.2%, 98.1%, and 95.1%, respectively,
for WBI alone and 97.7%, 96.1%, and 94.5% for WBI+SCNRT
(p=0.54, p=0.21, and p=0.99, respectively). During follow-up,
contralateral breast cancer was detected in three patients
(0.5%), all of whom were treated with WBI alone. Subgroup
analysis revealed that the effect of SCNRT on DFS was not
different according to prognostic factors (Table 3).
The rates of lymphedema and radiation pneumonitis were
significantly higher in patients with SCNRT than in those
without SCNRT (Table 4). A total of 10.7% of patients
showed lymphedema after WBI alone, whereas 16.6% of
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patients presented lymphedema after WBI+SCNRT. Radiation-related pneumonitis was found in 0.7% of patients after
WBI alone, while it was detected in 4.1% of patients with
WBI+SCNRT.

Discussion
In this case-control study, we evaluated the prognostic
impact of elective SCNRT in post-lumpectomy radiotherapy
for N1 breast cancer. We found that there was no benefit of
the addition of SCNRT in patients treated with contemporary
systemic treatments including AT chemotherapy. Treatment
outcomes with respect to loco-regional and distant tumor
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Fig. 1. Survival according to radiation field. Disease-free survival (A), loco-regional recurrence-free survival (LRRFS) (B),
distant metastasis-free survival (DMFS) (C), and overall survival (D) are shown. WBI, whole-breast irradiation; SCNRT,
supraclavicular lymph node radiotherapy.

control were not significantly different between the WBI
alone group and the WBI+SCNRT group. The addition of
SCNRT to WBI was associated with increased risk of lymphedema and radiation-related pneumonitis compared with
WBI alone. Therefore, we suggest that elective SCNRT is not
an essential component in post-lumpectomy radiotherapy
for N1 breast cancer in patients receiving AT-based chemotherapy.
In patients with early breast cancer, RNI is added to WBI
to control microscopic regional nodal disease and prevent
systemic spread of cancer by sterilizing subclinical disease

in the regional lymph nodes [13]. Because the regional lymph
nodes may be the only reservoir of residual disease in some
patients, eradication of the reservoir with elective RNI is
expected to improve survival in selected patients with breast
cancer [14]. Two randomized studies compared treatment
outcomes between the WBI alone group and the WBI plus
RNI including ALN, IMN, and SCN [3,4]. The European
Organization for Research and Treatment of Cancer
(EORTC) 22922-10925 trial was conducted in patients with
N0-N3 breast cancer after BCS or mastectomy [3]. Patients
with N1 breast cancer accounted for 43.1% of the study popVOLUME 49 NUMBER 4 October 2017
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Table 3. DFS according to patient and tumor characteristics between WBI alone and WBI+SCNRT
5-Yr DFS (%)

Characteristic
Age (yr)
 40
> 40
Tumor size (mm)
 20
> 20
No. of tumors
Single
Multiple
LVI
Negative
Positive
HG
1, 2
3
Molecular subtype
Luminal A
Non-luminal A
No. of positive nodes
1, 2
3
Ratio of LN (+)b)
 0.1
> 0.1

HR (95% CI)

WBI+SCNRT

p-valuea)

93.6
94.5

88.3
94.3

0.27

1.52 (0.45-5.21)
1.13 (0.53-2.41)

96.0
92.9

96.1
89.9

0.15

1.03 (0.31-3.31)
1.34 (0.63-2.89)

94.1
95.6

92.4
97.5

0.46

1.29 (0.67-2.49)
0.62 (0.04-6.01)

96.2
93.6

97.1
91.5

0.09

0.32 (0.04-2.96)
1.45 (0.73-2.85)

96.1
91.9

96.3
88.7

0.06

0.79 (0.28-2.23)
1.64 (0.71-3.78)

97.0
91.7

96.2
90.5

0.17

0.98 (0.31-3.06)
1.31 (0.59-2.83)

95.2
91.5

93.5
91.9

0.64

1.51 (0.71-3.19)
0.71 (0.20-2.51)

96.8
92.2

95.4
91.4

0.06

1.29 (0.36-4.69)
1.14 (0.55-2.38)

WBI alone

DFS, disease-free survival; WBI, whole-breast irradiation; WBI+SCNRT, WBI with supraclavicular lymph node radiotherapy;
HR, hazard ratio; CI, confidence interval; LVI, lymphovascular invasion; HG, histologic grade; LN, lymph node. a)The logrank test was used to compare survival between groups, b)Ratio of positive LNs to total dissected LNs.

Table 4. Treatment-related toxicities
Morbidity
Lymphedema
Pneumonitis

WBI alone (n=271)
Grade 1
23 (8.5)
2 (0.7)

WBI+SCNRT (n=271)

Grade 2

Total

Grade 1

Grade 2

Total

6 (2.2)
0(

29 (10.7)
2 (0.7)

33 (12.2)
11 (4.1)

12 (4.4)
0(

45 (16.6)
11 (4.1)

p-valuea)
0.04
0.01

Values are presented as number (%). WBI, whole-breast irradiation; SCNRT, supraclavicular radiotherapy. a)p-values were
calculated by Fisher exact test to compare the proportion of patients with complication of grade 1 or higher between groups.

ulation, and BCS was conducted in 76.1% of the patients.
Chemotherapy and hormone therapy were administered to
54% and 59% of the patients, respectively. The results
revealed that the 10-year DFS rate was significantly higher
in the group receiving RNI than in the group without RNI
(72.1% vs. 69.1%, p=0.04). Another randomized trial, the
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National Cancer Institute of Canada MA.20, enrolled patients
who had undergone BCS. In this study, 84.9% of the all
patients had N1 breast cancer [4], among which 60% received
anthracycline, while 25% were treated with anthracycline
plus taxane. As with the EORTC study, the authors of the
MA.20 trial found that the addition of RNI significantly

Retrospective

Retrospective

Retrospective

Retrospective

Prospective,
randomized

Prospective,
randomized

Retrospective,
case-control

Reddy et al. [7]

Truong et al.
[11]

Yu et al. [9]

Yates et al. [10]

Whelan et al.
[4,15]

Poortmans
et al.e) [3]

Current study

2006-2010

1996-2004

2000-2007

1975-2000

1999-2003

1989-1999

1985-2002

1980-2001

Years of
accrual

542

1,725

1,558

1,065

448

1,255

202

823

90.5d)

54.7e)

75.4d)

59.6e)

100

24-49c)

6-79c)

92.8

98.9

59.6b)

64b)

61

72

21.8a)

66

36a)

No. of N1
HTx (%) CTx (%)
patients

AT (100%)

NR

CMF (63%), AC (28%),
FAC (8%)
CMF (74%),
melphalan (17%),
anthracycline (7%)
Anthracycline (86%),
AT (26%)

Anthracycline-based (20%),
CMF (65%),
others (15%)
Anthracycline-based (57%),
others (15%)
NR

CTx agents

NR

9.2%/NR

8.7%/1.8%

2.2%/NR

2.0%/0.5%

0.9%/NR

SCN failure
(total/isolated)

WBI (n=271)
WBI+SCNRT
(n=271)

0.7%/0.0%
0.4%/0.0%

WBI or CWI (n=780) NR
WBI or CWI+RNI
(n=778)

WBI (n=780)
WBI+RNI (n=778)

WBI

WBI (n=817)
WBI+SCNRT
(n=438)
WBI

WBI

WBI

RT field

DFS: 94.4% vs. 92.6%
DMFS: 95.1% vs. 94.5%,
at 5 yr

DFS: 87.0% vs. 92.4%
DMFS: 87.0% vs. 92.4%,
at 5 yr
DFS: 69.1% vs. 79.1%
DMFS: 75.0% vs. 78.0%,
at 10 yr

LRRFS: 88.8% (WBI),
92.5% (WBI+SCNRT),
at 10 yr
DMFS: 85.7%,
SCNFFS: 92.6% at 5 yr
SCNFFS: 93.0%, at 5 yr

SCNFFS: 97.9%, at 5 yr

NR

Survival

SCN, supraclavicular lymph node; HTx, hormone therapy; CTx, chemotherapy; RT, radiotherapy; CMF, cyclophosphamide, methotrexate, and 5-fluorouracil; WBI,
whole-breast irradiation; NR, not reported; SCNFFS, supraclavicular lymph node failure-free survival; SCNRT, supraclavicular radiotherapy; LRRFS, loco-regional
recurrence-free survival; AC, adriamycin and cyclophosphamide; FAC, 5-fluorouracil, adriamycin, and cyclophosphamide; DMFS, distant metastasis failure-free
survival; AT, anthracycline with taxane; RNI, regional-nodal irradiation (internal mammary, supraclavicular, and axillary lymph nodes); DFS, disease free survival;
CWI, chest wall irradiation. a)The study included 4,185 patients with N0 (68.6%), N1 (19.7%), N2 (9.3%), or unknown nodal status (2.4%) breast cancer. The proportions indicate the number of patients who underwent hormone therapy or chemotherapy among all patients, b)There were 469 patients (37%) treated with hormone
therapy alone, 408 patients (33%) treated with chemotherapy alone, and 340 patients (27%) treated with both hormone therapy and chemotherapy, c)The proportion
of patients receiving hormone therapy and chemotherapy increased with time. The rate of SCN failure steadily decreased over the same time period, d)Proportion
of patients receiving hormone therapy or chemotherapy relative to all patients with N0-N2 breast cancer. Survival was not specified solely for N1 cases, e)The study
included patients with N0-N3 breast cancer treated with breast-conserving surgery (76.1%) or mastectomy (23.9%). The proportion of patients treated with hormone
therapy or chemotherapy was calculated among patients with N0-N3 disease. Survival was not specified solely for N1 cases.

Retrospective

Design

Livi et al. [6]

Study

Table 5. Studies reporting the incidence of SCN metastasis after whole-breast radiotherapy with or without elective SCN irradiation in patients with N1 breast
cancer
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improved the 5-year DFS compared to WBI alone (89.7% vs.
84.0%, p=0.003) [4,15]. Nonetheless, the benefit of RNI found
in the aforementioned studies might be attributed to incorporation of less effective systemic treatments. Systemic treatments now known to improve loco-regional control, such as
taxane or endocrine therapy, were prescribed to a small percentage of patients in the studies. Moreover, the results of
the previous two studies could not be used to determine the
advantages specific to SCNRT because all regional lymphatics were irradiated in those studies.
A large portion of the lymphatics from the breast pass
through the ALN to SCN or drain to the IMN. There is direct
nodal drainage to the SCN without traversing the ALN
[16,17]. Generally, less than 10% of patients with N1 breast
cancer experienced SCN failure after WBI alone [6,7,9-11].
According to a previously conducted survey, about half of
the EORTC-affiliated radiation oncology centers advocate
SCNRT for patients with N1 breast cancer [18]. In Canada,
64% of N1 breast cancer patients were treated with SCNRT
in addition to post-lumpectomy radiotherapy [19]. Even with
suggestions to include elective SCNRT in N1 breast cancer
treatment, to our knowledge, no study has specifically tested
the effects of SCNRT. Most studies reporting SCN recurrence
adopted cyclophosphamide, methotrexate, fluorouracil or
anthracycline–based chemotherapy for adjuvant treatment
of N1 breast cancer (Table 5). Endocrine therapy was not generally administered to these patients. Because the regimens
of systemic treatments used in the studies are now considered suboptimal [5], the rates of SCN recurrence and the benefit of SCNRT in N1 breast cancer must be reevaluated in the
context of modern systemic treatments.
In this study, we assessed the benefit of elective SCNRT in
N1 breast cancer patients treated with the current standard
systemic treatments. All patients were given AT-based
chemotherapy, and over 92% of patients with hormoneresponsive breast cancer received adjuvant endocrine therapy. We found that, regardless of elective SCNRT, SCN
metastases occurred in less than 1% of patients with N1
breast cancer when they were treated with post-lumpectomy
WBI, AT-based chemotherapy, and systemic agents according to the molecular subtype of the tumor. All SCN failures
were found simultaneously with distant sites metastases.
Moreover, we did not observe any significant change in
patient survival or pattern of the first failure in response to
the addition of SCNRT. According to previous studies,
administering AT-based chemotherapy reduced disease
recurrence and breast cancer mortality more effectively than
applying an anthracycline-based regimen alone for patients
with early breast cancer [20,21]. The addition of taxane to AC
resulted in significant improvement in DFS compared to AC
alone in patients with node-positive breast cancer [22].
Notably, the incidence of loco-regional recurrence was sig-
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nificantly reduced by the addition of taxane [23]. The relative
benefit of taxane-containing chemotherapy to locoregional
control is reported to be around 20%-30% [5]. According to
a previous report, the 5-year locoregional relapse rate was
9.7% in the AC treated group, while it was 3.7% in patients
receiving AC and taxane chemotherapy [23]. Endocrine therapy and anti-HER2 treatment reduce loco-regional recurrence by about 50% when they are properly conducted
according to the molecular subtype of the tumor [5,24]. Given
the effectiveness of the systemic treatments in the current
study, it is likely that applying AT-based chemotherapy to
all patients and administering endocrine treatment to most
of the patients contributed to the absence of gain by elective
SCNRT. In the MA.20 trial, where N1 breast cancer
accounted for 84.9% of the enrolled cases, the 5-year DFS rate
was reported as 92.4% in patients with WBI plus RNI [15]. In
the present study, the 5-year DFS rate of patients with WBI
alone was 94.4%. Even if it is difficult to directly compare the
results of our current study to those of the MA.20 trial, it
seems that the outcome of WBI alone is comparable to the
results of WBI plus RNI when the WBI was administered
coupled with effective systemic treatments. In a study by
Yates et al. [10], the authors examined the risk of SCN failure
in patients with N1 breast cancer after WBI alone over a
25-year period at two hospitals in the UK. Between 1975 and
2000, the 5-year SCN recurrence rate fell from 7.3% to 2.9%
[10], during which time the use of chemotherapy and
endocrine therapy increased. These findings suggest that the
improved effect of systemic therapies during the 25-year
period influenced regional tumor control of N1 breast cancer.
Similarly, the impact of systemic treatments should be considered when determining the field of radiotherapy for N1
breast cancer. In particular, the effect of AT chemotherapy
on loco-regional control of N1 breast cancer should be
accounted for when optimizing the RNI field.
There is a possibility that microscopic tumor burden in the
SCN area is not sufficient to bring benefits by the addition of
SCNRT in N1 breast cancer. According to a study describing
patterns of lymphatic drainage of breast cancer by sentinel
lymph node mappings, only 0.5% of patients with clinically
node-negative breast cancer had sentinel lymph node metastasis in the SCN area [17]. Likewise, patients with N1 breast
cancer might have minimal tumor burdens in the SCN
region. Given the low amount of subclinical disease in SCN,
elective SCNRT did not have an advantage over WBI alone
in patients with N1 breast cancer.
We found that lymphedema and pneumonitis occurred
more frequently after WBI+SCNRT than after WBI alone. In
the current study, about 16% of patients showed lymphedema after WBI+SCNRT. ALND, which was performed
on all patients in this study, might contribute to the risk of
lymphedema. Previous studies reported that arm edema was
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found in 3%-25% of patients with ALND, WBI, or SCNRT
[13]. Even when the complications were not severe, applying
SCNRT was significantly associated with an increase in
adverse events. Therefore, the adverse effects caused by the
addition of SCNRT should be considered when determining
the radiation field for N1 breast cancer.
It should be noted that our study had several limitations.
Specifically, there might have been biases in selecting
patients because patient data were retrospectively collected
and matched in this study. We balanced probable prognostic
factors of patients between the two treatment groups by
matching propensity score; however, unperceived variables
might have been unevenly distributed between groups.
Additionally, pathologic examinations were conducted at
several different hospitals in this study, thereby causing
missing information regarding some pathologic characteristics of the tumors. For example, not all participating hospitals
were able to provide information describing extracapsular
extensions of metastatic lymph nodes or Ki-67 levels. Therefore, it is possible that the pathologic variables could have
been arranged unequally between the treatment groups.
Finally, the duration of follow-up of patients was relatively
short in this study. The median follow-up period was 73
months for patients with WBI and 60 months for those with
WBI+SCNRT. It has been reported that long-term follow-up
is necessary for patients with breast cancer to detect late disease recurrence and treatment-related adverse effects [25].
Therefore, further follow-up of patients is needed to weigh
benefits against adverse effects of the addition of SCNRT.
Accordingly, a randomized trial to confirm the prognostic
impact of SCNRT in N1 breast cancer is warranted.
In this study, we could not determine a subgroup of
patients who benefitted from elective SCNRT. There were no
pathologic features or molecular subtypes significantly associated with improved outcome by the addition of SCNRT. It
was recently reported that the gene expression profile of a
tumor can predict loco-regional recurrence and distant
metastasis of breast cancer [26,27]. Similarly, the biological
characteristics of tumors are expected to help in selecting
patients with N1 breast cancer who can achieve therapeutic
gain by the addition of SCNRT.

In conclusion, elective SCNRT did not provide an advantage for tumor control in patients with N1 breast cancer
when they received effective systemic treatments. Mild treatment-related complications were found more frequently following the addition of SCNRT. Further randomized studies
are necessary to determine the optimal field of post-lumpectomy radiotherapy for N1 breast cancer.
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Incorporating Erlotinib or Irinotecan Plus Cisplatin into
Chemoradiotherapy for Stage III Non-small Cell Lung Cancer
According to EGFR Mutation Status
Purpose
Concurrent chemoradiotherapy (CCRT) is the standard care for stage III non-small cell lung
cancer (NSCLC) patients; however, a more effective regimen is needed to improve the outcome by better controlling occult metastases. We conducted two parallel randomized phase
II studies to incorporate erlotinib or irinotecan-cisplatin (IP) into CCRT for stage III NSCLC
depending on epidermal growth factor receptor (EGFR) mutation status.
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Materials and Methods
Patients with EGFR-mutant tumors were randomized to receive three cycles of erlotinib first
and then either CCRT with erlotinib followed by erlotinib (arm A) or CCRT with IP only (arm B).
Patients with EGFR unknown or wild-type tumors were randomized to receive either three
cycles of IP before (arm C) or after CCRT with IP (arm D).
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Results
Seventy-three patients were screened and the study was closed early because of slow
accrual after 59 patients were randomized. Overall, there were seven patients in arm A, five
in arm B, 22 in arm C, and 25 in arm D. The response rate was 71.4% and 80.0% for arm
A and B, and 70.0% and 73.9% for arm C and D. The median overall survival (OS) was 39.3
months versus 31.2 months for arm A and B (p=0.442), and 16.3 months versus 25.3
months for arm C and D (p=0.050). Patients with sensitive EGFR mutations had significantly
longer OS than EGFR-wild patients (74.8 months vs. 25.3 months, p=0.034). There were
no unexpected toxicities.
Conclusion
Combined-modality treatment by molecular diagnostics is feasible in stage III NSCLC. EGFRmutant patients appear to be a distinct subset with longer survival.

Introduction
Lung cancer remains the leading cause of cancer death in
both men and women worldwide [1], including in Korea [2].
Non-small-cell lung cancer (NSCLC) accounts for approximately 85% of all lung cancers, and 30% to 40% of these
patients present with unresectable stage IIIA and IIIB disease
[3]. For stage III NSCLC patients with a good performance
status (PS), combined-modality therapy using chemotherapy
│ http://www.e-crt.org │

Key words
Chemoradiotherapy, EGFR tyrosine kinase inhibitor,
EGFR mutation, Non-small-cell lung carcinoma

and thoracic radiation therapy represents the standard of
care. In addition, several phase III trials have demonstrated
that the concurrent administration of these two modalities
improves long-term survival relative to sequential strategies,
resulting in the general acceptance of concurrent chemoradiotherapy (CCRT) as a vital component of standard therapeutic paradigms [4,5]. Despite this improved survival, more
than two thirds of patients develop overt metastatic disease
within 2 to 3 years, and most patients die from their disease
as a result of distant failure. Therefore, control of occult
Copyright ⓒ 2017 by the Korean Cancer Association
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micrometastatic disease remains a challenge in this patient
population.
However, molecularly-targeted therapy using epidermal
growth factor receptor tyrosine kinase inhibitors (EGFR-TKI)
has brought new enthusiasm to the treatment of NSCLC
patients over the last decade. While the initial clinical trials
did not demonstrate a survival benefit with EGFR-TKIs for
the overall population of advanced NSCLC patients [6], a
specific subset of patients carrying mutations on the kinase
domain of EGFR gene were found to be highly sensitive to
the these drugs [7,8]. Encouraged by these results, we
thought that if cases were properly selected, unresectable
stage III NSCLC patients would benefit from EGFR-TKI
treatment as good as those with stage IV NSCLC. Thus, we
designed a randomized phase II trial to evaluate the efficacy
and toxicity of EGFR-TKI erlotinib incorporated into the
CCRT setting for patients with EGFR-mutant stage III
NSCLC.
This study was also designed to develop an optimal treatment strategy to resolve occult micrometastatic disease by
administering more effective chemotherapy at full dose
before or after CCRT for patients with EGFR unknown or
wild-type tumors. Earlier randomized trials that reported
inferior outcomes for induction chemotherapy followed by
radiotherapy (RT) utilized old chemotherapeutic agents such
as vinblastine, vindesine, and mitomycin [4,5]. Therefore, we
explored the impact of more effective irinotecan plus cisplatin (IP) regimen as induction or consolidation chemotherapy. We used the IP regimen because the clinical synergism
of this combination was demonstrated in several clinical trials that reported 25%-59% response rates and 1-year survival
rates as high as 57% for patients with advanced NSCLC
[9-12]. We previously conducted a phase II study using IP
regimen in patients with advanced NSCLC. Of 77 assessable
patients, 36 achieved partial response (PR); thus, the overall
response rate (ORR) was 47% [13]. In our study, the median
overall survival (OS) was 15.2 months (range, 2.9 to 29.7
months) with a 1-year survival rate of 63.3% (95% confidence
interval [CI], 52.4% to 74.1%). Furthermore, IP regimen
showed a more favorable toxicity profile than etoposide plus
cisplatin (EP) in a phase III trial of chemo-naïve extensive
stage small cell lung cancer [14]. Based on the favorable
activity and toxicity profile, we selected IP regimen rather
than EP for the concurrent treatment.
Collectively, we conducted two parallel randomized phase
II studies to incorporate erlotinib or IP into CCRT for stage
III NSCLC stratified by the EGFR mutation status.
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Materials and Methods
1. Eligibility
Patients ( 18 years of age) with a cytological or histological confirmation of NSCLC, unresectable stage IIIA (T1-3N2)
confirmed by surgeon or stage-IIIB (T4N2 or T1-4N3 not
malignant pleural effusion) according to the American Joint
Committee on Cancer sixth edition, a PS of 0 or 1 on the Eastern Cooperative Oncology Group (ECOG) scale, and no prior
therapy for NSCLC were eligible. Adequate tissue samples
for EGFR mutation analysis were requested, but not mandatory. The qualifying laboratory criteria were as follows:
absolute neutrophil counts of  2,000/µL, platelets of
 100,000/µL, hemoglobin of  10 g/dL, total serum bilirubin
of  1.0the institutional upper limit of normal (ULN), serum
transaminases of  2.0ULN, and serum creatinine levels
 1.0ULN. Patients whose forced expiratory volumes in 1
second were lower than 1 L by spirometry were excluded.
All the patients provided written informed consent, and this
study was approved by the institutional review board (ClinicalTrials.gov, NCT00620269).
2. Study design and treatment
This was a single center, open-label, parallel, randomized,
phase II study. The stratification factors were supraclavicular
lymph node, histology (adenocarcinoma vs. non-adenocarcinoma), and smoking history.
Patients with EGFR-mutant tumors initially received three
cycles of erlotinib and were then treated by CCRT with either
two cycles of erlotinib (arm A) or IP (arm B) (Fig. 1). After
completion of CCRT, the patients in arm A received consolidation therapy with six cycles of erlotinib, while those in
arm B were observed until disease progression and restarted
erlotinib after progression. Patients with EGFR unknown or
wild-type tumors were treated by either induction therapy
with three cycles of IP followed by CCRT with two cycles of
IP (arm C) or CCRT with two cycles of IP followed by consolidation therapy with three cycles of IP (arm D). Erlotinib
was administered at 150 mg daily with a 3-week cycle. IP was
administered with cisplatin 30 mg/m2 (days 1 and 8) and
irinotecan 60 mg/m2 (days 1 and 8) during RT or with cisplatin 30 mg/m2 (days 1 and 8) and irinotecan 65 mg/m2
(days 1 and 8) during induction or consolidation therapy
with a 3-week cycle.
All thoracic RT was based on computed tomography (CT)
planning. The CT simulation was performed with a GE
LightSpeed RT (GE Healthcare, Milwaukee, WI) or Picker
CT-Simulator UltraZ (Philips Medical System, Best, The
Netherlands), and each scan slice had a thickness of 35 mm.
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EGFR mutations

EGFR WT or unknown

Arm A

Arm B

Arm C

Arm D

Induction

Erlotinib×3

Erlotinib×3

IP×3

None

Chemoradiation

TRT+
Erlotinib×2

TRT+
IP×2

TRT+
IP×2

TRT+
IP×2

Consolidation

Erlotinib×6

None

None

IP×3

Erlotinib
on PD

Erlotinib 150 mg daily for 21 days
IP as induction/consolidation: irinotecan 65 mg/m2+cisplatin 30 mg/m2 intravenously D1 & D8 every 3 weeks
IP with TRT: irinotecan 60 mg/m2+cisplatin 30 mg/m2 intravenously D1 & D8 every 3 weeks
TRT: 60 Gy/30 fractions over 6 weeks

Fig. 1. Study design. EGFR, epidermal growth factor receptor; WT, wild type; IP, irinotecan plus cisplatin; TRT, thoracic radiotherapy; PD, disease progression.

The target volumes were defined as follows: gross tumor volume (GTV), primary tumor(s) and involved lymph node(s);
clinical target volume (CTV), GTV+1 cm for microscopic
tumor extension; planning target volume (PTV), CTV+5 mm
margin. A minimum of 36 coplanar isocentric fields were
designed for 3-dimensional conformal radiotherapy (3D-CRT)
and intensity modulated radiotherapy (IMRT) with pinnacle
radiotherapy treatment planning (RTP) systems (Philips
Radiation Oncology Systems, Milpitas, CA) or the Eclipse
RTP system, ver. 8.3 (Varian Medical System Inc., Palo Alto,
CA). A once daily dose of 2.4 Gy was delivered up to 60 Gy
in 25 fractions for 5 days per week. The daily dose of 2.4 Gy
was composed of 1.8 Gy to PTV and a concomitant boost
dose of 0.6 Gy to GTV, with a field border defined as GTV+
1-1.5 cm for 3D-CRT and planning GTV as GTV+8-10 mm
considering set-up error and internal motion for IMRT.
3. Patient evaluation
A disease assessment by chest CT was conducted after
three cycles of induction therapy, 4 weeks after completion
of CCRT, and then every 8 weeks thereafter until disease progression. The ORR was determined by the number of
patients with complete response and PR according to the
Response Evaluation Criteria in Solid Tumor committee 1.0

[15]. Adverse events were evaluated according to the Common Terminology Criteria for Adverse Events ver. 3.0.
4. Statistical analysis
The primary endpoints are ORR, toxicities, and OS. The
secondary endpoints are progression-free survival (PFS) and
patterns of failure. The sample size calculation was as follows.
1) For patients with EGFR-mutant tumor
Assuming accrual of 50 patients over 2 years and 2 years
of follow-up, this number of patients will provide a 73%
power to detect a 7-month difference in median survival with
a type I error of 0.05 based on a one-sided test (i.e., 17 months
for the historical CCRT vs. 24 months for the EGFR mutation
positive group as a whole). However, allowing for an invaluable rate of up to 10%, the total sample size will be 56 patients
(per each arm of 28 patients).
2) For patients with EGFR unknown or wild-type tumor
Assuming accrual of 148 patients over 2 years and 2 years
of follow-up from the last accrual, with 80% power to detect
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Table 1. Patient characteristics
Characteristic

EGFR mutant type
(n=12)
Arm A (n=7)

Age, median (range, yr)
Sex
Female
Male
Smoking
Never
Ever
ECOG PS
0
1
Pathology
ADC
Non-ADC
Stagea)
IIIA
IIIB
Supraclavicular LN
Involved
Not involved

Arm B (n=5)

EGFR wild type (n=28)
or unknown (n=19)
Arm C (n=22)

Arm D (n=25)

61 (37-78)

62 (51-78)

60 (37-74)

61 (42-76)

5 (71.4)
2 (28.6)

3 (60.0)
2 (40.0)

3 (13.6)
19 (86.4)

4 (16.0)
21 (84.0)

5 (71.4)
2 (28.6)

3 (60.0)
2 (40.0)

2 (9.1)
20 (90.9)

3 (12.0)
22 (88.0)

3 (42.9)
4 (57.1)

1 (20.0)
4 (80.0)

10 (45.5)
12 (54.5)

7 (28.0)
18 (72.0)

6 (85.7)
1 (14.3)

5 (100)
0(

8 (36.4)
14 (63.6)

9 (36.0)
16 (64.0)

2 (28.6)
5 (71.4)

1 (20.0)
4 (80.0)

5 (22.7)
17 (77.3)

7 (28.0)
18 (72.0)

2 (28.6)
5 (71.4)

2 (40.0)
3 (60.0)

12 (54.5)
10 (45.5)

11 (44.0)
14 (56.0)

Values are presented as number (%). EGFR, epidermal growth factor receptor; ECOG, Eastern Cooperative Oncology Group;
PS, performance status; ADC, adenocarcinoma; LN, lymph node. a)Staging according to the seventh edition of American Joint
Committee on Cancer TNM staging system.

a 7-months difference in median survival with a type I error
of 0.05 based on a one-sided test (i.e., 17 months for the historical CCRT vs. 24 months for the EGFR mutation negative
group with new treatment as a whole), we need 74 patients
per arm. However, allowing for a follow-up loss rate of up
to 5%, the total sample size will be total 156 patients per each
arm of 78 patients.
OS was calculated from the start date of study treatment
to the date of death. PFS was calculated from the start date
of study treatment to the first objective documentation date
of progressive disease or death. Pearson’s chi-square test or
Fisher exact test was used to compare the ORR of treatment
arms, where appropriate. Survival time was estimated using
the Kaplan-Meier method, and survival difference between
groups was assessed using the log-rank test.
5. EGFR mutation analysis
Nucleotide sequencing of the kinase domain of the EGFR
gene (exons 19, 20, and 21) was conducted using nested polymerase chain reaction amplification of the individual exons.
The details of the sequencing procedure have been described

984

CANCER RESEARCH AND TREATMENT

elsewhere [16]. When this study was initially designed, there
was no information available regarding drug sensitivity for
uncommon EGFR mutations; thus, patients having tumors
with all types of EGFR mutation were allocated into arm A
and B.

Results
Recruitment started in March of 2008 and stopped in
August of 2014 due to slow accrual rate. Overall, 73 patients
were screened and 59 were enrolled. We analyzed EGFR
mutations in tumor biopsy samples of 40 patients. There
were 12 patients with EGFR-mutant tumors (exon 19 deletion
in 10, exon 20 insertion in two) who were randomly assigned
to arm A (n=7) and arm B (n=5), while 47 patients with 28
EGFR-wild and 19 EGFR-unknown tumors were assigned to
arm C (n=22) and arm D (n=25) (S1 Fig.).
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Table 2. ORR after concurrent chemoradiotherapy
Response

Arm A
(n=7)

Arm B
(n=5)

Arm C
(n=22)

Arm D
(n=25)

CR
PR
SD
PD
NE
ORR (CR+PR), n (%)

0(
5(
0(
2(
0(
5/7 (71.4)

0(
4(
1(
0(
0(
4/5 (80.0)

0(
14 (
5(
1(
2(
14/20 (70.0)

1(
16 (
6(
0(
2(
17/23 (73.9)

p-value

0.906

CR, complete response; PR, partial response; SD, stable disease; PD, disease progression; NE, not evaluable; ORR, overall
response rate.

A

1.0

Arm A
Arm B
Arm C
Arm D

Log-rank p=0.134

0.6
0.4
0.2
0

Arm A
Arm B
Arm C
Arm D

0.8
Survival probability

Survival probability

0.8

B

1.0

Log-rank p=0.041

0.6
0.4
0.2

0

12

24

Arm
Arm A (n=7)
Arm B (n=5)
Arm C (n=22)
Arm D (n=25)

36
48
Time (mo)

60

72

Event

Median PFS (mo)

6
5
20
15

11.6
8.1
9.0
12.3

0

0

12

24

Arm
Arm A (n=7)
Arm B (n=5)
Arm C (n=22)
Arm D (n=25)

36

48 60
Time (mo)

72

84

Event

Median OS (mo)

5
3
20
16

39.3
31.2
16.3
25.3

96

Fig. 2. Survival outcomes by treatment arm. (A) Progression-free survival (PFS). (B) Overall survival (OS).

1. Patient characteristics
Patient characteristics are shown in Table 1. Age, ECOG
PS, stage, and involvement of supraclavicular lymph node
were well balanced among the four arms. About 70% had
stage IIIB disease and about 40% had supraclavicular lymph
node involvement. As expected, the proportion of female,
never smoker, and patients with adenocarcinoma was higher
in the EGFR-mutant groups (arm A and B), but lower in the

EGFR wild-type or unknown groups (arm C and D). The
patients with EGFR-unknown tumors were more likely to
have squamous cell carcinoma histology than those with
EGFR wild-type and mutant tumor (70.6% vs. 30.0% vs. 8.3%,
p < 0.001).
2. Efficacy
After induction therapy, the ORR was 71.4% in arm A,
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Table 3. Severe adverse effects
Adverse effect
Anemia
Neutropenia
Febrile neutropenia
Thrombocytopenia
AST/ALT increased
Creatinine increased
Fatigue/Asthenia
Anorexia
Nausea
Vomiting
Skin rash
Diarrhea
Oral mucositis
Radiation esophagitis
Radiation pneumonitis

During induction therapy
 grade 3 (%)

During and after chemoradiotherapy
 grade 3 (%)

Arm A

Arm B

Arm C

Arm A

Arm B

Arm C

Arm D

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
14.3
0.0
0.0
-

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
20.0
0.0
0.0
-

13.6
50.0
0.0
4.5
0.0
4.5
0.0
0.0
0.0
0.0
0.0
4.5
0.0
-

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
20.0
0.0
0.0
0.0
0.0
20.0
20.0
0.0
0.0
0.0
0.0
0.0
20.0
0.0

22.2
72.2
0.0
11.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
5.6
0.0
0.0
5.6

4.2
41.7
4.2
4.2
0.0
0.0
12.5
4.2
4.2
0.0
0.0
0.0
0.0
4.2
8.7

AST, aspartate aminotransferase; ALT, alanine transaminase.

80.0% in arm B, and 70.0% in arm C (S2 Table). The best ORR
after CCRT was 71.4% in arm A, 80.0% in arm B, 70.0% in
arm C, and 73.9% in arm D (Table 2). According to the EGFR
mutation status, the best ORR after CCRT was 75.0% in the
EGFR-mutant type group, 80.8% in the EGFR-wild type
group, and 58.8% in the EGFR-unknown group (S3 Table).
Of 12 patients with EGFR-mutant tumors, nine showed PR
as the best ORR, but one patient (exon 20 insertion) did show
stable disease and two patients (exon 19 deletion and exon
20 insertion) had progressive disease (PD).
Median follow-up duration of the 13 surviving patients
was 23.6 months (range, 15.3 to 88.2). There was no difference
in PFS among treatment arms, with a median PFS of 11.6
months (95% CI, 0.1 to 23.2) in arm A, 8.1 months (95% CI,
2.7 to 13.6) in arm B, 9.0 months (95% CI, 7.5 to 10.4) in arm
C, and 12.3 months (95% CI, 6.6 to 18.0) in arm D (p=0.134)
(Fig. 2). In terms of OS, the median OS was 39.3 months (95%
CI, 0.7 to 83.3) versus 31.2 months (95% CI, 0.1 to 90.2) for
arm A vs. arm B (p=0.442) and 16.3 months (95% CI, 3.8 to
28.9) versus 25.3 months (95% CI, 20.8 to 29.8) for arm C vs.
arm D (p=0.050) (S4 Fig.). There was a trend towards longer
OS in the EGFR-mutant groups than the EGFR wild-type or
unknown groups: median OS, 39.3 months (95% CI, 0.1 to
89.6) versus 22.1 months (95% CI, 16.0 to 28.1), respectively
(p=0.081) (S5 Fig.). When OS was compared between sensitive EGFR-mutant and wild-type groups, the median OS
remained longer in patients with sensitive EGFR-mutant
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tumor than those with EGFR wild-type tumor (74.8 months
[95% CI, 5.4 to 144.2] vs. 25.3 months [95% CI, 20.1 to 30.6]),
respectively (p=0.034).
Of 11 patients with EGFR-mutant tumors experiencing PD,
10 received subsequent treatment (S6 Table). Eight of these
patients received EGFR-TKI, six as a second-line treatment
and two as a third line treatment after intervening chemotherapy. The ORR after EGFR-TKI treatment was 75% and
the median PFS was 8.4 months (95% CI, 2.0 to 14.8). The
median survival after PD was significantly longer in the
EGFR-mutant groups than the EGFR wild-type or unknown
groups: 25.4 months (95% CI, 19.5 to 31.5) versus 9.8 months
(95% CI, 4.9 to 14.6), respectively (p=0.017).
3. Toxicities
There was no treatment-related mortality among all
patients and all treatment regimens were tolerable. Table 3
lists the severe hematologic and non-hematologic toxicities
during the induction phase and during or after the CCRT
phase. Grade 3 or 4 neutropenia developed more frequently,
but not febrile neutropenia in patients treated with IP relative
to those treated with erlotinib. There was no difference in the
incidence of grade 3 or 4 radiation pneumonitis between
CCRT with erlotinib and CCRT with IP (arm A vs. arm B to
D, 0.0% vs. 6.5%, p=0.227).
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4. Pattern of treatment failure
At the time of study analysis, 44 treatment failure sites
(74.6%) were known (S7 Table). Of the 44 treatment failures,
the rates of loco-regional failure and distant failure were
36.3% and 47.7%, respectively. Among distant failure sites,
lung and brain were the two most common. There was no
significant difference in loco-regional or distant failure rates
among the four arms. In the EGFR-mutant groups, the locoregional and distant failure rates were 27.3% and 63.3%,
respectively, while they were 39.4% and 42.4% in the EGFR
wild-type or unknown groups (p=0.463). The brain was more
common as the first relapse site in the EGFR-mutant groups
compared with the EGFR wild-type or unknown groups,
even though there was no statistical significant difference
between groups (45.5% vs. 18.2%, p=0.070).

Discussion
To the best of our knowledge, this was the first randomized phase II study to incorporate tailored chemotherapy
regimens into the CCRT setting according to EGFR mutation
status for unresectable stage III NSCLC patients. Although
this study was closed early because of slow accrual, the
results suggested that the combined-modality treatment
based on molecular diagnostics was feasible for unresectable
stage III NSCLC patients. In addition, concurrent administration of erlotinib or irinotecan plus cisplatin together with
thoracic RT was safe and well tolerated without unexpected
adverse events.
The results demonstrated that specific subsets such as
female, never smoker, and patients with adenocarcinoma
had a high likelihood of carrying an EGFR mutation in stage
III lung cancer, which is consistent with stage IV lung cancer
[17]. Patients with EGFR-mutant tumor showed similar ORR
and median PFS, but longer median OS when compared to
patients with EGFR-wild type tumor. The discordance
between OS and PFS was caused by effective systemic therapy, namely EGFR-TKI, applied to patients with EGFRmutant tumor when the disease progressed after CCRT.
Actually, the post-progression survival was significantly
longer in patients with EGFR-mutant tumor compared to the
other patients (p=0.017). Of the 12 patients having EGFRmutant tumor, 11 experienced PD and eight received EGFRTKIs during the disease course after PD. Their ORR to subsequent EGFR-TKIs was 75% with a median PFS of 8.4
months, which was comparable to the clinical outcome of
EGFR-TKIs in chemo-naive patients with stage IIIB/IV
EGFR-mutant tumor [18-20]. In this study, erlotinib was only

given during three cycles of induction therapy for arm B and
11 cycles for arm A (three cycles of induction therapy, two
cycles during and six cycles after CCRT). Thus, these groups
appear to have remained sensitive to EGFR-TKIs at the time
of progression and reuse of EGFR-TKIs was confirmed to be
beneficial.
Approximately half of the patients with EGFR-mutant
tumors presented with brain metastasis as the first site of
treatment failure. The brain failure rate of this EGFR-mutant
group was higher than the 15%-30% rate reported for unselected locally advanced NSCLC patients receiving standard
curative multimodality treatment in previous studies [21-24].
This finding indicates that incorporation of EGFR-TKIs
resulted in much better control of extracranial disease and
increased survival for patients with EGFR-mutant tumor.
Additionally, a high intrinsic potential for brain metastasis
of EGFR-mutant tumor or incomplete drug penetration of the
brain–blood barrier of EGFR-TKIs may explain the high
incidence of brain failure in this patient group. Taken
together, patients with stage III EGFR-mutant NSCLC may
represent a distinct clinical subset, which warrants careful
consideration in CCRT trial design and outcome evaluation.
When this study was designed, there were concerns about
the possibility of EGFR-TKIs aggravating the radiationinduced pneumonitis because severe drug-induced interstitial lung disease is the most concerning toxicity of EGFRTKIs, with an incidence of about 1% [25]. In a Japanese
clinical trial, 38 patients with stage III adenocarcinoma
received 250 mg gefitinib daily with thoracic RT after induction therapy and one of 35 patients stopped CCRT due to
grade 3 pneumonitis [26]. In another prospective study, 49
stage III NSCLC patients whose ethnicity was mainly white
received erlotinib 150 mg daily for 6 days a week during thoracic RT, but only three of 46 patients showed severe pneumonitis (two with grade 3 and one with grade 4) [27].
Although the subject numbers were small, our study also
suggested that erlotinib before or during thoracic RT does
not increase the incidence and severity of pneumonitis and
can be safely added to CCRT.
We also tried to develop a more effective treatment schedule to control occult micrometastasis by applying a new
chemotherapy regimen at full dose before or after CCRT in
patients with EGFR unknown or wild-type tumor. This study
showed there was no difference in the toxicity profile
between the two treatment arms, but the consolidation treatment arm (arm D) showed longer survival than the induction
treatment arm (arm C), even though the sample size was too
small to draw a firm conclusion. The survival outcome of the
consolidation arm seems favorable, even when compared to
those of historical randomized trials, which rarely exceeded
17 months after CCRT [4,5]. These results were consistent
with those of other previous randomized phase II studies
VOLUME 49 NUMBER 4 October 2017

987

Cancer Res Treat. 2017;49(4):981-989

[28], suggesting that upfront CCRT followed by chemotherapy may be superior to chemotherapy followed by CCRT
when both treatment strategies can achieve high completion
rate. However, these results need to be confirmed in large
randomized studies.
Among patients with unresectable stage III NSCLC, those
carrying EGFR-mutant tumors might show a distinct clinical
course with longer survival in contrast to other subsets. Thus,
it is necessary to allocate appropriate treatment regimens to
stage III NSCLC patients based on molecular characteristics
in the era of molecular-targeted therapy. This randomized
phase II study demonstrated that this treatment approach is
feasible and well tolerated in this population.
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Purpose
Rates of women with breast cancer have increased rapidly in recent years in Vietnam, with
over 10,000 new patients contracting the disease every year. This study was conducted to
identify demographic, reproductive and lifestyle risk factors for breast cancer in Vietnam.
Materials and Methods
Breast density, demographic, reproductive and lifestyle data of 269 women with breast cancer and 519 age-matched controls were collected in the two largest oncology hospitals in
Vietnam (one in the north and one in the south). Baseline differences between cases and
controls in all women, premenopausal and postmenopausal women were assessed using
chi-squared tests and independent t tests. Conditional logistic regression was used to derive
odds ratios (OR) for factors that had statistically significant associations with breast cancer.
Results
Vietnamese women with breast cancer were significantly more likely to have a breast density
> 75% (OR, 1.7), be younger than 14 years at first menstrual period (OR, 2.2), be postmenopausal (OR, 2.0), have less than three pregnancies (OR, 2.1), and have less than two
babies (OR, 1.7). High breast density (OR, 1.6), early age at first menstrual period (OR, 2.6),
low number of pregnancies (OR, 2.3), hormone use (OR, 1.8), and no physical activities (OR,
2.2) were significantly associated with breast cancer among premenopausal women, while
breast density (OR, 2.0), age at first menstrual period (OR, 1.8), number of pregnancies
(OR, 2.3), and number of live births (OR, 2.4) were the risk factors for postmenopausal
women.
Conclusion
Breast density, age at first menarche, menopause status, number of pregnancies, number
of babies born, hormone use and physical activities were significantly associated with breast
cancer in Vietnamese women.

Introduction
Breast cancer affected 1.7 million women worldwide in
2012 [1]. In low-income countries such as Vietnam, breast
cancer was traditionally found to have a low incidence rate
(less than 20 per 100,000 women) compared with Westernized populations [2], but recently reported increases demand

990

Key words
Breast neoplasms, Risk factors, Case-control studies,
Demography, Reproductive behaviour, Life style

attention. For example, in 2012 over 10,000 cases of female
breast cancer were diagnosed in Vietnam, which is a 30%
increase compared with 10 years ago [3]. At the time of writing, breast cancer was the most common cancer amongst
women in Vietnam.
In response to this increase in breast cancer incidence, the
Vietnamese government is promoting breast self-examination as a method of breast cancer screening. However,
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focused primary prevention is significantly hindered by limited data pertaining to risk factors associated with the disease. While demographic, reproductive and lifestyle factors
linked to breast cancer are reasonably well understood in
developed countries [4], the relevance of these parameters to
Vietnamese women is much less understood. Two previous
studies relating to breast cancer in Vietnam exist. The first,
which focused only on BRCA mutations, found an insignificant association between genetic profiles and breast cancer
due to low BRCA positivity in Vietnam [5]. The second
investigation did not find any association of breast cancer
with body mass index (BMI), age of menarche, total months
of lactation, and family history of breast cancer [6]; however,
this sample included only premenopausal women in Vietnam and China, which limited its scope in general and
specifically its relevance to Vietnam. Other potentially
important agents such as breast density and lifestyle parameters have been under-explored. Therefore, this study was
conducted to explore the association of breast density,
demographic, reproductive and lifestyle factors with female
breast cancer in Vietnam.

Materials and Methods
Ethical approval was obtained from the Research Ethics
Board of the University of Sydney, the Biomedical Research
Board of Ethics at the University of Medicine and Pharmacy
in Ho Chi Minh City and site permission from two hospitals
involved in this study.
1. Data collection
A prospective study was conducted in the two largest
cities of Vietnam, Ha Noi (National Cancer Hospital) and Ho
Chi Minh City (Oncology Hospital) in 2015. These hospitals
are the main cancer centers providing screening and treatment services for residents in the two regions.
Participants were recruited from X-ray departments.
Women who came for mammography either for screening or
diagnostic purposes were invited to participate in the study
and informed consent was obtained from the participants.
Data collected for each woman included a self-administered
questionnaire and a radiology report. For each cancer case,
we selected one to two controls matched on a single year of
age to the cases. Cancer cases were defined as women diagnosed with breast cancer that was biopsy confirmed, while
controls were women who did not have breast cancer based
on negative breast clinician and radiology reports. Females
with a prior history of breast cancer who received cancer

treatment or women with a breast biopsy of unknown outcome were excluded. Overall, there were 283 cancers and 527
controls fulfilling these criteria (138 cancer cases and 276 controls from the Vietnam National Cancer Hospital in Hanoi;
145 cancer cases and 251 controls from the Oncology Hospital in Ho Chi Minh City). The ages of cases ranged from 27
to 74 years and Kinh ethnicity accounted for 97% of the participants.
The epidemiological data used in this study were gathered
from three sources: a clinical mammographic assessment
form completed by a radiologist, a pathologist’s report if a
biopsy test was undertaken and a self-administered questionnaire completed by the participant. The questionnaire
was developed based on Canadian and Australian studies
that focused on well-known risk factors of breast cancer
related to demographic, reproductive and lifestyle information [7,8].
2. Study variables
Breast density, which represents the amount of fibro-glandular tissues on the mammograms, was assessed using
Breast Imaging-Reporting and Data System (BI-RADS) scores
from the radiology report as follows: BI-RADS 1, mostly fatty
breast (0%-24% dense); BI-RADS 2, scattered fibroglandular
breast (25%-50% dense); BI-RADS 3, heterogeneously dense
breast (51%-75% dense); BI-RADS 4, extremely dense breast
(76%-100% dense). The BI-RADS fourth edition [9] was used
was in line with clinical practice in Vietnam.
The information collected from the women who completed
questionnaires included age, height and weight (BMI=weight in kg/[height in meters]2), residency, age at menarche,
age at menopause, age at having first child, age at having last
child, number of pregnancies, number of babies born, and
how many months on average individuals had breastfed
each of their children. Women were defined as postmenopausal if they did not have menstrual periods within the previous 12 months. Women with bilateral oophorectomy or
hysterectomy were also considered to be postmenopausal.
Family history of breast cancer was established if they had a
mother, sister or daughter (first degree) or a relative (second
degree) ever diagnosed with breast cancer. Participants were
also asked about their hormone use (hormone replacement
therapy and daily oral contraceptive). A positive response
for alcohol consumption and smoking was identified when
participants reported having ever consumed at least 125 mL
of wine, 250 mL of beer or 30 mL of spirits per week in a
6-month period or smoked a cigarette at least once a day over
a 3-month period.
Physical activity questions were designed to estimate how
many minutes per week were spent in light (e.g., walking),
moderate (e.g., swimming and badminton) and vigorous
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Table 1. Distribution of cases and controls of all women
No. (%)a)
Factor
Age
Mean±SD (yr)
Breast density (%)
 75
> 75
Height (cm)
Mean±SD
< 155
 155
Weight (kg)
Mean±SD
 54
> 54
BMI
Mean±SD
< 23
 23
Age at first menstrual period (yr)
Mean±SD
< 14
 14
Menopause status
Pre
Post
Age at menopause
Mean±SD
< 50
 50
Age at first birth (yr)
Mean±SD
< 23
23-29
 30
Age at last birth (yr)
Mean±SD
< 30
 30
No. of pregnancies
Mean±SD
<3
3
No. of babies born
Mean±SD
<2
2
No. of months of breast feeding
Mean±SD
< 15
 15
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Case
(n=269, 34.1%)

Control
(n=519, 65.9%)

p-valueb)

49.2±9.7

48.8±8.5

0.37

181 (67.2)
88 (32.8)

382 (73.6)
137 (26.4)

0.04

154.2±5.3
138 (51.3)
131 (48.7)

154.0±5.5
268 (51.6)
251 (48.4)

0.70
0.93

54.1±8.2
144 (53.4)
125 (46.6)

53.8±7.7
288 (55.5)
231 (44.5)

0.60
0.56

22.8±3.1
146 (54.3)
123 (45.7)

22.6±2.9
303 (58.3)
216 (41.7)

0.60
0.29

15.3±2.0
58 (22)
205 (78)

15.6±2.0
58 (11.4)
453 (88.6)

0.04
< 0.001

121 (45.1)
148 (54.9)

324 (62.5)
195 (37.5)

< 0.001

48.6±4.8
74 (50.3)
74 (49.7)

49.1±4.8
84 (43.3)
111 (56.7)

0.38
0.20

24.5±4.4
99 (36.9)
136 (50.8)
33 (12.3)

23.9±4.5
234 (45.5)
229 (44.5)
51 (10)

0.09
0.08

30.3±5.5
124 (46.4)
144 (53.6)

30.1±5.3
251 (48.8)
263 (51.2)

0.65
0.55

3.1±2.0
119 (44.4)
149 (55.6)

3.7±2.0
144 (28)
370 (72)

< 0.001
< 0.001

2.1±1.3
73 (27.3)
195 (72.7)

2.4±1.3
91 (17.7)
423 (82.3)

0.001
0.002

15.0±6.4
131 (48.9)
137 (51.1)

15.1±6.1
238 (46.4)
276 (53.6)

0.79
0.53

Unadjusted OR

Adjusted OR

(95% CI)c)

(95% CI)d)

1.0 (reference)
1.7 (1.3-2.4)*

1.0 (reference)
1.5 (1.1-2.2)*

1.0 (reference)
1.0 (0.8-1.4)

1.0 (reference)
1.1 (0.8-1.5)

1.0 (reference)
1.2 (0.9-1.6)

2.2 (1.5-3.3)*
1.0 (reference)

2.1 (1.4-3.2)*
1.0 (reference)

1.0 (reference)
2.0 (1.5-2.7)*

1.0 (reference)
2.5 (1.8-3.4)*

1.3 (0.9-2.0)
1.0 (reference)

1.0 (reference)
1.4 (1.0-2.0)
1.5 (0.9-2.5)

1.0 (reference)
1.1 (0.8-1.5)

2.1 (1.5-2.8)*
1.0 (reference)

2.2 (1.6-3.0)*
1.0 (reference)

1.7 (1.2-2.5)*
1.0 (reference)

1.0 (0.6-1.5)
1.0 (reference)

1.1 (0.8-1.5)
1.0 (reference)
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Table 1. Continued
No. (%)a)
Factor
Hormone use
No
Yes
Family history of breast cancer
No
1st degree
2nd degree
Smoking
No
Yes
Alcohol drinking
No
Yes
Soy drinking
< 1 Cup per day
 1 Cup per day
Coffee drinking
< 1 Cup per day
 1 Cup per day
Vegetable consumption (servings)
1
2-3
4
Physical activities
No (inactive)
Yes (insufficient and sufficient)

Unadjusted OR

Adjusted OR

(95% CI)c)

(95% CI)d)

Case
(n=269, 34.1%)

Control
(n=519, 65.9%)

p-valueb)

190 (70.5)
79 (29.5)

385 (74.1)
134 (25.9)

0.40

1.0 (reference)
1.2 (0.8-1.7)

252 (93.7)
6 (2.2)
11 (4.1)

485 (93.4)
22 (4.3)
12 (2.3)

0.14

1.0 (reference)
0.5 (0.2-1.3)
1.8 (0.8-4.1)

265 (98.5)
4 (1.5)

509 (98.1)
10 (1.9)

0.66

0.8 (0.2-2.5)
1.0 (reference)

268 (99.6)
1 (0.4)

515 (99.2)
4 (0.8)

0.51

1.0 (reference)
0.5 (0.05-4.3)

227 (84.4)
42 (15.6)

449 (86.5)
70 (13.5)

0.46

1.0 (reference)
1.2 (0.7-1.8)

224 (83.1)
45 (16.9)

457 (88)
62 (12)

0.09

1.0 (reference)
1.5 (0.9-2.4)

32 (11.9)
144 (53.5)
93 (34.6)

44 (8.5)
313 (60.3)
162 (31.2)

0.16

1.0 (reference)
0.6 (0.4-1.1)
0.8 (0.4-1.4)

27 (10.1)
242 (89.9)

41 (7.9)
478 (92.1)

0.35

1.3 (0.7-2.3)
1.0 (reference)

OR, odds ratio; CI, confidence interval; SD, standard deviation; BMI, body mass index. *Statistically significant (p < 0.05).
a)
Number of participants (%), b)Obtained from t test for continuous variables and chi-squared test for categorical variables,
c)
Unadjusted OR (95% CI)—obtained from binary logistic regression, d)Multivariable adjusted OR (95% CI)—obtained from
multiple logistic regression.

activities (e.g., weight-lifting, aerobics, gardening, and farming). Activity level classification followed the Active Australia Survey where: inactive indicates not engaged in any
physical activity during the preceding month; insufficient
indicates spending less than 150 minutes per week doing
physical activities; sufficient indicates spending  150 minutes per week exercising [exercise time=walking time+moderate activity time+(2vigorous activity time)] [10].
Short questions regarding diet about were also included.
Specifically, women were asked to report the frequency of
drinking soy and coffee over the last 12 months and rate their
daily servings of vegetables (1 serving=one-half cup of
cooked vegetables or one cup of salad or vegetables).

3. Statistical methods
The statistical methods used in this study were primarily
as described in a similar study of an Asian population [11].
Baseline differences in the features of women with and without breast cancer were assessed using the chi-squared test
for categorical variables and an independent t test for continuous variables. For continuous variables (age, age at
menarche, age at menopause, BMI, age at having first child,
age at having last child, number of pregnancies, number of
babies born, number of months in breast feeding), we used
an optimal cut-off point obtained from a receiver operating
characteristic (ROC) curves with area under the curve values
above 0.5 (the highest diagnostic accuracy point closest to the
upper left corner of the ROC curve) to allocate these variables
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Table 2. Distribution of cases and controls of pre-menopausal women
Pre-menopausal women
a)

Factor

Age
Mean±SD (yr)
Breast density (%)
 75
> 75
Height (cm)
Mean±SD
< 155
 155
Weight (kg)
Mean±SD
 54
> 54
BMI
Mean±SD
< 23
 23
Age at first menstrual period (yr)
Mean±SD
< 14
 14
Age at first birth (yr)
Mean±SD
< 23
23-29
 30
Age at last birth (yr)
Mean±SD
< 30
 30
No. of pregnancies
Mean±SD
<3
3
No. of babies born
Mean±SD
<2
2
No. of months of breast feeding
Mean±SD
< 15
 15
Hormone use
No
Yes
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No. (%)
Case
(n=121, 27.2%)

Control
(n=324, 72.8%)

p-valueb)

43.3±7.2

43.1±6.8

0.72

67 (55.4)
54 (44.6)

212 (65.4)
112 (34.6)

0.04

154.7±5.4
56 (46.3)
65 (53.7)

154.6±5.6
151 (46.6)
173 (53.4)

0.95
0.95

54.2±8.2
69 (57)
52 (43)

54.0±7.9
180 (55.6)
144 (44.4)

0.80
0.78

22.6±3.0
70 (57.5)
51 (42.5)

22.5±3.0
199 (61.4)
125 (38.6)

0.83
0.46

15.1±1.8
27 (22.7)
89 (77.3)

15.5±1.9
32 (10.1)
285 (89.9)

0.06
0.001

23.8±3.8
49 (39.1)
63 (50)
14 (10.9)

23.6±4.3
151 (46.7)
147 (45.4)
26 (7.9)

0.80
0.32

29.5±5.2
64 (50.5)
62 (49.5)

29.4±5.3
173 (53.3)
151 (46.7)

0.90
0.61

2.9±1.8
64 (51.2)
62 (48.8)

3.4±1.8
103 (31.8)
221 (68.2)

0.005
< 0.001

2.0±1.0
30 (24)
96 (76)

2.1±0.9
62 (19.1)
262 (80.9)

0.12
0.26

15.9±6.0
52 (41.3)
74 (58.7)

15.4±6.2
135 (41.8)
189 (58.2)

0.48
0.93

75 (62.2)
46 (37.8)

244 (75.2)
80 (24.8)

0.02

Unadjusted OR
c)

Adjusted OR

(95% CI)

(95% CI)d)

1.0 (reference)
1.6 (1.1-2.3)*

1.0 (reference)
1.2 (0.6-2.2)

1.0 (reference)
1.0 (0.7-1.5)

1.0 (reference)
0.9 (0.6-1.4)

1.0 (reference)
1.2 (0.8-1.8)

2.6 (1.5-4.5)*
1.0 (reference)

2.3 (1.2-4.6)*
1.0 (reference)

1.0 (reference)
1.3 (0.8-2.1)
1.6 (0.7-3.5)

1.0 (reference)
1.1 (0.7-1.7)

2.3 (1.5-3.6)*
1.0 (reference)

2.6 (1.6-4.4)*
1.0 (reference)

1.3 (0.8-2.2)
1.0 (reference)

1.0 (0.6-1.5)
1.0 (reference)
1.0 (reference)
1.8 (1.1-3.0)*

1.0 (reference)
2.3 (1.3-3.9)*
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Table 2. Continued
Pre-menopausal women
a)

Factor

Family history of breast cancer
No
1st degree
2nd degree
Smoking
No
Yes
Alcohol drinking
No
Yes
Soy drinking
< 1 Cup per day
 1 Cup per day
Coffee drinking
< 1 Cup per day
 1 Cup per day
Vegetable consumption (servings)
1
2-3
4
Physical activities
No (inactive)
Yes (insufficient and sufficient)

No. (%)

Unadjusted OR

Case
(n=121, 27.2%)

Control
(n=324, 72.8%)

p-valueb)

112 (92.5)
3 (2.5)
6 (5)

304 (93.8)
13 (4)
7 (2.2)

0.22

1.0 (reference)
0.6 (0.2-2.3)
2.3 (0.8-7.1)

120 (99.2)
1 (0.8)

317 (97.8)
7 (2.2)

0.35

1.0 (reference)
0.4 (0.05-3.1)

121 (100)
0 (0)

323 (99.7)
1 (0.3)

0.54

1.0 (reference)
0.7 (0.7-0.8)

106 (87.6)
15 (12.4)

283 (87.3)
41 (12.7)

0.99

1.0 (reference)
1.0 (0.5-2.0)

98 (81.1)
23 (18.9)

285 (87.9)
39 (12.1)

0.11

1.0 (reference)
1.7 (0.9-3.2)

15 (12.8)
69 (57.4)
37 (29.8)

26 (8)
191 (59)
107 (33)

0.38

1.0 (reference)
0.6 (0.3-1.3)
0.6 (0.2-1.3)

20 (6.2)
304 (93.8)

0.04

2.2 (1.0-4.9)*
1.0 (reference)

15 (12.4)
106 (87.6)

c)

(95% CI)

Adjusted OR
(95% CI)d)

2.6 (0.8-8.0)
1.0 (reference)

OR, odds ratio; CI, confidence interval; SD, standard deviation; BMI, body mass index. *Statistically significant (p < 0.05).
a)
Number of participants (%), b)Obtained from t test for continuous variables and chi-squared test for categorical variables,
c)
Unadjusted OR (95% CI)—obtained from binary logistic regression, d)Multivariable adjusted OR (95% CI)—obtained from
multiple logistic regression.

into two groups: above or below the cut-off point [12]. The
independent effects of univariate risk factors for breast cancer were evaluated using conditional logistic regression.
Multivariate conditional logistic regression was used to derive adjusted risk estimates for factors significantly linked
with breast cancer upon univariate analysis [13]. A forward
sequential method was used to identify and remove confounders and non-significant variables from the model. Risk
estimates are presented as odds ratios (OR). This analytic
procedure was applied for all women, then stratified by
menopausal status. Due to the low number of participants
from other ethnicities (3%), we excluded eight control and
fourteen cases from the data analysis.
p-values were based on two-tailed tests, and a p < 0.05 was
considered to be significant. Data were analyzed using the
IBM SPSS statistical software package ver. 22 (IBM Corp.,
Armonk, NY).

Results
The distribution of cases and controls for all women, premenopausal and postmenopausal women are presented in
Tables 1-3. The average age was 49.2 for cancer cases and 48.8
for controls (p=0.37). Premenopausal cancer women had an
average age of 43.3 years old, while postmenopausal women
diagnosed with breast cancer had a mean age of 55.2 years
old. There were no significant differences in ages between
cases and controls in either premenopausal (p=0.72) or postmenopausal women (p=0.65).
1. All women
When compared with controls, a significantly increased
risk of breast cancer was observed for women with high
VOLUME 49 NUMBER 4 October 2017
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Table 3. Distribution of cases and controls of post-menopausal women
No. (%)a)
Factor
Age
Mean±SD (yr)
Breast density (%)
 75
> 75
Height (cm)
Mean±SD
< 155
 155
Weight (kg)
Mean±SD
 54
> 54
BMI
Mean±SD
< 23
 23
Age at first menstrual period (yr)
Mean±SD
< 14
 14
Age at menopause (yr)
Mean±SD
< 50
 50
Age at first birth (yr)
Mean±SD
< 23
23-29
 30
Age at last birth (yr)
Mean±SD
< 30
 30
No. of pregnancies
Mean±SD
<3
3
No. of babies born
Mean±SD
<2
2
No. of months of breast feeding
Mean±SD
< 15
 15
Hormone use
No
Yes
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Case
(n=148, 43.1%)

Control
(n=195, 56.9%)

p-valueb)

55.2±7.5

55.5±6.5

0.65

114 (76.9)
34 (23.1)

170 (87.1)
25 (12.9)

0.01

153.7±5.3
82 (55.5)
66 (44.5)

153.0±5.0
117 (60.1)
78 (39.9)

0.18
0.39

54.1±8.2
75 (50.3)
73 (49.7)

53.5±7.3
108 (55.4)
87 (44.6)

0.51
0.35

22.9±3.2
76 (51.7)
72 (48.3)

22.8±2.8
104 (53.2)
91 (46.8)

0.86
0.79

15.4±2.2
31 (21.4)
116 (78.6)

15.8±2.1
26 (13.2)
168 (86.8)

0.15
0.04

48.6±4.8
74 (50.3)
74 (49.7)

49.0±4.9
84 (43.3)
111 (56.7)

0.38
0.20

25.1±4.9
50 (34.9)
73 (51.6)
19 (13.5)

24.3±4.8
83 (43.5)
82 (42.9)
25 (13.6)

0.15
0.28

31.1±5.7
60 (42.9)
82 (57.1)

31.3±5.1
78 (41.3)
112 (58.7)

0.66
0.79

3.3±2.2
55 (38.8)
87 (61.2)

4.2±2.2
41 (21.6)
149 (78.4)

< 0.001
0.001

2.2±1.5
43 (30.1)
99 (69.9)

2.9±1.7
29 (15.5)
161 (84.5)

< 0.001
0.001

14.3 ±6.7
79 (55.6)
63 (44.4)

14.7±6.1
103 (54.1)
87 (45.9)

0.51
0.79

115 (78)
33 (22)

141 (71.9)
54 (28.1)

0.28

Unadjusted OR

Adjusted OR

(95% CI)c)

(95% CI)d)

1.0 (reference)
2.0 (1.2-3.6)*

1.0 (reference)
1.9 (1.0-3.4)*

1.0 (reference)
1.2 (0.8-1.9)

1.0 (reference)
1.2 (0.8-1.9)

1.0 (reference)
1.1 (0.7-1.6)

1.8 (1.0-3.2)*
1.0 (reference)

1.7 (0.9-3.1)
1.0 (reference)

1.3 (0.9 - 2.0)
1.0 (reference)

1.0 (reference)
1.5 (0.9-2.4)
1.2 (0.6-2.5)

1.0 (reference)
0.9 (0.6-1.5)

2.3 (1.4-3.7)*
1.0 (reference)

2.3 (1.4-3.7)*
1.0 (reference)

2.4 (1.4-4.0)*
1.0 (reference)

1.5 (0.8-2.9)
1.0 (reference)

1.1 (0.7-1.7)
1.0 (reference)
1.0 (reference)
0.7 (0.4-1.3)
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Table 3. Continued
No. (%)a)
Factor
Family history of breast cancer
No
1st degree
2nd degree
Smoking
No
Yes
Alcohol drinking
No
Yes
Soy drinking
< 1 Cup per day
 1 Cup per day
Coffee drinking
< 1 Cup per day
 1 Cup per day
Vegetable consumption (servings)
1
2-3
4
Physical activities
No (inactive)
Yes (insufficient and sufficient)

Unadjusted OR

Adjusted OR

(95% CI)c)

(95% CI)d)

Case
(n=148, 43.1%)

Control
(n=195, 56.9%)

p-valueb)

140 (94.6)
3 (2)
5 (3.4)

181 (92.8)
9 (4.6)
5 (2.6)

0.40

1.0 (reference)
0.4 (0.1-1.6)
1.3 (0.4-4.5)

145 (98)
3 (2)

192 (98.5)
3 (1.5)

0.73

1.0 (reference)
1.3 (0.3-6.7)

147 (99.3)
1 (0.7)

192 (98.5)
3 (1.5)

0.46

1.0 (reference)
0.4 (0.05-4.2)

121 (81.8)
27 (18.2)

166 (85)
29 (15)

0.52

1.0 (reference)
1.2 (0.6-2.3)

126 (84.6)
22 (15.4)

172 (88.2)
23 (11.8)

0.37

1.0 (reference)
1.4 (0.7-2.7)

17 (11.4)
75 (50.4)
56 (38.2)

18 (9.2)
122 (62.6)
55 (28.2)

0.14

1.0 (reference)
0.6 (0.3-1.4)
1.1 (0.5-2.5)

12 (8.3)
136 (91.7)

21 (10.6)
174 (89.4)

0.52

1.0 (reference)
0.8 (0.3-1.7)

OR, odds ratio; CI, confidence interval; SD, standard deviation; BMI, body mass index. *Statistically significant (p < 0.05).
a)
Number of participants (%), b)Obtained from t test for continuous variables and chi-squared test for categorical variables,
c)
Unadjusted OR (95% CI)—obtained from binary logistic regression, d)Multivariable adjusted OR (95% CI)—obtained from
multiple logistic regression.

breast density (> 75%) (OR, 1.7; p=0.04), younger than 14
years at the first menstrual period (OR, 2.2; p < 0.001), of
postmenopausal status (OR, 2.0; p < 0.001), having less than
3 pregnancies (OR, 2.1; p < 0.001), and having less than two
babies born (OR, 1.7; p=0.002). Conversely, age at first giving
birth, family history of breast cancer, and drinking coffee did
not show significant associations with breast cancer (p > 0.05)
although the odds ratio for women having cancer with age
at first giving birth 30 years old or later was 1.5, while that
for women having a second degree family member with
breast cancer was 1.8 and that of women who drink a cup of
coffee or more per day was 1.5 (Table 1).
The adjusted ORs from multivariable conditional logistic
regression with six variables (breast density, age at first
menarche, menopausal status, age at first giving birth, number of pregnancies, and number of babies born) are shown
in Table 1. The increased risk of breast cancer with high
breast density (OR, 1.5; p=0.02), early age at first menstrual

period (OR, 2.1; p=0.001), postmenopausal status (OR, 2.5;
p < 0.001), and low number of pregnancies (OR, 2.2; p <
0.001) remained significant when the model was adjusted for
other factors (Table 1).
2. Premenopausal and postmenopausal women
Premenopausal women had an increased risk of developing breast cancer with high breast density (OR, 1.6; p=0.04),
early age at first menarche (OR, 2.6; p=0.001), low number of
pregnancies (OR, 2.3; p < 0.001), using exogenous sex hormones (OR, 1.8; p=0.02), and no engagement in physical
activities (OR, 2.2; p=0.04) (Table 2). Similar to premenopausal women, breast density > 75% (OR, 2.0; p=0.01),
early age at first menarche (OR, 1.8; p=0.04), low number of
pregnancies (OR, 2.3; p=0.001), and low number of babies
born (OR, 2.4; p=0.001) were found to be related to breast
cancer among postmenopausal women (Table 3).
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Age at first menstrual period (OR, 2.3; p=0.01), number of
pregnancies (OR, 2.6; p < 0.001), and hormone use (OR, 2.3;
p=0.003) were significantly associated with breast cancer
among premenopausal women in the adjusted model, while
breast density (OR, 1.9; p=0.03) and number of pregnancies
(OR, 2.3; p=0.001) were consistently important risk factors
for postmenopausal women (Tables 2 and 3).

Discussion
To the best of our knowledge, this is the first study to
investigate a wide range of breast cancer risk factors in Vietnam. Similar to the results of previous studies conducted in
other countries, we found an increased risk of breast cancer
associated with high breast density, early age at first menarche, low number of pregnancies, few live births, postmenopausal status, hormone use, and lack of engagement in
physical activities, although there are differences in the distribution of risk factors when the analyses are stratified by
menopausal status. Additionally, while use of external hormones and no physical activities were associated with breast
cancer in premenopausal women, these associations were
not found in postmenopausal women whose cancer risks
were more influenced by high breast density and low number of pregnancies. Other risk factors reported in Westernized countries, such as BMI, family history of breast cancer,
age at first giving birth, and breastfeeding duration were not
significant in our study, which might be reflective of the different populations enrolled. Accurate identification of relevant risks helps to frame policies around the most effective
strategies to maximize the prevention of breast cancer.
Consistent with case-control studies in other populations,
an increased risk of developing breast cancer was observed
among women with a breast density > 75% (as reported
using BI-RADS scoring) compared to those with less dense
breast, although the risk in Vietnam (OR, 1.7) was found to
be lower than that reported for westernized countries (OR,
3-5) [14-16]. Moreover, high breast density was more frequent in Vietnamese women than low breast density
(BI-RADS 1%-8.3%, BI-RADS 2%-19.9%, BI-RADS 3%-43.2%,
BI-RADS 4%-28.6%). This could be explained by the fact that
Asian women’s breasts are known to be more dense than
those of westernized women [17]; therefore, there can be a
high degree of density even in non-cancer women when
compared with normalized figures from other countries, and
the difference between the number of cancer and normal
cases in high breast density groups might not be as substantial as in a Caucasian population. Another possible reason is
that the cases in this study were retrieved from both screen-
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ing and diagnostic populations in oncology hospitals, while
other studies have often obtained their data from mammographic screening services. Although we would have preferred to have worked with a screening system, the absence
of a nationally recognized screening service in Vietnam prevented this.
Most of our other results were also concordant with those
of previous observations of reproductive risk factors in westernized and Southeast/East Asian countries [18]. For example, women having their first menstrual period at earlier than
14 years of age were more likely to have breast cancer (OR,
1.7-2.6), while women being pregnant more than two times
or having more than one child had a 30%-50% lesser risk of
developing breast cancer (although it should be acknowledged that number of babies born was no longer found to be
a risk predictor when multivariate logistic regression was
used). We also found that women having their first child at
30 years old or older had an increased risk developing breast
cancer (OR, 1.5) compared with those who were 23 years old
or younger. Although this relationship was not significant
(p=0.08), it is relatively similar to a large cohort study in Denmark that showed that women who postpone their first child
to after 30 years of age had double the risk of developing
breast cancer compared with those who had their first child
before they were 20 years old [19]. A number of our findings
did not align with those of studies from other countries such
as family history of breast cancer or breast feeding duration,
neither of which were significantly related to breast cancer
in our study. However, the results of breast cancer family
history were consistent with those of a previous Hanoi-based
investigation [5].
With regard to diet, despite insignificant results (p > 0.05),
there was a relationship between breast cancer and consuming one or more cups of coffee per day (OR, 1.5), which is in
line with a prospective study in Singapore showing that
drinking two or more cups of coffee per day increased the
risk of being diagnosed with advanced breast cancer (OR,
2.3) [20]. Similarly, there was no significant relationship
between soy intake and breast cancer observed in the present
study, which may have been because of the low quantity of
soy milk uptake among Vietnamese women; specifically,
only 14% of subjects reported that they drank at least one cup
of soy milk per day. It seems that the benefit associated with
soy milk only occurs in Asian countries in which women
begin consuming soy products from early life and in greater
amounts [21]. Similar to soy, we did not find any connection
between vegetable intake and breast cancer, even though a
breast-cancer protective effect of vegetable consumption
through antioxidant and fiber content has been reported [22].
Our findings, while consistent with those of a previous U.S.
study [23], are at odds with the dose-dependent, decreasing
breast cancer trend found to be associated with large quan-

Phuong Dung (Yun) Trieu, Risk Factors of Female Breast Cancer in Vietnam

tities of vegetables in postmenopausal Singaporean and Chinese women [22].
Population studies have consistently shown that Western
lifestyle patterns such as smoking and drinking alcohol are
associated with increased risk of breast cancer; however, no
statistical significance was observed in our study. This could
be explained by the fact that less than 5% of women in both
the control and cancer groups had a history of smoking, and
less than 1% consumed alcohol. Whilst in agreement with
neighboring countries such as China [11] and Thailand [24],
this is in contrast to data from Australia and Japan [25,26].
In this study, a variation of the risk factors for premenopausal and postmenopausal breast cancer was recorded.
Having dense breast tissue was a predominant risk factor
among all participants, although it had a greater impact on
postmenopausal women than premenopausal women as
indicated by a higher OR (2.0 vs. 1.6), which was in line with
the results of a Korean study [27]. This could be explained
by the finding that young women with growing mammary
glands often have denser breasts than older women, which
make malignant nodules less likely to be detected on mammograms. While having fewer pregnancies was a common
risk in both premenopausal and postmenopausal participants, women within menstrual periods were reported to
have a higher risk of developing breast cancer (OR, 2.6) than
those whose periods had stopped (OR, 2.3). Hormone use
and inactivity were only associated with breast cancer in premenopausal women, which illustrate differences in lifestyle
between age groups in Vietnam. Premenopausal women
tend to have less pregnancies, use more hormone replacements, and participate less in physical activities than postmenopausal women, which makes the risk factors of breast
cancer in younger Vietnamese women more similar to those
observed in westernized countries [18] where no physical
activity is associated with a modest (15%-20%) increased risk

[28] and women who have a history of using hormone
replacement therapy or regular oral contraceptive pills have
an increased risk of breast cancer of 17%-35% [29].
It should be noted that the current study was an
exploratory study with several limitations. First, we collected
data in a specific period of time; therefore, this study did not
allow for changes in behavior over time to be incorporated.
Accordingly, a longitudinal study might be needed to confirm these findings. Second, because data were collected
through hospital-based systems, participants could not be
allocated to a screening or diagnostic route. The inability to
consider individually screened and symptomatic women
highlights the need for better population-based disease surveillance systems in Vietnam. Nonetheless, this study is the
first to investigate key demographic, reproductive and
lifestyle factors relating to breast cancer in Vietnam. The findings presented here were similar to and different from those
reported elsewhere. Overall, the results of this study will
facilitate development of breast cancer prevention strategies
specific for the 45 million women who live in Vietnam.
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Randomized Phase II Study of Afatinib Plus Simvastatin Versus
Afatinib Alone in Previously Treated Patients with
Advanced Nonadenocarcinomatous Non-small Cell Lung Cancer
Purpose
This phase II study examined whether the addition of simvastatin to afatinib provides a clinical benefit compared with afatinib monotherapy in previously treated patients with nonadenocarcinomatous non-small cell lung cancer (NA-NSCLC).
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Materials and Methods
Patients with advanced NA-NSCLC who progressed after one or two chemotherapy regimens
were randomly assigned to a simvastatin (40 mg/day) plus afatinib (40 mg/day) (AS) arm or
to an afatinib (A) arm. The primary endpoint was response rate (RR).

1
Center for Lung Cancer,
Research Institute and Hospital,
National Cancer Center, Goyang,
2
Department of Hematology-Oncology,
Chungbuk National University Hospital,
Cheongju, 3Biometric Research Branch,
Research Institute and Hospital, National
Cancer Center, Goyang, Korea

+ Correspondence:
+ + + + + + +Ji-Youn
+ + +Han,
+ + MD,
+ +PhD
+++++
+ Center
+ + +for+ Lung
+ + +Cancer,
+ + +Research
+ + + Institute
+ + + +and
++
+ Hospital,
+ + + +National
+ + + Cancer
+ + + Center,
+ + + 323
+ +Ilsan-ro,
++++
+ + + + + + +Goyang
+ + + + + +Korea
+++++++
+ Ilsandong-gu,
+ + + + + + + + +10408,
++++++++++
+ Tel:
+ +82-31-920-1154
+++++++++++++++++
+ Fax:
+ +82-31-920-2587
+++++++++++++++++
+ E-mail:
+ + + jymama@ncc.re.kr
++++++++++++++++
++++++++++++++++++++
+ Received
+ + + +November
+ + + + 18,
+ +2016
+++++++++
+ Accepted
+ + + + December
+ + + + 30,
+ +2016
+++++++++
+ Published
+ + + + Online
+ + + January
+ + + +13,+2017
+++++++
++++++++++++++++++++

Results
Sixty-eight patients were enrolled (36 in the AS arm and 32 in the A arm). The RR was 5.7%
(95% confidence interval [CI], 0.7 to 19.2) for AS and 9.4% (95% CI, 2.0 to 25.0) for A
(p=0.440). In arms AS and A, the median progression-free survival (PFS) was 1.0 versus
3.6 months (p=0.240) and the overall survival was 10.0 months versus 7.0 months
(p=0.930), respectively. Skin rash, stomatitis, and diarrhea were the most common adverse
events in both arms. More grade 3 or 4 diarrhea was observed in arm A (18.8% vs. 5.6% in
arm AS). In all patients, the median PFS for treatment including afatinib was not correlated
with the status of epidermal growth factor receptor (EGFR) mutation (p=0.122), EGFR fluorescence in situ hybridization (p=0.944), or EGFR immunohistochemistry (p=0.976). However, skin rash severity was significantly related to the risk of progression for afatinib (hazard
ratio for skin rash grade  2 vs. grade < 2, 0.44; 95% CI, 0.25 to 0.78; p=0.005).
Conclusion
There were no significant differences in the efficacy between AS and A arms in patients with
NA-NSCLC.

Introduction
The molecularly-targeted drugs that inhibit epidermal
growth factor receptor (EGFR), gefitinib and erlotinib, were
initially expected to treat the vast majority of non-small cell
lung cancer (NSCLC) because overexpression of EGFR protein is frequently detected in this type of tumor [1]. However,
many preclinical and clinical studies have demonstrated that
these drugs are only effective in a specific subset of NSCLC,
│ http://www.e-crt.org │
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in which the mutations are carried on the kinase domain of
the EGFR gene [2,3]. Thus, EGFR tyrosine kinase inhibitors
(TKI) are a first-line therapy in patients with advanced
NSCLC with EGFR mutations based on several randomized
phase III studies showing a significantly improved response
rate (RR) of about 70% and median progression-free survival
(PFS) of about 10 months [4-8]. However, only 10% of
NSCLC patients in the United States and 35% in East Asia
have tumors with EGFR mutations [2,3]. Patients with wild
type (WT) EGFR, who constitute a larger proportion of
Copyright ⓒ 2017 by the Korean Cancer Association
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NSCLC patients, derive limited clinical benefits from EGFRTKIs. In a meta-analysis study analyzing 11 randomized controlled studies, including 1,605 patients with advanced WT
EGFR NSCLC, first-generation EGFR-TKIs showed a significantly lower RR of 7.2% and a higher risk of progression of
1.41 when compared with conventional chemotherapy in
patients with WT EGFR NSCLC [9]. Although one EGFRTKI, erlotinib, was approved in patients with WT EGFR
NSCLC, the survival benefit was modest in the BR.21 trial
comparing this drug with a placebo in an unselected pretreated NSCLC population. Specifically, the improvement in
median PFS was 0.4 months and the improvement in median
overall survival (OS) was 2.0 months [10]. Thus, there are
major unmet needs in using EGFR-TKIs to treat patients with
advanced NSCLC with WT EGFR.
We previously conducted a randomized phase II clinical
study to improve gefitinib efficacy by adding simvastatin in
unselected advanced NSCLC patients [11]. One of the main
reasons for primary resistance to EGFR-TKIs is that there are
alternative mechanisms for persistent activation of EGFR
downstream signaling, including both the RAS/ERK and
phosphoinositide 3-kinase (PI3K)/Akt kinase pathways [12].
Thus, we hypothesized that simultaneous inhibition of both
pathways would inhibit tumor cell survival more effectively
in tumors resistant to EGFR-TKIs. One candidate drug combination is EGFR-TKIs and statins, which are irreversible
inhibitors of 3-hydroxy-3-methylglutaryl-coenzyme A reductase that are used to treat hypercholesterolemia by blocking
the mevalonate biosynthesis pathway [13]. Isoprenoids,
which are products of the mevalonate pathway, are attached
to RAS proteins to allow them to anchor in the cell membrane, where they perform biological roles [14,15]. By interrupting the biosynthesis of mevalonate, statins may inhibit
activation of RAS and downstream signaling cascades,
including the RAF/MEK/ERK and PI3K/AKT cascades,
which play critical roles in regulating cell survival and proliferation. Thus, this may be a promising therapeutic
approach to overcoming tumor resistance to EGFR-TKIs. In
our previous study, the combination of gefitinib and simvastatin showed higher RR (39% vs. 8%, p=0.06) than gefitinib
alone in the subgroup of nonadenocarcinomatous (NA)NSCLC, which is unlikely to have EGFR mutations. This
finding suggests that simvastatin may enhance sensitivity to
gefitinib in NA-NSCLC that is resistant to gefitinib. Moreover, several preclinical studies demonstrated that combined
gefitinib and lovastatin exerted significant synergic cytotoxic
effects in vitro in squamous cell carcinomas, NSCLC, and
colon carcinoma cell lines that do not possess the activating
EGFR mutations [16,17].
Simvastatin is metabolized in liver cells by CYP3A4, and
its concurrent use with other substrates of this enzyme is contraindicated because of increased toxicity [18]. Thus, the com-
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bination of simvastatin and gefitinib or erlotinib would not
be suitable for a clinical study because they are also CYP3A4
substrates [19]. However, afatinib, a second-generation irreversible EGFR-TKI that is not a CYP3A4 substrate, was identified as a good candidate for combination with simvastatin.
Therefore, we conducted a randomized phase II study to
compare the efficacy of afatinib and simvastatin (AS) with
afatinib alone (A) in previously treated patients with
NA-NSCLC.

Materials and Methods
1. Patients
Eligible patients were  18 years old with pathologically
confirmed stage IIIB/IV NA-NSCLC (e.g., squamous cell or
large cell carcinoma) that progressed after first- or secondline cytotoxic chemotherapy regimens, including at least one
platinum-containing regimen. Patients with an Eastern
Cooperative Oncology Group (ECOG) performance status
(PS) of 0, 1, and 2 and adequate organ function were eligible.
Patients had a measurable lesion according to the Response
Evaluation Criteria in Solid Tumors (RECIST) ver. 1.1 [20].
Patients receiving prior treatment with small molecules or
antibodies that inhibit EGFR (e.g., gefitinib, erlotinib, and
cetuximab) were excluded.
All patients provided written informed consent, and this
study was approved by the Institutional Review Board. The
study was conducted in accordance with the Declaration of
Helsinki and the International Conference on Harmonization/Good Clinical Practice. This study is registered with
ClinicalTrials.gov under identifier NCT01156545.
2. Study design and treatment
This was a multicenter, open, randomized, phase II study
to evaluate the synergistic effects of afatinib plus simvastatin
in pretreated NA-NSCLC patients. The stratification factors
for randomization were ECOG PS (0 vs. 1 or 2).
After allocation to the treatment arms, patients received
continuous daily treatment with either afatinib plus simvastatin or afatinib plus the best supportive care until disease
progression, unacceptable adverse events, or another reason
necessitating withdrawal. The treatments were administered
as 28-day courses. The starting doses of AS were 40 mg once
daily. Dose escalation of afatinib to 50 mg was permitted for
individual patients after one cycle if there were minimal
adverse events at 40 mg. When drug-related adverse events
occurred, the afatinib dose was reduced in increments of
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10 mg, with the lowest dose being 20 mg. There was no dose
reduction for simvastatin.
3. Tumor assessment
The tumor response was assessed after 4, 8, 16, and 24
weeks and every 8 weeks thereafter until progression or
withdrawal for another reason. After week 48, the response
was assessed every 12 weeks. Tumor response and progression were assessed using RECIST ver. 1.1 [20].

mon Terminology Criteria for Adverse Events ver. 4.0. PFS
was calculated as the duration from the date of randomization to the date of disease progression or death, whichever
occurred first. OS was calculated as the duration from the
date of randomization to the date of death. Survival time was
estimated using the Kaplan-Meier method, and the survival
difference between groups was assessed using the log-rank
test. p-values were one-sided. A p < 0.025 was considered to
be significant.
5. Exploratory biomarker study

4. Statistical analyses
The primary endpoint was the objective response, as
determined according to RECIST ver. 1.1 [20]. The objective
response rate (ORR) was calculated as the ratio of the number of responders to the number of patients assessed for
tumor response. Responders were defined as patients showing complete response (CR) or partial response (PR). We
expected that afatinib plus simvastatin would increase ORR
by 35% from 10% for afatinib alone based on the results of
Han et al. [11]. Including 62 patients (31 in each arm) would
give statistical power of 80% by Fisher exact test (one-sided,
=0.15). Considering a 10% attrition rate, we planned to
recruit a total of 68 patients (34 in each arm).
The secondary endpoints were PFS, OS, and adverse
events. Adverse events were graded according to the Com-

Archival tumor tissues were collected before treatment in
all patients. We checked the EGFR status by three methods:
mutation status by direct sequencing, gene copy number by
fluorescence in situ hybridization (FISH), and protein expression by immunohistochemistry (IHC) staining.
Nucleotide sequencing of the kinase domain of the EGFR
gene (exons 19, 20, and 21) was performed by direct sequencing of the individual exons. The details describing the
sequencing procedure have been described elsewhere [21].
The EGFR gene copy number was calculated with the FISH
test using the LSI EGFR SpectrumOrange/CEP 7 SpectrumGreen Probe (Vysis, Abbott Molecular, Des Plaines, IL)
according to the standard protocol [22]. Tumors were considered to have an increased copy number (FISH-positive) if
they showed gene amplification or chromosome 7 high

Screened
(n=83)
Screening failure
(n=15)
Randomly assigned
(n=68)

Afatinib+Simvastatin
(n=36)

Afatinib
(n=32)

Response evaluation
(n=35)

Response evaluation
(n=32)

Death (n=25)
Alive (n=10)
Ongoing (n=1)

Death (n=25)
Alive (n=7)
Ongoing (n=2)

Consent withdrawn
(n=1)

Fig. 1. CONSORT diagram.
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Table 1. Patient characteristics
Characteristic
Age, median (range, yr)
Sex
Male
Female
Smoking
Never
Ever
Unknown
Pathology
Squamous cell carcinoma
Other
ECOG PS
0-1
2
No. of prior chemotherapies
1
2
EGFR mutation
Wild type
Mutant typea)
Unknown
EGFR FISH
Negative
Positive
Unknown
EGFR IHC
Negative
Positive
Unknown

Afatinib+Simvastatin

Afatinib

p-value

59 (44-80)

67 (44-78)

0.008

32 (88.9)
4 (11.1)

27 (84.4)
5 (15.6)

0.725

4 (11.1)
31 (86.1)
1 (2.8)

1 (3.1)
30 (93.8)
1 (3.1)

0.460

33 (91.7)
3 (8.3)

31 (96.9)
1 (3.1)

0.616

27 (75.0)
9 (25.0)

24 (75.0)
8 (25.0)

0.854

21 (58.3)
15 (41.7)

19 (59.4)
13 (40.6)

1.000

32 (88.8)
2 (5.6)
2 (5.6)

28 (87.6)
2 (6.2)
2 (6.2)

1.000

30 (83.4)
3 (8.3)
3 (8.3)

26 (81.3)
2 (6.2)
4 (12.5)

1.000

14 (38.9)
17 (47.2)
5 (13.9)

10 (31.3)
15 (46.9)
7 (21.9)

0.698

ECOG, Eastern Cooperative Oncology Group; PS, performance status; EGFR, epidermal growth factor receptor; FISH, fluorescence in situ hybridization; IHC, immunohistochemistry. a)Uncommon EGFR mutations were included.

Table 2. Overall response rate
Response
Complete response
Partial response
Stable disease
Disease progression
Not evaluable
Overall response rate (complete response+partial response) (%)
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Afatinib+Simvastatin

Afatinib

p-value

0
2
14
19
1
5.7

1
2
21
8
0
9.4

0.430

Youngjoo Lee, Afatinib Plus Simvastatin in WT EGFR Lung Cancer

polysomy based on previously described criteria [22]. The
intensity of EGFR IHC staining (Zymed, Thermo Fisher Scientific, Fremont, CA) was scored as follows: 0, no membrane
staining; 1+, faint, partial membrane staining; 2+, weak, complete membrane staining in > 10% of tumor cells; 3+, intense
complete membrane staining in > 10% of tumor cells. Those
with a score of 2+ or 3+ were classified as IHC-positive.

Results
1. Patient characteristics
Between November 2012 and September 2015, 83 patients
from two centers in Korea were screened and 68 patients
were enrolled (Fig. 1). Thirty-six patients were allocated to
the AS arm and 32 to the A arm. After stating the allocated
treatment, six patients discontinued the study due to toxicity
(n=1) or patient refusal (n=5) (one in the AS arm and five in
the A arm). Patient characteristics are listed in Table 1. Most
patients were male (87%), ever-smokers (92%), had squamous cell carcinoma histology (94%), and good ECOG 0-1
performance (75%). Other histological subtypes included sarcomatoid carcinoma (n=1) and NSCLC-not otherwise speci-

Sixty-seven patients were assessed for response evaluation. One patient showed a CR and four patients showed a
PR. The ORR was 5.7% (95% confidence interval [CI], 0.7 to
18.7) for the AS arm and 9.4% (95% CI, 2.0 to 25.0) for the A
arm (p=0.430) (Table 2).
The median follow-up time for all patients was 22.3
months. A total of 50 deaths (73.5%) occurred during data
analysis. There was no difference in median PFS between the
AS group (1.0 month [95% CI, 0.5 to 1.4]) and the A group
(3.6 months [95% CI, 3.0 to 4.1]) (p=0.240) (Fig. 2A). The hazard ratio (HR) for progression was 1.38 (95% CI, 0.84 to 2.29;
p=0.898). The median OS was 10.0 months (95% CI, 6.4 to
13.8) for the AS arm and 7.0 months (95% CI, 6.1 to 7.9) for
the A arm (p=0.930) (Fig. 2B). The HR for death was 1.03
(95% CI, 0.58 to 1.80; p=0.466). Subsequent chemotherapy
after progression was given to 27 of the 35 patients (77.1%)
in the AS arm and 18 of the 28 patients (64.3%) in the A arm
(p=0.262).

Log-rank test
p=0.240

0.4
0.2

Afatinib+SIM
Afatinib

Log-rank test
p=0.930

0.8
Probability of OS

0.6

B

1.0

Afatinib+SIM
Afatinib

0.8
Probability of PFS

2. Efficacy

A

1.0

0

fied (n=3). Demographic baseline characteristics, except age,
were generally balanced between the two groups.

0.6
0.4
0.2

0

3

6

9

Arm
Afatinib+SIM (n=36)
Afatinib (n=32)

12 15
Time (mo)

18

21

24

Event

Median PFS (mo)

33
25

1.0
3.6

0

0

6

12

Arm
Afatinib+SIM (n=36)
Afatinib (n=32)

18
24
Time (mo)

30

36

Event

Median OS (mo)

25
25

10.0
7.0

Fig. 2. Survival outcomes by treatment arm. (A) Progression-free survival (PFS). (B) Overall survival (OS). SIM, simvastatin.
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Table 3. Adverse effects
Afatinib+Simvastatin

Adverse effect
AST/ALT increased
Creatinine increased
QT prolonged
Fatigue
Anorexia
Weight loss
Diarrhea
Stomatitis
Dry skin
Pruritus
Skin rash
Paronychia
Hand-foot syndrome
Esophageal ulcer
Idiopathic bilateral vocal cord palsy

 Grade 3

Total grade

1 (2.8)
0(
0(
0(
1 (2.8)
0(
2 (5.6)
0(
0(
0(
1 (2.8)
0(
0(
1 (2.8)
0(

4 (11.1)
4 (11.1)
6 (16.7)
10 (27.8)
11 (30.6)
2 (5.6)
23 (63.9)
24 (66.7)
7 (19.4)
15 (41.7)
28 (77.8)
4 (11.1)
5 (13.9)
1 (2.8)
0(

Afatinib
 Grade 3
0(
1 (3.1)
1 (3.1)
1 (3.1)
0(
0(
6 (18.8)
2 (6.3)
0(
0(
1 (3.1)
0(
0(
0(
1 (3.1)

Total grade
1 (3.1)
7 (21.9)
4 (12.5)
11 (34.4)
14 (43.8)
6 (18.8)
27 (84.4)
25 (78.1)
6 (18.8)
11 (34.4)
25 (78.1)
4 (12.5)
5 (15.6)
0(
1 (3.1)

AST, aspartate aminotransferase; ALT, alanine transaminase.

Table 4. EGFR biomarker and treatment efficacy
EGFR biomarker

No.

Pathology
SCC

Smoking
never

EGFR wild type
EGFR mutation type
Exon 19 deletion
Exon 20 G810S
Exon 20 V786M
Exon 21 G863S
EGFR/FISH negativity
EGFR/FISH positivity
High polysomy
High polysomy
Gene amplification
Botha)
Botha)
EGFR/IHC negativity
EGFR/IHC positivity
2+
3+

60
4
1
1
1
1
56
5
1
1
1
1
1
24
32
16
16

56 (93)
4 (100)
SCC
SCC
SCC
SCC
54 (96)
4 (80)
SCC
SCC
NSCLC-NOS
SCC
SCC
21 (88)
32 (100)
16 (100)
16 (100)

4 (7)
0
Ex-smoker
Ex-smoker
Ex-smoker
Ex-smoker
3 (5)
1 (20)
Current smoker
Ex-smoker
Never smoker
Current smoker
Ex-smoker
4 (17)
1 (3)
0(
1 (6)

Response
CR+PR

PFS
(mo)

3 (5)
2 (50)
CR
PR
PD
SD
3 (5)
2 (40)
PR
SD
PR
PD
PD
1 (4)
4 (12.5)
1 (6)
3 (19)

1.9
2.9
23.2
2.9
1.0
5.2
1.9
3.6
5.4
4.0
3.6
1.0
0.9
3.6
1.9
1.0
1.9

Values are presented as number (%). EGFR, epidermal growth factor receptor; SCC, squamous cell carcinoma; CR, complete
response; PR, partial response; PFS, progression-free survival; FISH, fluorescence in situ hybridization; IHC, immunohistochemistry. a)Highpolysomy and gene amplification.

1006

CANCER RESEARCH AND TREATMENT

Youngjoo Lee, Afatinib Plus Simvastatin in WT EGFR Lung Cancer

3. Safety
No patient in either arm received an escalated dose of afatinib of 50 mg/day. The dose of afatinib was reduced to 30
mg/day in 14 patients (20.6%) (six in the AS arm and eight
in the A arm), whereas the dose was reduced to 20 mg/day
in one patient in the AS arm. The main reasons for the dose
reduction were stomatitis and skin rash. Five patients (7.4%)
stopped treatment because of adverse events (two in the AS
arm and three in the A arm). The mean relative dose intensities of the AS and A arms were 95.9% and 94.4%, respectively
(p=0.667). The safety profiles of both treatment arms were
similar (Table 3). There were no treatment-related mortalities
in either arm. Common adverse events included skin rash
(77.8% in the AS arm vs. 78.1% in the A arm), diarrhea (63.9%
vs. 84.4%), and stomatitis (66.7% vs. 78.1%). Interestingly,
more patients experienced grade 3 or 4 diarrhea in the A arm
(5.6% vs. 18.8%). Close relationships between common
adverse effects were observed. Patients experiencing grade
 2 skin rash had a higher incidence of grade  2 stomatitis
or diarrhea than those with grade < 2 skin rash (grade  2
stomatitis, 56.0% vs. 27.9%, p=0.022; grade  2 diarrhea,
48.0% vs. 27.9%, p=0.095). Additionally, there was a significant association between grade  2 stomatitis and grade  2
diarrhea (p=0.046).
4. EGFR status and clinical outcome
Among a total of 68 patients, the tumors of 64 patients
were available for EGFR mutation analysis, 61 for the FISH
test, and 56 for IHC staining analysis. EGFR mutations were
detected in four of 64 cases (6.3%) (one exon 19 deletion, one
exon 20 G810S, one exon 20 V786M, and one exon 21 G863S)
(Table 4). Of the 61 tumors suitable for EGFR/FISH analysis,
five (8.2%) were FISH-positive (two high polysomy, one gene
amplification, and two both). Upon EGFR IHC analysis, positive expression was shown in 32 patients (57%) (16 for 2+
and 16 for 3+). There was no difference in the rate of EGFR
mutation (5.6% vs. 6.2%), FISH-positivity (8.3% vs. 6.2%), or
IHC-positivity (47.2% vs. 46.9%) between arms. In addition,
the rate of these biomarkers did not differ with age, sex,
ECOG PS, pathology (squamous cell carcinoma vs. others),
or smoking status. There was no overlap between EGFR
mutation and FISH positivity.
Upon analysis of all patients, EGFR mutation and EGFR/
FISH status were significantly associated with the response
to treatment, including afatinib, whereas EGFR IHC status
was not. The EGFR-mutant patients showed higher ORR
than the EGFR wild-type patients (50.0% vs. 5.0%, respectively; p=0.028) (Table 4). In addition, the EGFR/FISH-positive patients showed higher ORR than the EGFR/FISHnegative patients (40.0% vs. 5.4%, respectively; p=0.049).

Thus, the EGFR-mutant or EGFR/FISH-positive patients
(n=9) showed significantly higher ORR than those with
tumors harboring both WT EGFR and EGFR/FISH-negativity (n=52) (44.4% vs. 1.9%, respectively; p=0.001). However,
the EGFR mutation and EGFR/FISH status were not correlated with median PFS for treatment. The median PFS was
2.9 months (95% CI, 0.1 to 6.2) in the EGFR-mutant patients
vs. 1.9 months (95% CI, 0.9 to 2.9) in the WT EGFR patients
(HR, 0.42; 95% CI, 0.13 to 1.36; p=0.122), and 3.6 months (95%
CI, 0.1 to 9.2) in the EGFR/FISH-positive patients versus 1.9
months (95% CI, 0.9 to 2.9) in the EGFR/FISH-negative
patients (HR, 0.97; 95% CI, 0.38 to 2.45; p=0.944). The EGFR
IHC status was not related to median PFS (IHC-positive vs.
IHC-negative; 1.9 months vs. 3.6 months; p=0.976).
When the analysis was limited to 60 patients with tumors
harboring WT EGFR, the ORR was 6.3% for the AS arm versus 3.6% for the A arm (p=1.000), median PFS was 1.0 versus
3.6 months (p=0.218), and median OS was 10.0 months versus 6.8 months (p=0.815). In the subgroup with EGFR-mutant
tumors (n=4), the ORR of the AS versus A arm was 0.0% versus 100.0% (p=0.333), the median PFS was 1.9 months versus
2.9 months (p=0.433), and the median OS was 6.7 months
versus 7.1 months (p=0.815). In terms of EGFR FISH status,
the negative subgroup (n=56) had an ORR of 3.3% versus
7.7% (AS vs. A, p=0.592), a median PFS of 1.0 versus 3.6
months (p=0.209), and a median OS of 10.0 months versus
7.1 months (p=0.318), whereas the positive subgroup (n=5)
had an ORR of 33.3% vs. 50.0% (AS vs. A, p=1.000), a median
PFS of 4.0 vs. 0.9 months (p=0.207), and a median OS of 6.0
months versus 4.9 months (p=0.586). The subgroup analysis
with EGFR-IHC negative tumors (n=4) had an ORR of 0.0%
vs. 10.0% (AS vs. A, p=0.417), a median PFS of 1.0 months
versus 3.6 months (p=0.789), and a median OS of 11.0 months
versus 7.0 months (p=0.918), whereas the positive subgroup
analysis had an ORR of 11.8% versus 13.3% (AS vs. A,
p=1.000), a median PFS of 1.0 versus 1.9 months (p=0.122),
and a median OS of 7.1 months versus 13.3 months (p=0.329).
5. Adverse effects as a predictive marker
For all patients receiving afatinib, the adverse effects skin
rash, stomatitis, and diarrhea were not significantly associated with the ORR, regardless of whether the patients
received simvastatin. However, for the 16-week PFS rate, the
grade of skin rash and stomatitis was significantly related to
the efficacy of afatinib (Fig. 3). Patients who experienced
grade  2 skin rash or stomatitis showed a significantly
higher 16-week PFS rate than those with skin rash or stomatitis of grade < 2 (skin rash, 48.0% vs. 14.0%, p=0.002; stomatitis, 46.2% vs. 14.3%, p=0.004). These results remained
unchanged in the landmark analysis at 4 weeks (skin rash,
57.1% vs. 20.0%, p=0.006; stomatitis, 54.5% vs. 20.7%,
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Fig. 3. Sixteen-week progression-free survival (PFS) rate by treatment arm, adverse effects, and epidermal growth factor
receptor (EGFR) biomarkers. AS, simvastatin plus afatinib; A, afatinib; WT, wild type; MT, mutant; FISH, fluorescence in
situ hybridization; IHC, immunohistochemistry.

Table 5. Progression-free survival analysis
Variable
Age ( 65 yr vs. > 65 yr)
Sex (female vs. male)
ECOG PS (0, 1 vs. 2)
Never vs. ever smoker
Previous chemotherapy (1 vs. 2)
EGFR (mutated vs. wild type)
EGFR/FISH+ vs. FISH–
EGFR IHC+ vs. IHC–
Skin rash grade ( 2 vs. < 2)
Stomatitis grade ( 2 vs. < 2)
Diarrhea grade ( 2 vs. < 2)

Univariate

Multivariate
a)

HR (95% CI)

p-value

1.03 (0.61-1.70)
0.77 (0.38-1.57)
0.60 (0.34-1.05)
1.81 (0.71-4.60)
0.98 (0.59-1.63)
0.42 (0.13-1.36)
1.03 (0.41-2.61)
0.99 (0.56-1.75)
0.44 (0.25-0.78)
0.65 (0.39-1.10)
0.98 (0.59-1.63)

0.926
0.470
0.072
0.212
0.945
0.147
0.946
0.977
0.005
0.107
0.946

HR (95% CI)

p-valuea)

0.64 (0.36-1.16)

0.140

0.55 (0.30-0.99)

0.049

HR, hazard ratio; CI, confidential interval; ECOG, Eastern Cooperative Group; PS, performance status; FISH, fluorescence in
situ hybridization; IHC, immunohistochemistry. a)Tested with the Cox proportional hazards model.

p=0.012). Upon multivariate analysis of PFS, only the skin
rash grade was significantly related to the risk of progression
(HR for skin rash grade  2 vs. grade < 2, 0.44; 95% CI, 0.25
to 0.78; p=0.005) (Table 5). When analysis was limited to rashevaluable patients who continued treatment until at least 4
weeks, the difference in the progression of risk between
groups remained unchanged (HR for skin rash grade  2 vs.
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grade < 2, 0.42; 95% CI, 0.22 to 0.81; p=0.010).
The dose reduction of afatinib was not significantly related
to the ORR (yes vs. no, 14.3% vs. 5.6%, p=0.575). The risk of
progression was the same in patients taking a reduced dose
(HR for yes vs. no, 1.01; 95% CI, 0.54 to 1.89; p=0.967).
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Discussion
To the best of our knowledge, this is the first clinical study
to evaluate the emerging role of statins in overcoming resistance to EGFR-TKIs in patients with NA-NSCLC, which is
usually resistant to EGFR-TKI therapy. The positive findings
observed in the subgroup analysis of a previous clinical
study were not confirmed in the present study [13]. The combination of AS in patients with NA-NSCLC did not improve
the tumor response or survival outcomes compared with afatinib alone, although it did not increase the toxicities. These
results were consistent with those observed for patients with
tumors harboring WT EGFR.
Afatinib was recently approved for pretreated advanced
NSCLC based on its superior efficacy compared with
erlotinib in the LUX-Lung 8 trial [23]. The LUX-Lung 8 was
a phase III randomized controlled trial that enrolled 795 pretreated patients with advanced squamous NSCLC globally
to receive either erlotinib or afatinib, with a primary endpoint of PFS. The median PFS was significantly longer for
afatinib than for erlotinib, (2.4 months vs. 1.9 months; HR,
0.82; p=0.0427), as was the median OS (7.9 months vs. 6.8
months; HR, 0.81; p=0.0077). Although this global trial was
the most recent positive study of patients with squamous cell
lung carcinoma, the clinical benefits of the superior arm were
also modest. Thus, the role of predictive markers in selecting
patients who are likely to benefit more from EGFR-TKIs is
more important in this lung cancer population. Our study
searched for predictive markers for afatinib treatment in the
entire study population with NA-NSCLC. There were no biomarkers related to the EGFR pathway that were predictive
of RR and PFS for afatinib treatment. The EGFR mutation
and EGFR/FISH status were significantly associated with
RR, but not median PFS, whereas EGFR IHC status was not
related to either RR or PFS. Interestingly, the most common
adverse event for afatinib, skin rash, was significantly associated with risk of progression in this study. This finding was
consistent with the landmark analysis at 4 weeks, which was
measured because skin rash generally develops after 1 week
and reaches maximum severity after 2 to 3 weeks of EGFRTKI treatment. Although several retrospective studies suggested that rash severity was associated with response or
survival to EGFR-TKI treatment in NSCLC patients, a prospective study to evaluate the severity of skin rash as a surrogate marker for EGFR-TKI efficacy is needed [24-26].
Indeed, such a study will help guide EGFR-TKI treatment in
NSCLC with WT EGFR, which lacks reliable predictive
markers for EGFR-TKI efficacy.
The type, incidence, and severity of adverse effects in this
study were comparable with those observed in another study
with afatinib [23]. In the present study, grade  3 skin rash,

stomatitis, and diarrhea developed in 2.9%, 2.9%, and 11.8%
of patients, respectively, whereas they developed in 6.0%,
4.0%, and 10% of patients in a LUX-Lung 8 study [24]. In the
present study, 26.6% of all patients reduced their afatinib
dose, although the dose reduction did not affect the efficacy.
Patients who reduced their afatinib dose to 30 mg/day did
not show inferior clinical outcomes compared with those
who did not. These findings suggest that the afatinib dose
can be adjusted in patients experiencing potentially challenging side effects.
Interestingly, one patient showed a CR to afatinib for a
long duration, even though he had squamous cell carcinoma
NSCLC. The histological type was squamous cell carcinoma
in both surgical specimens of the primary tumor and right
adrenal gland metastasis. An EGFR exon 19 deletion mutation was detected in his resected lung tumor sample. Currently, the role of the EGFR mutation test in lung squamous
cell carcinoma remains controversial; thus, the guidelines for
this test are not consistent among oncology societies.
Although activating mutations are rare in lung squamous
cell carcinoma (< 5%), the treatment outcome with EGFR-TKI
in squamous cell carcinoma with the EGFR mutation is not
inferior to that in adenocarcinoma with the EGFR mutation,
as shown in the CR case in our study [25,27]. Thus, for personalized medicine with comprehensive genomic analysis,
an EGFR mutation test also should be included to select the
correct drugs for patients with lung squamous cell carcinoma.
There are several issues to consider in interpreting the negative results of this study. First, the median PFS of the A arm
in the present study was longer than that of the afatinib arm
in the LUX-Lung 8 trial (3.6 months vs. 2.4 months). Five
patients (15.6%) in the A arm withdrew from our study early;
thus, the results may have been affected by this considerable
number of censored events. In contrast, the median PFS of
the AS arm in the present study was shorter than that of the
afatinib arm in the LUX-8 trial (1.0 months vs. 2.4 months).
This finding may be due to earlier assessment of the first
tumor (4 weeks in this study vs. 8 weeks in the LUX-8 trial).
Secondly, the dose of simvastatin used in this clinical study
may have been too low to exert an anticancer effect when
compared with the statin dose in preclinical studies. Despite
the in vitro mechanistic rationale of statin studies, they have
often been criticized for using high concentrations of statins
(1-200 µM) because the maximum statin concentrations in the
serum of patients receiving standard doses for hyperlipidemia therapy are 10-200 nM [28,29]. Whether the statins at
higher doses confer therapeutic benefits to cancer patients
has yet to be determined. Additionally, the resistance mechanism for EGFR-TKI of NA-NSCLC may be more complicated than RAS activation and downstream signaling
cascades, which are expected to be inhibited by statins. In
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another phase II study of patients with KRAS mutant refractory colorectal tumors, adding simvastatin to cetuximab and
irinotecan produced highly favorable clinical outcomes with
a disease control rate of 65.4%, a PFS of 7.6 months, and an
OS of 12.8 months [30]. Thus, the combination of statins and
EGFR-blocking agents may be effective in specific tumor
types that are dependent on RAS and its downstream pathways.
The addition of simvastatin to afatinib did not improve
efficacy versus afatinib alone in pretreated patients with NANSCLC. However, no unexpected adverse events were
observed in response to treatment with combined AS. EGFR
mutation, EGFR FISH, and EGFR IHS status were not reliable

as predictive markers for afatinib efficacy. However, skin
rash severity may be useful for making treatment decisions
regarding afatinib in this population.
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Identification of a Novel BRCA1 Pathogenic Mutation in
Korean Patients Following Reclassification of BRCA1 and BRCA2
Variants According to the ACMG Standards and
Guidelines Using Relevant Ethnic Controls
Purpose
Comparison of variant frequencies in the general population has become an essential part
of the American College of Medical Genetics and Genomics (ACMG) standards and guidelines for interpreting sequence variants. We determined the optimal number of relevant
ethnic controls that should be used to accurately calculate the odds ratio (OR) of genetic
variants.
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Materials and Methods
Using the ACMG guidelines, we reclassified BRCA1 and BRCA2 mutations and variants of
unknown significance in 745 Korean patients susceptible to hereditary breast and ovarian
cancer compared with 1,314 Korean population controls.
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Results
We observed that the ORs were falsely inflated when we analyzed several variants using
non-Korean population data. Our simulation indicated that the number of controls needed
for the lower limit of a 95% confidence interval to exceed 1.0 varied according to the frequency of the variant in each patient group, with more than 820 controls needed for a variant existing in 1% of cases. Using a sufficient number of relevant population data, we could
efficiently classify variants and identified the BRCA1 p.Leu1780Pro mutation as a possible
pathogenic founder mutation in Korean patients.
Conclusion
Our study suggests that BRCA1 p.Leu1780Pro is a novel pathogenic mutation found in
Korean patients. We also determined the optimal number of relevant ethnic controls needed
for accurate variant classification according to the ACMG guidelines.
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Ji Soo Park, Ethnic Controls for Analyzing BRCA1/2 Variants

Introduction
Genetic and genomic tests are rapidly expanding, and the
interpretation of genetic variants is a great challenge now
that many genetic variants of unknown significance (VUS)
have been identified. Among those genes for which variant
interpretation is challenging, BRCA1 and BRCA2 are of particular interest because of the significant clinical implications
of pathogenic mutations and the high prevalence of missense
VUS that complicate clinical diagnoses and decisions [1].
Germline mutations in BRCA1 or BRCA2 are clinically correlated with hereditary breast and ovarian cancer (HBOC)
syndrome, which features early-onset breast cancer, a high
incidence of ovarian cancer, and an increased risk of other
cancers, including prostate and pancreatic cancers [2].
BRCA1/2 testing is now an essential part of the management
of HBOC syndrome, but in practice, approximately 5%-21%
of patients tested for BRCA1/2 have one or more VUS, with
Asians and African Americans having higher rates [3-7].
Although several public databases, including the Breast Cancer Information Core (BIC, http://research.nhgri.nih.gov/
bic/) and ClinVar (http://www.ncbi.nlm.nih.gov/clinvar/),
provide estimated risks for certain VUS, interpretation of
VUS in Asian populations is still problematic due to limited
data.
In response to the need for standardized and intercommunicable assessment, the American College of Medical Genetics and Genomics (ACMG) recently established standards
and guidelines for the interpretation of sequence variants [8].
The standards and guidelines suggest a 5-tier variant classification with the following categories: pathogenic (P), likely
pathogenic (LP), VUS, likely benign (LB), and benign (B).
These classifications are determined by incorporating evidence from population, computational, functional, familial
segregation, de novo, allelic, and database data. Nevertheless,
there may still be issues of ambiguity and subjectivity in
some analyses; therefore, applying objective criteria will be
important to increasing reliability and reducing the uncertainty associated with the interpretation. Comparing variant
frequencies in the general population is a good example of
such an objective measure that has become an essential part
of the ACMG guidelines. The ACMG recommends that the
odds ratio (OR) be calculated based on the occurrence of the
variant in cases and in the general population. Additionally,
the lower limit of a 95% confidence interval (CI) of an OR
that exceeds 1.0 should be regarded as strong evidence of
pathogenicity (PS4) [8]. However, there is still debate regarding which population data should be used for OR calculations.
Recent studies have attempted to reclassify variants
according to the ACMG guidelines [9-12]; however, the pro-

portion of VUS is still high, particularly in patients from ethnic groups for which there is insufficient genetic and genomic information [12]. Here, we evaluated BRCA1/2
variants in Korean patients suspected of having HBOC according to the ACMG guidelines. Our simulation demonstrated that the optimal number of accurate ethnic controls
was needed for rare pathogenic variants to be properly
scored by this statistical approach.

Materials and Methods
1. Subjects
This study included 745 women with at least one clinical
feature of HBOC who were evaluated for BRCA1/2 germline
mutational status at Yonsei Cancer Center between January
2008 and January 2016. The clinical features of HBOC
included (1) at least one first- or second-degree relative with
breast and/or ovarian cancer, (2) breast cancer diagnosed
before age 40, (3) bilateral breast cancer, (4) breast cancer and
synchronous or metachronous ovarian cancer, and (5) epithelial ovarian cancer. We observed breast tumors in 596
patients, ovary tumors in 124 patients, and both breast and
ovary tumors in 25 patients. The World Medical Association
Declaration of Helsinki on medical research protocols and
ethics was followed throughout the study. The institutional
review board reviewed and approved this study.
2. BRCA1 and BRCA2 testing and variant analysis
After extraction of patient genomic DNA from peripheral
blood, the entire coding regions and exon-intron boundaries
(±20 base pairs) of the BRCA1 and BRCA2 genes were analyzed by Sanger sequencing. Reference sequences used for
analysis were NM_007294.3 for BRCA1 and NM_000059.3 for
BRCA2. Variant descriptions followed the nomenclature system of the Human Genome Variation Society (http://www.
hgvs.org/mutnomen). Variants were originally reported by
a 3-tier system, and those reported as disease-causing mutations or VUS were further evaluated and reclassified according to the ACMG guidelines as described below.
3. Statistical analysis using population control data
Various population data were used for the statistical analysis of each variant. From the Exome Aggregation Consortium
(ExAC), allele frequencies in 52,758 individuals, excluding
those who belong to the Cancer Genome Atlas consortium,
were retrieved. For each variant site, genotype data passing
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the quality cutoffs as defined by the ExAC were analyzed.
The ExAC populations used for final analysis included: 4,533
African/African American (AFR), 5,608 Latino (AMR), 3,933
East Asian (EAS), 3,307 Finnish, 27,173 Non-Finnish European (NFE), and 8,204 South Asian individuals. We also
retrieved allele frequencies from 1,314 Koreans, including
622 individuals from the Korean Reference Genome DB
(KRGDB, http://152.99.75.168/KRGDB/) and 692 individuals from the database of a commercial laboratory, the Theragen Etex Bio Institute (Suwon, Korea). For each variant, the
OR was calculated based on its occurrence in 745 patient
cases and in population controls described above. For those
variants that were not present in the population controls, the
corrected OR was calculated by adding 0.5 to all cells in a 22
table, as previously described [13].
4. Other assessments for ACMG classification
Computational predictions for missense variations were
calculated using the SIFT, PolyPhen-2, MutationTaster,
MutationAssessor, and FATHMM algorithms [14]. Pathogenic or benign evidence was scored when predictions of all
algorithms agreed. GVGD prior probability was also
retrieved (http://agvgd.iarc.fr/) for comparison. Splice site
analysis was determined using the SpliceFinder-like, MaxEntScan, NNSPLICE, GeneSplicer, and Human Splicing
Finder algorithms implemented in the Alamut Visual software (Interactive Biosoftware, Rouen, France). Although
family member genotypic information was unavailable for
most VUS, familial segregation analysis was performed
wherever possible using a recently described method [15].
By reviewing all available disease and literature databases,
including the BIC, ClinVar, Sharing Clinical Reports Project
(SCRP), PubMed, and the Human Gene Mutation Database
(http://www.hgmd.cf.ac.uk/), functional and database data
were evaluated and utilized when sufficient information was
available.
5. Structural modeling
To evaluate the structural impact of the BRCA p.Leu1780Pro mutation, a crystal structure of the BRCA1 BRCT
repeats bound to a phosphorylated BACH1 peptide (1T29)
was retrieved from the RCSB Protein Data Bank, and the
location of the variant was modeled with the PyMOL software (Schrödinger, New York, NY). Sidechain rotamer
analysis was performed using the KiNG software (Kinemage, Next Generation) [16].
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6. Simulation of 95% CIs of ORs in cases and controls
To estimate adequate numbers needed for statistical analysis, we calculated the OR and 95% CI by simulating the total
number of cases and controls from 100 to 10,000, a variant
frequency in cases from 0.1% to 10%, and the number of control individuals carrying the same variant from 0 to 5.

Results
1. Characterization of variants for reclassification
We revisited 144 variants (69 variants of BRCA1 and 75
variants of BRCA2), including 58 variants reported to be disease-causing mutations and 86 reported to be VUS in the
original 3-tier classification. All disease-causing mutations
were null variants and included 24 nonsense, 26 frameshift,
and eight splice-site mutations. The VUS included 64 missense, 14 synonymous, and eight intronic variants. Furthermore, we compared our cohort to an additional cohort of 715
Korean patients with breast cancer [12] that included 23 missense VUS.
2. Population data analysis
We classified two BRCA2 variations, p.Ile3412Val and
p.Ile2490Thr, to meet benign criterion weighted as standalone (BA1) because the allele frequencies exceeded 5% in
ExAC, AFR, and AMR populations. Because the incidence of
HBOC is estimated to be between 1 in 400 and 1 in 800 [17],
we defined a minor allele frequency (MAF) > 0.1% as too
high for the disorder, and therefore classified it as BS1
(benign criterion weighted as strong-1; allele frequency is
greater than expected for disorder). This is still a conservative
measure considering that many different BRCA1/2 mutations
have been reported, most of which are not highly prevalent
mutations except for those occurring within the Ashkenazi
Jewish population [17]. Using MAFs calculated from six different ExAC populations, we could classify 27 variants as
BS1. Using MAFs from 1,314 Korean exomes, we identified
an additional nine out of 36 variants that we classified as BS1.
We found that ORs were falsely elevated when we used
ExAC data for control populations. For example, use of the
ExAC NFE data resulted in the lower limits of the 95% CI
being 1.0 for most variants (Fig. 1, S1 Table). Even when the
ExAC EAS data was used, the ORs of some variants, including BRCA1 p.Ser1577Pro, BRCA2 p.Thr582Pro, and BRCA2
p.Asp1618Glu, were overinflated. Using Korean data, the
false positives could be excluded, and six variants could then
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vs. ExAc EAS
Odds ratio

vs. ExAc NFE
Odds ratio

0.01

0.0001

1

100

10,000

0.01

0.0001

1

100

10,000

10,000
100
1
0.01
0.0001
Pathogenic

Likely pathogenic

BRCA1 K608fs*
BRCA1 c.213–1G>A
BRCA1 c.302–2A>C
BRCA1 L1365fs*
BRCA1 T1376fs*
BRCA1 Y1429fs*
BRCA1 Q1756fs*
BRCA1 Q430*
BRCA1 c.5075–2A>G
BRCA1 c.5194–2A>G
BRCA1 K505*
BRCA1 L611*
BRCA1 N1272*
BRCA1 c.4485–2A>G
BRCA1 L1418*
BRCA2 S1900*
BRCA2 S2143*
BRCA2 S2670*
BRCA2 c.516+1G>A
BRCA2 D1864fs*
BRCA2 F2457fs*
BRCA2 G267fs*
BRCA2 c.8488–1G>A
BRCA2 T3085Qfs*
BRCA2 c.9254_9256+11del
BRCA2 V159M
BRCA1 E1114*

Uncertain significance

BRCA2 c.9649–19G>A
BRCA2 A406A
BRCA1 c.4484+14A>G
BRCA1 c.548–15G>A
BRCA1 c.671–8A>G
BRCA2 P1947=
BRCA1 P1020=
BRCA1 S1217C
BRCA1 S1386=
BRCA2 S791=
BRCA1 G401E
BRCA1 D96E
BRCA1 P1106S
BRCA1 M128Th
BRCA1 V1791E
BRCA1 c.594–15G>A
BRCA1 c.547+14delG
BRCA2 S3397F
BRCA2 D991N
BRCA2 K1183R
BRCA2 N1666T
BRCA2 A2351P
BRCA2 G2569D
BRCA2 A2683P
BRCA2 c.9501+6G>A
BRCA1 E1576Q
BRCA1 C644S
BRCA2 c.317–10A>G
BRCA2 N2781S
BRCA2 V3078F
BRCA2 K1440N
BRCA2 K2982Q
BRCA1 N112Y
BRCA2 T2722I
BRCA2 I3103M
BRCA1 Y130*

Likely benign

BRCA2 C315S
BRCA2 E425=
BRCA1 Q1604=
BRCA2 G2508S
BRCA2 S2697N
BRCA1 K1690Q
BRCA2 N830=
BRCA2 V2109I
BRCA1 T1449=
BRCA2 D1864N
BRCA1 A1474=
BRCA2 V821I
BRCA2 A2351G
BRCA1 V271M
BRCA2 K322Q
BRCA2 L709=
BRCA2 I1929V
BRCA1 G275D
BRCA2 S1733=
BRCA2 N2436I
BRCA1 S265=
BRCA2 L2396=
BRCA1 N824H
BRCA2 S1004N
BRCA2 C1348Y
BRCA2 L1687R
BRCA2 Y2884C
BRCA2 P3039L
BRCA2 L3135V
BRCA2 G2044V
BRCA2 D1990A
BRCA2 V2166L
BRCA2 M784V
BRCA2 D1618E
BRCA1 S1577P
BRCA2 T582P

Benign

Fig. 1. Odd ratios (ORs) calculations using different population data. Comparison of cases with non-Finnish Europeans (NFE) from Exome Aggregation Consortium
(ExAC) results in overinflation of ORs. OR inflation was still noted for some benign variants using East Asian (EAS) population data. Variants were classified
according to the American College of Medical Genetics and Genomics (ACMG) standards and guidelines. Round dots indicate OR and a continuous line through
the dot indicates a 95% confidence interval.

vs. Korean exome
Odds ratio

BRCA1 N909I
BRCA1 G1077Afs*
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BRCA1 K467*
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BRCA1 R1443*
BRCA1 C64R
BRCA1 E1754*
BRCA1 W1815*
BRCA2 S599*
BRCA2 Y792*
BRCA2 S2201fs*
BRCA2 I1859Kfs*
BRCA2 N2146Tfs*
BRCA2 D252fs*
BRCA2 I2675V
BRCA1 V340fs*
BRCA1 K812fs*
BRCA1 G1348fs*
BRCA1 L785*
BRCA1 W1837R
BRCA2 K437fs*
BRCA2 T933Rfs*
BRCA2 S1248fs*
BRCA1 E1694*
BRCA2 Q3026*
BRCA2 A938fs*
BRCA1 V1833Sfs*
BRCA1 S308fs*
BRC1 K1780P
BRCA2 K467*
BRCA2 R2494*
BRCA1 E1210fs*

BRCA2 I2490T
BRCA2 I3412V
BRCA1 Y856H
BRCA2 R18H
BRCA2 K2729N
BRCA1 F1662S
BRCA1 M1628T
BRCA1 P1150S
BRCA1 L52F
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A

BACH1

L1780

B

Fig. 2. Structural modeling for BRCA1 p.Leu1780Pro. (A) The p.Leu1780Pro residue is not located on substrate-binding sites
and a mutation at this site is not predicted to directly affect interaction with substrates. (B) Rotamer analysis shows that a
substitution of the leucine residue for a proline residue with a bulky aromatic side chain causes a clash with adjacent amino
acids and disrupts the -helical structure that maintains the BRCT domain.

be classified as PS4 (pathogenic criterion weighted as strong4; the prevalence of the variant in affected individuals compared with the prevalence in controls). Interestingly, among
this group, we identified a missense variant, BRCA1 c.5339T>C (p.Leu1780Pro; rs80357474), which was a previously
reported VUS. However, in our analysis, this variant had a significantly high OR (41.2; 95% CI, 2.4 to 699.5). Apart from these
six variants, 88 (including 52 null variants) were absent from
the population database and were classified as PM2 (pathogenic criterion weighted as moderate-2; absent from controls).
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3. Computational, functional, familial, and database data
analysis
Among 64 missense variants, 18 were predicted to have no
effect on the gene product according to all five computational
algorithms and were classified as BP4 (benign criterion
weighted as supporting-4; multiple lines of computational
evidence suggest no impact on gene or gene product). In contrast, 13 variants were predicted as deleterious using all
algorithms and were classified as PP3 (pathogenic criterion
weighted as supporting-3; multiple lines of computational

F
F
F
F
F
F
F

F
F

F
F

1
2
3
4
5a)
6a)
7

8
9

10
11b)

34
39

43
34

43
36
37
35
38
53

L
B

R
L

R
L
L
B
L
R

Site(s) of
breast
cancer

TNBC
TNBC

Unknown
TNBC

TNBC
TNBC
TNBC
TNBC
TNBC
HER2+

Breast
cancer
subtype

46
-

72
-

69
-

Age at first
diagnosis
with ovarian
cancer (yr)

High-grade serous carcinoma
-

Papillary serous adenocarcinoma
-

Papillary serous adenocarcinoma
-

Ovarian cancer
histology

-

-

BRCA2 p.Thr582Pro
BRCA1 c.594-15G>A
BRCA1 c.594-15G>A
BRCA2 p.Asn2781Ser

Other concurrent
BRCA1/2 variant

Breast (sister)
None
None
Colon (mother)
Breast (sister)
Breast (sister)
Breast (sister)
Stomach (father)
Breast (sister)
Stomach (father)
Colon (aunt)
Stomach (uncle 1)
Stomach (uncle 2)
Esophagus (mother)
Breast, ovary (sister)

Family history

F, female; R, right; TNBC, triple-negative breast cancer; L, left; B, bilateral; HER2, human epidermal growth factor receptor 2. a)Cases 5 and 6 are siblings, b)Case 11
had stomach cancer at 47 years of age.

Sex

Case

Age at first
diagnosis
with breast
cancer (yr)

Table 1. Clinicopathological characteristics of patients with BRCA1 p.Leu1780Pro
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A
108

Odds ratio

106
104
102
1
95% CI

0.01
100

10,000

2,000

4,000
6,000
No. of controls

8,000

10,000

Frequency in cases: 0.1%

10,000

8,000

No. of cases

No. of cases

4,000
2,000

6,000
4,000

2,000

4,000
6,000
No. of controls

8,000

100
100

10,000

Frequency in cases: 0.5%

10,000

8,000

8,000

6,000

6,000

4,000
2,000
100
100

0
1
2
3
4
5

2,000

No. of cases

No. of cases

10,000

Observed
in controls

8,000

6,000

100
100

B

Frequency in cases: 0.2%

2,000

4,000
6,000
No. of controls

8,000

10,000

Frequency in cases: 1.0%

4,000
2,000

2,000

4,000
6,000
No. of controls

8,000

10,000

100
100

2,000

4,000
6,000
No. of controls

8,000

10,000

Fig. 3. Simulation to determine the optimal number of subjects for odds ratio calculations. (A) Simulation of the odds ratio
and 95% confidence interval for a variant existing in 1% of cases (10 in 1,000 cases) and absent from controls. (B) The number
of cases and controls required for the lower limit of a 95% confidence interval to exceed 1.0 varies according to the variant
frequency in cases and variant observation in controls.
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evidence support a deleterious effect on gene or gene product). None of the 14 synonymous variants were predicted to
affect splicing and were classified as BP7 (benign criterion
weighted as supporting-7; a synonymous variant for which
splicing prediction algorithms predict no impact on the splice
consensus sequence nor the creation of a new splice site and
the nucleotide is not highly conserved). Seven missense variants were reported as deleterious by previous functional
studies and classified here as PS3 (pathogenic criterion
weighted as strong-3; well-established in vitro or in vivo functional studies supportive of a damaging effect on the gene or
gene product). Familial segregation and de novo data could
not be obtained for most patients. None of the investigated
families fulfilled the criteria for evidence [15] due to the small
number of family members who were genotyped.
4. ACMG classification
All of the 58 null variants that were previously classified
as disease-causing mutations were classified as P or LP,
except for BRCA1 p.Tyr130Ter (rs80356888), which was present in one individual among 3,933 ExAC EAS controls and
therefore could not be classified as PM2. Six among 86 variants (7.0%) previously reported as VUS were reclassified as
P or LP, 45 (52.3%) were reclassified into B or LB, and the
remaining 35 (40.7%) remained classified as VUS (S2 Table).
Among the seven high-frequency VUS (> 1% of all patients),
only BRCA1 p.Leu1780Pro was classified as P, while the
remaining ones were classified as B or BP (S3 Table). In total,
126 of the 745 patients (16.9%) with features of HBOC harbored variants (63 types) that were classified as P or LP
according to the ACMG classification.
5. BRCA1 p.Leu1780Pro is a founder mutation in Koreans
BRCA1 p.Leu1780Pro, a missense VUS remarkably enriched in patients over population controls, was classified as
P using multiple evidence categories, including PS4, PS3, and
PP3. This variant was observed in 11 of our 745 patients
(1.5%), which was equal to 8.7% of the 126 patients with P or
LP variants. All five algorithms predicted this variant as deleterious. Leu1780 is located at the C-terminal end of the BRCT
domain, an area in which other pathogenic missense variants
have been reported [18,19], but it does not appear to be
directly involved in substrate binding. The replacement of
leucine with proline, which has a bulky aromatic side chain,
is predicted to cause a side-chain clash with adjacent amino
acids and disrupt the -helical structure of the BRCT domain
(Fig. 2).
The clinicopathological features of 11 patients with the
BRCA1 p.Leu1780Pro mutation are presented in Table 1.
Among them, 10 were diagnosed with breast cancer, and the

median age at the time of first diagnosis was 37 (range, 34 to
53). Most of these cases (8 of 10) were triple-negative breast
cancer. Three patients were diagnosed with epithelial ovarian cancer, two of which had both breast cancer and ovarian
cancer. Additionally, two patients had bilateral breast cancers. Six of the 11 patients had at least one first-degree relative with breast cancer and/or ovarian cancer (Table 1,
S4 Fig.). Although these findings were very typical of HBOC,
we did not classify them as PP4 because of the locus heterogeneity that exists in breast and ovarian cancers [9]. Finally,
patients carrying the BRCA1 p.Leu1780Pro mutation lacked
any other pathogenic BRCA1 or BRCA2 mutations.
6. Simulation to determine the optimal numbers of subjects
for OR calculations
Because we could effectively obtain evidence and discover
pathogenic variants using statistical approaches, we explored
how many cases and controls would be needed to reach statistical significance. For a variant, increasing the number of
controls can increase the OR and statistical significance, and
the minimum number of controls needed varies depending
on the frequency of the variant in cases and in controls. If a
variant is present at a frequency of 1% (10 in 1,000 cases) and
absent from controls, at least 820 controls are needed for the
lower limit of a 95% CI to exceed 1.0 (Fig. 3A). Moreover,
although more than 4,000 controls are needed for a variant
existing in 0.2% of cases and 0% of controls, 500 cases are sufficient for a statistically valuable calculation, and increasing
the number of cases provides little additional advantage.
However, more cases and controls are needed if one or more
individuals with the variant are present in control populations (Fig. 2B). For variants existing at a high proportion in
cases (e.g., > 1%), small numbers of cases and controls are
sufficient to reach statistical significance (S5 Fig.).

Discussion
The ACMG guidelines were developed to improve and
standardize classification of potentially pathogenic genetic
variants by defining 28 criteria. Nevertheless, ambiguity still
exists in applying certain criteria; therefore, efforts are ongoing to increase the clarity of criteria and improve concordance in variant interpretation among different laboratories
and geneticists [9]. Using general population data may be
one of the most powerful tools for selecting pathogenic variants and excluding benign polymorphisms in an objective
manner. However, our results show that caution should be
exercised when population data from different racial or ethVOLUME 49 NUMBER 4 October 2017
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nic groups are used in analyses. Korea is located between
China and Japan; therefore, the genetic characteristics of
Koreans are considered to be similar to those of Chinese and
Japanese people. However, when we used the ExAC EAS
data in our analysis, which is mainly composed of Chinese
and Japanese individuals, we calculated misleadingly high
ORs for some variants. Because there are likely Korean-specific polymorphisms, using relevant Korean population controls is the best way to avoid inaccurate conclusions.
Additionally, our simulation raises issues and concerns
regarding the optimal number of population controls. This
varies depending on the frequency of the variant in cases.
For rare pathogenic variants, a large number of controls is
needed. For example, the BRCA1 p.Leu1780Pro variant that
was present in 1.5% of cases, was marginally significant (OR,
19.5; 95% CI, 1.1 to 331.5) when 622 Korean controls from
KRGDB were used. Considering that p.Leu1780Pro was the
second most prevalent mutation in our series, it is likely that
tens of thousands of relevant controls are needed for most
other rare variants.
Classifying VUS into pathogenic or neutral variants is a
challenge for clinicians evaluating the BRCA1 or BRCA2
mutation status of patients with features of HBOC. Efforts
are being made to reclassify VUS and reduce the rate at
which they are reported. For example, Myriad Genetic Laboratories reduced the VUS rate to 2.1% using their exclusive
database [20,21]. Open-access databases and research consortia, including ClinVar, the BIC and the Evidence-based
Network for the Interpretation of Germline Mutant Alleles
(ENIGMA) also play important roles in the interpretation of
VUS. Nonetheless, these databases primarily consist of
patients from Western countries, making it difficult to use
these populations to interpret the clinical significance of variants found in Asian or other ethnic populations.
The BRCA1 p.Leu1780Pro variant appears to be specific to
Koreans. Only one Asian case (detailed ethnicity unknown)
with BRCA1 p.Leu1780Pro was listed in the BIC, and this was
submitted by Myriad Genetics Laboratories and graded as
VUS. ClinVar and SCRP also list three submissions with a
VUS interpretation. Interestingly, other reports of this variant
are restricted to studies using Korean cohorts, all of which
classify the variant as VUS [12,22-24]. In our study, this variant was found in 11 cases and was the second most common
mutation after BRCA1 c.3627dupA (12 cases). BRCA1 Leu1780 is located at the 1-helix of the C-terminal end of two
BRCT domains (amino acids 1,646-1,859), which are critical
for DNA repair activity. In response to DNA damage, the
BRCT domain binds to phosphorylated proteins that are
essential for the DNA damage response [25]. Pathogenic missense variants reported to date have mainly been located at
the BRCT domain [18,19]. Lee et al. [26] conducted a comprehensive functional analysis of missense variants in the BRCT
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domain using multiple assays, including proteolysis tests, to
measure protein folding stability, phosphopeptide binding
assays to measure binding activity and specificity of peptide
interaction, and transcriptional assays to measure transcriptional activation activity. They found that the BRCA1 p.Leu1780Pro mutation causes adverse effects on cells in the above
assays.
We observed that the clinicopathological features of
patients carrying BRCA1 p.Leu1780Pro were typical of
HBOC (S6 Table) [17]. Although all enrolled cases were suspected HBOC cases, the clinical features of patients with
BRCA1 p.Leu1780Pro were remarkable among the enrolled
subjects. For familial investigation, information regarding the
parents’ history and genotype was unavailable for most families, in part because of the influence of the Korean War, followed by the division of territory, and infrequent visits to
clinics until the mid-20th century. Issues related to incomplete penetrance over a lifetime, inclusion of pathogenic variants in the general population controls, and missense variants with hypomorphic characteristics associated with moderate to low risk likely remain [27].
In conclusion, we applied the ACMG guidelines and
reclassified variants in BRCA1/2 in Korean patients with features of HBOC. We found that East Asian control populations are inappropriate for accurate OR calculations, and the
use of relevant Korean controls helped us to identify pathogenic variants, including one founder mutation, BRCA1
p.Leu1780Pro. Our simulation demonstrated that a sufficient
number of controls is needed for rare variants to be statistically evaluated (for instance, more than 820 relevant ethnic
controls for a variant existing in 1% of cases); therefore, large
genome projects for individual ethnic groups will be needed
in the future for more accurate interpretation of genetic variants.
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Purpose
This study assessed the feasibility and compliance of induction chemotherapy with gemcitabine and cisplatin followed by simultaneous integrated boost–intensity modulated radiotherapy (SIB-IMRT) with concurrent gemcitabine in patients with locally advanced unresectable pancreatic cancer.
Materials and Methods
In this trial, patients received induction chemotherapy consisting of gemcitabine (1,000
mg/m2) and cisplatin (25 mg/m2) on days 1, 8, and 15 of each treatment cycle. Patients
were subsequently treated with gemcitabine (300 mg/m2/wk) during SIB-IMRT. The patients
received total doses of 55 and 44 Gy in 22 fractions to planning target volume 1 and 2,
respectively. As an ancillary study, digital polymerase chain reaction was performed to screen
for the seven most common mutations in codons 12 and 13 of the KRAS oncogene of circulating cell free DNA (cfDNA).
Results
Forty-four patients were enrolled between 2012 and 2015. Of these, 33 (75%) completed
the treatment. The most common toxicities during induction chemotherapy were grades 3
and 4 neutropenia (18.2%), grade 3 nausea (6.8%) and vomiting (6.8%). The most common
toxicities during SIB-IMRT were grade 3 neutropenia (24.2%) and grade 3 anemia (12.1%).
Ten patients (23%) underwent a curative resection after therapy. Median overall survival
was significantly longer in patients who underwent curative resection (16.8 months vs. 11
months, p < 0.01). The median cfDNA concentration was significantly lower after treatment
(108.5 ng/mL vs. 18.4 ng/mL, p < 0.001).
Conclusion
Induction chemotherapy with gemcitabine and cisplatin followed by concurrent SIB-IMRT
was well tolerated and active.
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Introduction
Pancreatic cancer is one of the few cancers for which survival has not improved substantially over the past 40 years
[1]. Currently, pancreatic cancer is the fifth leading cause of
cancer-related death in Korea [2]. In 2012, 5,403 patients in
Korea were newly diagnosed with pancreatic cancer, and
4,778 individuals died of the disease. At diagnosis, 30% of
patients with pancreatic cancer have locally advanced, unresectable stage 3 disease.
The standard of care for locally advanced pancreatic cancer
(LAPC) remains poorly defined. Randomized trials [3,4]
comparing chemotherapy alone with chemoradiotherapy
(CRT) have yielded conflicting results. Although initial
chemotherapy is an increasingly utilized option for patients
with LAPC, the optimal regimen has not yet been established
[5-7]. The combination of gemcitabine with low-dose cisplatin has shown activity in advanced pancreatic cancer [8].
Meta-analyses revealed that the combination of gemcitabine
plus platinum resulted in a significant improvement in progression-free survival (PFS) when compared with gemcitabine monotherapy, although overall survival (OS) did not
differ significantly [9,10]. This regimen may be an acceptable
alternative for patients ineligible for gemcitabine plus nabpaclitaxel, FOLFIRINOX or clinical trials [11,12].
The international phase III LAP 07 study, which compared
chemotherapy alone with CRT, demonstrated that, although
CRT did not improve survival, patients in the CRT arm with
non-progressive LAPC after induction chemotherapy had a
longer time without treatment and a significantly lower rate
of local tumor progression, which could translate into a better quality of life [13]. In one population-based study, 41% of
LAPC patients treated with first-line chemotherapy died
without evidence of distant metastases [14]. These results
highlight the heterogeneity of LAPC and the importance of
locoregional tumor control. Accordingly, “consolidation”
CRT may be a viable treatment option for selected patients
with locally advanced non-metastatic pancreatic cancer.
Intensity-modulated radiotherapy (IMRT) is a type of
radiotherapy (RT) in which radiation beams can be modulated to deliver high doses to the tumor while reducing the
dose to surrounding normal tissues [15]. Conceptually,
besides the conformal dose distribution, IMRT can exploit
the potential biological advantages of accelerated forms of
RT, known as simultaneous integrated boost (SIB)–IMRT in
which different doses can be delivered to different targets at
the same time. Specifically, a higher dose can be delivered to
the gross tumor volume (GTV), while a lower dose is simultaneously delivered to areas of subclinical disease. Dosimetric studies have suggested that implementation of IMRTbased RT may result in improvements in patients with pan-

creatic cancer [16]. To extend these observations, the present
study assessed the compliance and efficacy of induction
chemotherapy with gemcitabine and cisplatin, followed by
concurrent SIB-IMRT, in patients with LAPC.

Materials and Methods
1. Study design and patients
Patients aged  18 years were eligible if they had histologically or cytologically proven, locally advanced pancreatic
cancer, an Eastern Cooperative Oncology Group (ECOG)
performance status (PS) of 0 to 1, no evidence of metastatic
disease in the major viscera or peritoneal seeding, and had
not previously undergone irradiation of the planned field.
Resectability was assessed based on a preoperative staging
contrast-enhanced computed tomography scan, magnetic
resonance imaging, endoscopic ultrasound, and positron
emission tomography. Criteria for local unresectability
included at least one of the following: long segment occlusion of the mesenteric vein/portal vein, more than 180degree involvement of the superior mesenteric artery or
involvement of the hepatic artery or celiac trunk. At least one
bi-dimensionally measurable lesion had to be present.
For inclusion, all sites of malignant disease had to be
encompassed within a single irradiation field (1515 cm
maximum), and all patients had to have radiographically
assessable disease. Patients with biliary or gastroduodenal
obstruction must have undergone drainage prior to starting
treatment. Required laboratory parameters at study entry
were as follows: white blood cell count  1,000/mm3, hemoglobin level  7.5 g/dL, platelet count  100,000/mm3, creatinine level  3.0 mg/dL, and total bilirubin level  3.0
mg/dL (patients with elevated bilirubin due to obstruction
had to be stented and their bilirubin level had to be  3.0
mg/dL prior to study entry).
In this prospective clinical trial, patients received induction
chemotherapy consisting of gemcitabine (1,000 mg/m2) and
cisplatin (25 mg/m2) as intravenous infusions on days 1, 8,
and 15 of each treatment cycle (Fig. 1). Patients were subsequently treated with gemcitabine alone (300 mg/m2) as
30-minute intravenous infusions once weekly during SIBIMRT, starting within 3 weeks of completing two cycles of
induction chemotherapy. If patients did not progress distantly following induction chemotherapy, SIB-IMRT was
started 3-4 weeks after the end of induction chemotherapy.
For RT planning, patients were placed in the treatment
position (generally, supine with arms above the head) and
immobilized using an arm-up holder to improve setup
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1023

Cancer Res Treat. 2017;49(4):1022-1032

Before chemotherapy

After SIB-IMRT

Test

Test

CBC, liver function test, renal function test,
EUS-guided fine needle biopsy, CT,
MRI CA 19-9 (PET, CEA, if necessary)

CBC, LFT, CA 19-9, CT
(CEA, if necessary)

Blood sample
(blood sampling
and storage)

Blood sample
(blood sampling
and storage)
D1

D8

D15

D22

3 weeks

GEM (1,000 mg/m2)
Cisplatin (25 mg/m2)

D1

D8

D15

D22

D29

SIB-IMRT
[PTV1: 55 Gy/22 Fx/
PTV2: 44 Gy/22 Fx]
GEM (300 mg/m2)

Fig. 1. Treatment schema, showing induction chemotherapy with GEM and cisplatin, followed by GEM-based SIB-IMRT.
CBC, complete blood count; EUS, endorectal ultrasound; CT, computed tomography; MRI, magnetic resonance imaging;
CA 19-9, carbohydrate antigen 19-9; PET, positron emission tomography; CEA, carcinoembryonic antigen; LFT, liver function
test; GEM, gemcitabine; SIB-IMRT, simultaneous integrated boost–intensity modulated radiotherapy; PTV, planning target
volume.

reproducibility. Computed tomography (CT) images were
acquired over 10 respiratory phases at slices 2.5-mm-thick
under shallow respiration using a four-dimensional CT simulator (Light-Speed RT, GE Healthcare, Waukesha, WI). All
CT images were transferred to a treatment planning system
(Eclipse, ver. 8.0, Varian Medical System, Palo Alto, CA), and
contours for targets and organs at risk were drawn. The GTV
included all detectable tumors, as determined by CT. The
internal target volume (ITV) was obtained by summing the
GTVs of all respiratory motion phases, and the clinical target
volume (CTV) included the ITV and the volumes of regional
lymph nodes, including the pericholedochal, celiac, and pancreaticoduodenal nodes. Planning target volumes 1 (PTV1)
and 2 (PTV2) consisted of the ITV plus 3-5 mm margins in
all directions and the CTV plus 5-7 mm margins, respectively. RT planning was performed using five coplanar or
non-coplanar intensity modulated beams of 6 MV photons
and the prescribed total doses to the PTV1 and 2 were 55 Gy
and 44 Gy, respectively, each in 22 fractions. The treatment
was designed so that at least 95% of the PTV would receive
100% of the prescribed dose, with the maximum dose to the
spinal cord not exceeding 45 Gy. The absolute volumes of the
esophagus and stomach that received at least 55 Gy were
 2 cm3 each, and the absolute volumes of the small and large
intestines that received at least 50 Gy were  2 cm3 each.
Patients with sufficient tumor regression subsequently
underwent pancreatic resection 6 to 8 weeks after treatment.
Imaging results during treatment were interpreted and
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decisions regarding SIB-IMRT or surgery made at multidisciplinary meetings. Upon completion of the protocol therapy,
patients were followed up every 3 months for 2 years by CT
or magnetic resonance imaging of the chest, abdomen, and
pelvis. Response to the protocol therapy was assessed using
the Response Evaluation Criteria In Solid Tumor criteria ver.
1.1. Toxicity was scored according to the National Cancer
Institute Common Terminology Criteria for Adverse Events
ver. 4.1. Data collected for all patients who underwent surgery included the type and duration of surgery, and whether
they had undergone vascular resection and/or reconstruction.
All patients had to provide written informed consent
before registration, and the trial protocol was approved by
the Ministry of Food and Drug Safety in Korea and the Institutional Review Board of the National Cancer Center, Korea
(NCCCTS-11-567, ClinicalTrials.gov identifier: NCT01593475). This study was partly sponsored by Dong-A ST, Korea,
as well as by grants from the National Cancer Center, Korea.
2. Cell-free DNA and KRAS mutation analysis
Cell-free DNA (cfDNA) was extracted from 0.8 mL of
serum using QIAamp Circulating Nucleic Acid Kits (Qiagen,
Hilden, Germany) and quantified using Qubit dsDNA HS
Assay Kits (Invitrogen, Eugene, OR). As an ancillary study,
digital PCR was performed using a QX200 KRAS Screening
Multiplex Droplet Digital PCR System (Bio-Rad Laborato-
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ries, Hercules, CA), which covers the mutation sites G12A,
G12C, G12D, G12R, G12S, G12V, and G13D. The results were
analyzed with the QuantaSoft software (Bio-Rad Laboratories, Pleasanton, CA).
3. Statistical analysis
The primary endpoints of this study were the feasibility of
and compliance with induction chemotherapy with gemcitabine and cisplatin followed by SIB-IMRT for patients with
locally advanced unresectable pancreatic cancer. Because
approximately 20% of patients with locally advanced disease
develop early distant metastasis [4,17], it was expected that
at least 80% of all patients would be eligible for SIB-IMRT
upon completion of induction chemotherapy. The null
hypothesis set the true compliance rate of patients eligible
for SIB-IMRT at  60%. For the study to have a power of 80%
when an experimental arm shows a compliance of  80%, the
required number of evaluable patients was calculated to be
24 at a one-sided type I error rate of 5%. If 10% of patients
are lost to follow-up and 20% develop distant metastases
after induction chemotherapy, then a total of 44 eligible
patients would be required to show a significant effect of
treatment.
Fisher exact test, Pearson’s chi-square test, the Student’s t
test and the Mann-Whitney test were used when appropriate
to identify significant differences in demographic and clinical
characteristics. Statistical significance was set at a p-value of
less than 0.05. All analyses were performed using the SAS
statistical ver. 9.3 and R ver. 3.3.1 and reported p-values are
two-sided.

Table 1. Baseline characteristics
Characteristic

No. (%)

Total No. of patients
Age, median (IQR, yr)
Sex
Male
Female
Tumor size (longest diameter),
median (IQR, cm)
Tumor location
Head
Body and tail
Pretreatment CA 19-9,
median (IQR, U/mL)
Pretreatment CEA,
median (IQR, U/mL)
ECOG performance status
0
1

44 (
67 (57.5-71)

4.25 (2.15-7.4)

9 (21)
35 (79)

Locally advanced
pancreatic cancer
(n=44)
Withdrawal of consent
(n=5)

Results

Forty-four patients consented to participate and were
enrolled in this study between March 2012 and January 2015.
The patients consisted of 19 males and 25 females with a
median age of 67 years, and with a median follow-up period
of 13.1 months (range, 4.2 to 41.9 months). Of these 44
patients, nine had an ECOG PS of 0 and 35 had an ECOG PS
of 1. Table 1 summarizes the demographic and clinical characteristics of these patients.

25 (57)
19 (43)
267.5 (64-773)

IQR, interquartile ranges (Q1-Q3); CA 19-9, carbohydrate
antigen 19-9; CEA, carcinoembryonic antigen; ECOG, Eastern Cooperative Oncology Group.

Gem-Cis complete
(n=39)

1. Patient and primary tumor characteristics

19 (43)
25 (57)
3.6 (3.1-4.5)

SIB-IMRT complete
(n=33)

Progressive disease
(n=5)
Withdrawal of consent
(n=1)

Progressive disease
(n=6)
Curative resection
(n=10)

Fig. 2. Flow of patients through the protocol treatment.
Gem-Cis, gemcitabine plus cisplatin; SIB-IMRT, simultaneous integrated boost–intensity modulated radiotherapy.

2. Treatment administration and toxicity
All 44 patients were started on induction chemotherapy,
with 39 (89%) completing the induction treatment regimen.
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Table 2. Grade 3 adverse events in > 5% of patients and
all grade 4 adverse events
Toxicity
TInduction chemotherapy (n=44)
Hematologic
Neutropenia
Thrombocytopenia
Anemia
Non-hematologic
Nausea
Vomiting
SIB-IMRT (n=33)
Hematologic
Neutropenia
Thrombocytopenia
Anemia
Non-hematologic
Cholangiohepatitis

Grade 3

Grade 4

7 (15.9)
7 (15.9)
4 (9.1)

1 (2.2)
-

3 (6.8)
3 (6.8)

-

8 (24.2)
2 (6.1)
4 (12.1)

-

2 (6.1)

-

Values are presented as number (%). SIB-IMRT, simultaneous integrated boost–intensity modulated radiotherapy.

After two cycles, five (11%) patients showed distant progression, precluding SIB-IMRT (Fig. 2). One additional patient
withdrew consent prior to starting SIB-IMRT. Thus, 33
patients (75%) completed the entire treatment protocol,
which was a significantly higher percentage than the 60%
expected (p=0.028), with six patients progressing locally or
distantly after SIB-IMRT. All patients completed SIB-IMRT
without interruption. The average relative dose intensities of
gemcitabine and cisplatin during induction chemotherapy
were 81.4% and 83.2%, respectively. The average relative
dose intensity of gemcitabine during SIB-IMRT was 72.5%.
Table 2 summarizes the safety results. The most common
toxicities during induction chemotherapy were grades 3 and
4 neutropenia (18.2%), grade 3 nausea (6.8%), and grade 3
vomiting (6.8%). The most common toxicities during SIBIMRT were grade 3 neutropenia (24.2%) and grade 3 anemia
(12.1%). Grade 3 and 4 gastrointestinal toxicities were not
reported. There were no treatment-related deaths, and no
late radiation toxicities such as gastrointestinal bleeding or
duodenal ulcer were observed.
3. Efficacy
The response rate was 34% and the disease control rate was
64% after completion of the entire treatment protocol. The 34
patients with measurable carbohydrate antigen 19-9 (CA
19-9) concentrations at both baseline and after treatment
showed a significantly lower median CA 19-9 level after
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(25 U/mL; interquartile range [IQR], 6.8 to 135 U/mL) than
before (267.5 U/mL; IQR, 64 to 773 U/mL) treatment (p <
0.001).
Twelve patients subsequently underwent surgical exploration, with 10 subsequently undergoing curative resection
(Table 3). R0 resections were achieved in all 10 patients, with
nine also undergoing resection of one or more blood vessels,
including six who underwent resection of the superior
mesenteric or portal vein and five who underwent resection
of the hepatic or celiac artery. The primary location of cancer
was the head of the pancreas (five cases), the body (n=4), the
body and tail (n=1). The changes in CA 19-9 level before surgery ranged from –98% to –35%. At the time of data analysis,
only one patient (No. 19) with no residual tumor remained
alive after 41.9 months of follow-up. The median PFS and OS
of all patients in the present study were 10.1 months and 13.1
months, respectively (Fig. 3). The median OS was significantly longer in patients who underwent curative resection
than in those that did not (16.8 months vs. 11 months, p <
0.01).
Of 33 patients completing the entire treatment protocol, 31
(93.9%) experienced tumor progression. For five patients
(16.1%), tumor progression was locoregional, while for 23
(74.2%), it was metastatic, and for three (10.0%), it was of an
unknown type. Chemotherapy was reintroduced in 20
patients (64.5%) after protocol completion. The most common reason for no subsequent chemotherapy was poor PS.
Gemcitabine plus erlotinib was used in 10 patients as the second line chemotherapy, while gemcitabine alone was used
in five patients, TS-1 was used in three patients and gemcitabine plus cisplatin and capecitabine were administered to
one patient each.
4. Biomarker evaluation
The median cfDNA concentration, KRAS mutant concentration and KRAS mutant fractional abundance before treatment were 108.5 ng/mL (IQR, 24.7 to 303 ng/mL), 0.34
copies/µL (IQR, 0 to 1.1 copies/µL), and 0.14% (IQR, 0% to
0.7%), respectively. After treatment, the median cfDNA concentration, KRAS mutant concentration and KRAS mutant
fractional abundance were 18.4 ng/mL (IQR, 4.3 to 66
ng/mL), 0.21 copies/µL (IQR, 0 to 5.1 copies/µL), and 0.09%
(IQR, 0% to 0.77%), respectively. The concentration of cfDNA
was significantly lower after than before treatment (p < 0.001)
(Fig. 4A). In contrast, the KRAS mutant concentration and
fractional abundance did not differ significantly before and
after treatment (Fig. 4B and C). OS and PFS were not related
to cfDNA concentration, KRAS mutation concentration or
fractional abundance (S1 Fig.).
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Body
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Body

Body
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location

-

Portal vein

Blood
vessel
excision

Celiac axis

Distal pancreatectomy
Celiac axis
(anterior RAMPS)
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Superior
pancreaticoduodenectomy mesenteric
vein
Distal pancreatectomy
Portal vein

Right hepatic
artery,
portal vein
Pylorus preserving
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pancreaticoduodenectomy mesenteric
vein
Total pancreatectomy
Portal vein,
common
hepatic artery
Distal pancreatectomy
Celiac axis

Distal
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Total pancreatectomy

Total pancreatectomy

Surgical
procedure

Do not Distal pancreatectomy
express (anterior RAMPS)
CA 19-9
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–85

–35

–95

–78

–95

–98

–83

–94

Change in
CA 19-9
level (%)

(y)pT3N1

(y)pT3N1

(y)pT3N1

No residual
tumor
(y)pT3N0

(y)pT3N0

(y)pT3N0

(y)pT3N1

(y)pT3N0

(y)pT1N1
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stage

Well
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differentiated

Moderately
differentiated
Moderately
differentiated

-

Moderately
differentiated

Not specified

Not specified

Moderately
differentiated
Not specified

Differentiation

CA 19-9, carbohydrate antigen; M, male; F, female; RAMPS, radical antegrade modular pancreatosplenectomy.

Age
(yr)

Patient
No.

Table 3. Characteristics of patients who underwent curative resection
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Fig. 3. Progression-free survival and overall survival of all patients.

Discussion
Most patients with pancreatic cancer present with metastatic or locally advanced tumors. Because of differences in natural history and therapy, clinical trials in patients with
advanced pancreatic cancer have recently been subdivided
into unresectable and metastatic disease [1]. The management of LAPC requires a multidisciplinary approach, with
individual treatment based on careful assessment of tumor
location, stage and resectability. The results of the LAP07
trial indicate that CRT does not add a survival advantage to
chemotherapy alone [13]. However, responses to both
chemotherapy and radiation vary among patients, making
early identification of candidates for combined modality
treatment essential. Moreover, the role of RT continues to be
poorly defined, in part because of adherence to guidelines
for the definition of target volume and technical details in
treatment planning, although most protocol violations were
minor and adherence appears to have been more carefully
monitored than in prior trials.
Feasibility and compliance were the primary endpoints of
this trial because it was a preliminary investigation designed
gain specific information vital to planning subsequent studies. The null hypothesis set the true compliance rate of
patients eligible for SIB-IMRT at  60%. Overall, 33 of the 44
patients (75%) completed the entire treatment protocol, a significantly higher proportion than the 60% expected (p=0.028).
Given the feasibility and compliance of this treatment protocol, induction chemotherapy with gemcitabine and cisplatin
followed by concurrent SIB-IMRT is worthy of more rigorous
evaluation in LAPC patients through randomized controlled
studies.
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Although more expensive than conventional RT, IMRT
may reduce treatment-related toxicities in patients with pancreatic cancer [16]. The predominant treatment-related toxicities, namely nausea/vomiting, diarrhea and late gastrointestinal toxicity, were significantly reduced in patients
receiving IMRT, although there were no apparent differences
in outcome measures. No Grade 3 or 4 gastrointestinal toxicities associated with SIB-IMRT were reported in the current
study.
Patients enrolled in the present study were treated with
gemcitabine 300 mg/m2 plus concurrent SIB-IMRT, with the
most common toxicity being grade 3 neutropenia (24.2%).
Haematological toxicity was more likely to be related to the
type of concurrent chemotherapy than the technique of RT.
In a recent randomized phase II trial [7], more patients
treated with gemcitabine than with capecitabine had grade
3-4 hematological and non-hematological adverse effects. A
capecitabine-based regimen may be an alternative to a gemcitabine-based regimen in the context of SIB-IMRT.
In the LAP 07 trial, erlotinib did not provide any additional
benefit in the treatment of LAPC [13,18]. Combination
chemotherapy regimens (e.g., 5-fluorouracil, leucovorin,
irinotecan, oxaliplatin, FOLFIRINOX, and gemcitabine/nabpaclitaxel) have improved OS in patients with metastatic disease. FOLFIRINOX is a powerful first-line regimen that leads
to resectability in a substantial portion of patients with initially unresectable pancreatic cancer [19-21]. The observed
favorable survival after FOLFIRINOX should be discussed
with patients with LAPC and good PS [22]. The role of combination chemotherapy regimens in LAPC is currently being
actively investigated [23].
Induction chemotherapy provides theoretical advantages
over standard adjuvant therapy, including treatment of dis-
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tant micrometastases, assessment of tumor response to treatment, and better selection of patients most appropriate for
CRT or surgery. It has been hypothesized that extending the
neoadjuvant period might improve the selection of patients
who would benefit from the addition of RT [18]. In the present study, five patients (11%) with early distant metastasis
could avoid unnecessary CRT and 33 (75%) completed the
treatment regimen. Longer induction chemotherapy may
facilitate selection of patients and sensitizing of tumors to
subsequent CRT [24].
The frequency of a complete resection as well as long-term
survival is low for patients with locally advanced pancreatic
cancers. For example, the LAP07 trial demonstrated that only
4% of study participants responded to treatment sufficiently
to enable pancreatectomy [13]. The proportion of patients
who underwent resection after FOLFIRINOX for locally
advanced pancreatic cancer ranged from 0% to 43% across
studies [22]. Whether the use of more intensive initial induction chemotherapy might result in a better chance of significant tumor downstaging remains unclear. In the present
study, 10 patients (30%) underwent curative resection after
the protocol was completed.
A recent study reported that the historical, cross-sectional
imaging criteria for determining resectability are no longer
appropriate in patients who receive FOLFIRINOX, with or
without radiation therapy [21]. Current radiological imaging
cannot distinguish between fibrosis and viable cancer, which
is the basis for the continued imaging criteria for nonresectability. Despite reductions in CA 19-9 concentrations
and/or tumor size, clear fat planes around critical vascular
structures were not observed upon post-FOLFIRINOX preoperative imaging. A new biomarker is required to predict
resectability and favorable response to curative resection.
The biology of LAPC is unique in that the tumor is confined locoregionally, without evidence of distant macrometastatic disease. No features have been found to clearly
distinguish between tumors with a propensity to spread
locally versus diffusely. The precise molecular mechanisms
responsible for these behaviors are unclear [25]. Specific molecules involved in LAPC biology include transforming
growth factor , E-cadherin, N-cadherin, the chemokine
CXCL12 and Snail, along with K-ras [26-28].
Early identification of candidates for combined modality
treatment is crucial. More than 90% of pancreatic ductal adenocarcinomas harbor somatic KRAS mutations, and pancreatic cancer biology may vary according to tumor-specific
allelic ratio and dosage of mutated KRAS [29]. The presence
of KRAS mutations was reported to adversely influence survival of patients with pancreatic cancer [30]. Low allelic
ratios in tumor samples may be factors associated with good
prognosis. A longer follow-up and evaluation of a greater
number of patients will be necessary to confirm the role of
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cfDNA.
It should be noted that this study was limited by the lack
of a concurrent control arm. Because patients treated in
prospective trials tend to have better outcomes than historical controls, a randomized design was considered. Ultimately, concerns regarding sample size, availability of
patients with this rare disease entity, and, consequently, our
ability to complete the trial in a timely fashion resulted in a
single-arm design.
In summary, this trial met its stated goals, which were
defined as the feasibility of and compliance with induction
chemotherapy with gemcitabine and cisplatin followed by
concurrent SIB-IMRT in patients with LAPC. The treatment
regimen was well tolerated and active. Molecular markers
are needed better predict responses to specific treatments,
including radiation, and to allow more focused approaches
to treatment selection. Further research assessing the role of
circulating cfDNA as a biomarker in patients with LAPC is
warranted.
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The purpose of this study was to assess current levels of awareness of clinical trials (CTs),
perceptions regarding their benefits and willingness to participate to CTs among Korean
cancer patients.
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Materials and Methods
From December 2012 to August 2015, we distributed questionnaires to cancer patients
receiving systemic anti-cancer therapy at Seoul National University Hospital, Seoul, Korea.
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Results
A total of 397 out of 520 requested patients (76.3%) responded to the survey. Among the
397 patients, 62.5% were female and the median age was 52 years. Overall, 97.4%
(387/397) answered that they have at least heard of CTs. When asked about their level of
awareness, 23.8% (92/387) answered that they could more than roughly explain about
CTs. The average visual analogue scale score of CT benefit in all patients was 6.43 (standard
deviation, 2.20). Patients who were only familiar with the term without detailed knowledge
of the contents had the least expectation of benefit from CTs (p=0.015). When asked about
their willingness to participate in CTs, 56.7% (225/397) answered positively. Patients with
higher levels of awareness of CTs showed higher willingness to participate (p < 0.001).
Heavily treated patients and patients with previous experience regarding CTs also showed
a higher willingness to participate (p < 0.001). The perceived benefit of CTs was higher in
the group willing to participate (p=0.026).
Conclusion
The patient’s level of awareness regarding CTs was positively related to the positive perception and willingness to participate. Although the general awareness of CTs was high, a
relatively large proportion of patients did not have accurate knowledge; therefore, proper
and accurate patient education is necessary.
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Introduction

Materials and Methods

Clinical trials (CTs) are a crucial part of new drug development. For a new drug to be approved and marketed, the
safety and efficacy has to be confirmed by different phases
of CTs, which usually involve a large number of patients.
Therefore, interest, proper understanding and voluntary consent to participate in CTs are very important to ensure timely
and unbiased, successful operation of CTs.
As the molecular understanding of diseases has expanded
with improvements in engineering technology, the number
of new drugs has also increased at an unprecedented rate,
especially in cancer-related fields [1]. Indeed, as of January
2016, the number of CTs registered at ClinicalTrials.gov was
207,521, representing a 17-fold increase since 2005 [2]. However, not all drugs are successfully introduced to the market,
and results of only 10% of the trials registered to ClinicalTrials.gov were posted. The low accrual rate is reportedly an
important limitation of successful CTs, and several reports
on factors influencing the accrual rate have been published
[3-5].
In 2008, we collected questionnaires and analyzed cancer
patient’s awareness of CTs and their willingness to participate [6]. In that study, 82.6% of patients were familiar with
CT, but only 64.7% were willing to participate. The patients’
awareness, perceptions regarding the benefits, and willingness to participate in CTs were influenced by multiple factors
including their own health conditions, as well as social and
cultural backgrounds. In the last eight years, there have been
many changes in Korean society and the medical care environment. Since 2008, South Korea’s GDP has increased by
roughly 25%, and Korean citizens’ spending on medical care
has increased by over 50% [7]. Additionally, people are
becoming more interested in leading a healthier life, and as
medical knowledge and awareness of CT increases, it is
expected that patient views toward CTs will change. Moreover, the number of new drugs and CTs available to Korean
patients has increased remarkably. Specifically, the number
of CTs in Korea, registered to and approved by the Korean
Food and Drug Administration increased by almost two-fold
between 2007 and 2013, with investigator-initiated trials
increasing almost 640% [8].
In this context, we surveyed cancer patients to assess their
current levels of awareness regarding CTs, as well as their
perceived benefit and willingness to participate in CTs.

1. Patients
From December 2012 to August 2015, we prospectively
surveyed cancer patients who were receiving systemic
chemotherapy including targeted therapy at Seoul National
University Hospital in Korea. Attending physicians explained the purpose of the questionnaire to the patients at an
out-patient clinic and if the patients had will to participate,
study procedures were explained in detail by the investigators. Written informed consent to participate in the survey
was collected from all participating patients before collecting
any study-related information. Questionnaires were collected from the enrolled patients by the co-investigators at
the time of the patients’ visit to the oncology admission unit,
oncology day-care center or out-patient clinic for chemotherapy. Patients were included regardless of the purpose of the
anti-cancer treatment or number of lines of therapy they have
already received. The study protocol was approved by the
Institutional Review Board (IRB) of Seoul National University Hospital (IRB number: 1110-020-380) and was conducted
in accordance with the Declaration of Helsinki.
2. Questionnaire
The questions were designed to determine the patient’s (1)
awareness and sources of information for cancer CTs, (2) perceptions regarding the benefits and risks of both CT and conventional therapy, (3) willingness to participate in CT and
the reason for participation or nonparticipation, and (4)
socioeconomic information. The degree of interest regarding
medical information and the awareness of CTs were investigated using questions with 6-scaled descriptions ranging
from “1: none/never heard of” to “6: extremely/know in full
detail.” The perceived benefits/risks of CT and conventional
therapy were collected using a visual analogue scale (VAS)
of 0-10, where a higher score indicates a higher benefit or
risk. Demographic information was collected along with the
questionnaire, and disease status and treatment history
including history of participation to CTs were checked by a
medical oncologist by reviewing medical records.
3. Statistical analysis
The chi-square test was used to analyze correlations
between patient characteristics and their awareness or willingness to participate in CTs. The degree of awareness of CTs
collected from the 6-scaled description was converted to
scores of 0-10 for statistical analysis by starting from 0 and
increasing in increments of 2. The scores were reported as
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Table 1. Patient characteristics
Characteristic
Age, median (range, yr)
Sex
Male
Female
Unknown
Disease status
Neoadjuvant
Adjuvant
Metastatic, first line
Metastatic, second line
Metastatic, third line
Metastatic,  fourth line
Othera)/Unknown
Diagnosis
Breast
Stomach
Lung
Colorectal
Hepatobiliary/Pancreas
Head and neck/Esophagus
Lymphoma
Other
Multiple primary
Unknown
Previous history of
clinical trial enrollment
Yes
No
Unknown
Marital status
Single
Married
Bereaved
Divorced
Unknown
Educational degree
College and higher
High school
Middle school
Elementary school
Unknown
Economic statusb)
>8
> 6 to  8
> 4 to  6
> 2 to  4
2
Unknown

Table 1. Continued
No. of patients (%)
(n=397)
52 (20-81)
117 (29.5)
248 (62.5)
32 (8.4)
52 (13.1)
90 (22.7)
80 (20.2)
59 (14.9)
36 (9.1)
24 (6.1)
16 (4.2)
173 (43.6)
42 (10.6)
40 (10.1)
34 (8.6)
21 (5.3)
13 (3.3)
8 (2.0)
26 (6.5)
8 (2.0)
32 (8.1)

78 (19.6)
287 (72.3)
32 (8.1)
22 (5.5)
321 (80.9)
16 (4.0)
21 (5.3)
17 (4.3)
191 (48.1)
135 (34.0)
35 (8.8)
20 (5.0)
16 (4.0)
32 (8.1)
40 (10.1)
77 (19.4)
110 (27.7)
103 (25.9)
35 (8.8)

No. of patients (%)
(n=397)

Characteristic
Religion
Christian
Catholic
Buddhist
Atheist/Other
Unknown
Distance from clinic
 2 hr
> 2 hr
Unknown
Possession of private cancer insurance
Yes
No
Unknown

119 (30.0)
65 (16.4)
78 (19.6)
116 (29.2)
19 (4.8)
275 (69.3)
107 (27.0)
15 (3.8)
220 (55.4)
152 (38.3)
25 (6.3)

a)

Includes first-line chemotherapy for lymphoma and definitive concurrent chemoradiotherapy for head and neck cancer, b)Thousands of United States dollars per month.

mean point score (standard deviation [SD]). The scores of
awareness, benefits and risks with multiple factors were
analyzed by the t test or one-way analysis of variance to
show perceptions based on the benefits of a CT. The paired t
test was used to compare the mean VAS scores of clinical
benefits and risks of conventional therapy versus CTs within
patient groups. All analyses were performed using SPSS for
Windows ver. 20 (IBM Corp., Armonk, NY).

Results
1. Patient characteristics of responders for the questionnaire
A total of 520 cancer patients receiving chemotherapy were
asked to participate in this study. Among the 520 patients, 397
responded to the questionnaire (76.3%). The patient characteristics of the 397 patients are summarized in Table 1. Among
the evaluable patients, 62.5% were female, and the median age
was 52 years (range, 20 to 81 years). Most patients were married (80.9%) and lived within 2 hours’ distance (69.3%) from
the hospital. In terms of education, 48.1% of the included
patients received equal to or higher than college education.
Additionally, 55.4% answered that they were covered by
additional private cancer insurance. Thirty-two patients (8.4%)
answered the questions regarding awareness and willingness
VOLUME 49 NUMBER 4 October 2017
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Table 2. Perceptions regarding benefits/risks of clinical trials by patient characteristics
Age group (yr)
 30
> 30 to  40
> 40 to  50
> 50 to  60
> 60 to  70
> 70
Unknown
Sex
Male
Female
Unknown
Disease status
Neoadjuvant
Adjuvant
Metastatic, first line
Metastatic, second line
Metastatic, third line
Metastatic,  fourth line
Othera)/Unknown
Diagnosis
Breast
Stomach
Lung
Colorectal
Hepatobiliary/Pancreas
Head and neck/Esophagus
Lymphoma
Other
Multiple primary
Unknown
Previous history of clinical trial enrollment
Yes
No
Unknown
Marital status
Single
Married
Bereaved
Divorced
Unknown
Educational degree
College or higher
High school
Middle school
Elementary
Unknown
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Benefit

p-value

Risk

p-value

6.60±2.01
6.87±1.78
6.42±1.72
6.77±2.16
6.07±2.46
6.10±1.94
5.71±1.80

0.239

5.30±0.82
4.92±1.83
4.71±1.84
4.22±2.05
4.77±2.02
4.90±2.20
5.00±1.74

0.222

6.41±1.98
6.53±2.12
5.79±1.82

0.196

4.78±1.71
4.54±2.06
5.10±1.80

0.253

6.78±1.93
6.61±2.11
6.51±2.16
6.42±2.04
5.64±2.36
6.17±2.06
6.36±1.81

0.373

4.36±2.14
4.36±1.90
4.72±2.01
4.73±2.02
4.90±2.01
4.96±1.43
4.96±1.83

0.533

6.70±2.01
6.65±2.00
5.82±1.74
6.10±2.51
5.47±2.65
6.83±1.59
8.00±1.16
6.09±2.02
7.50±1.41
5.76±1.79

0.012

4.38±2.09
4.49±1.85
5.03±1.71
4.47±1.91
5.05±2.01
5.58±1.38
5.29±2.75
4.96±1.58
5.25±1.17
5.00±1.71

0.251

6.86±2.03
6.38±2.08
5.76±1.79

0.039

3.99±2.16
4.82±1.86
5.00±1.71

0.003

6.52±2.09
6.46±2.04
5.79±2.55
6.50±1.79
6.33±2.54

0.828

4.72±1.90
4.76±1.84
4.43±2.34
4.13±2.22
4.00±2.28

0.555

6.61±1.78
6.50±2.12
5.64±2.63
5.93±2.76
5.55±2.51

0.079

4.78±1.85
4.51±2.05
4.37±1.84
5.19±2.07
4.30±2.16

0.477
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Table 2. Continued
Benefit

p-value

Risk

p-value

7.19±1.74
6.25±1.66
6.72±1.90
6.43±1.92
5.99±2.33
6.70±2.58

0.079

5.13±2.40
4.81±1.66
4.54±1.85
4.71±1.86
4.57±2.04
4.35±1.90

0.681

6.53±2.12
6.14±2.28
6.75±1.87
6.32±1.92
6.09±2.55

0.458

4.56±1.91
5.21±1.83
4.59±2.18
4.56±1.79
4.10±2.38

0.193

6.42±1.99
6.53±2.19
5.80±2.49

0.557

4.66±1.99
4.68±1.78
4.44±2.24

0.939

4.46±1.99
5.01±1.82
4.24±1.89

0.076

6.65±2.00
6.18±2.07
5.94±2.39

0.023

b)

Economic status
>8
> 6 to  8
> 4 to  6
> 2 to  4
2
Unknown
Religion
Christian
Catholic
Buddhist
Atheist/Others
Unknown
Distance from clinic
 2 hr
> 2 hr
Unknown
Private cancer insurance
Yes
No
Unknown

Values are presented as mean±standard deviation. a)Includes first-line chemotherapy for lymphoma and definitive concurrent
chemoradiotherapy for head and neck cancer, b)Thousands of United States dollars per month.

to participate in CTs but did not complete their demographic
information.
Breast cancer was the most common cancer type (43.6%),
followed by gastric cancer (10.6%) and lung cancer (10.1%). At
the time of the survey, 199 patients (52.5%) were receiving
chemotherapy for recurred or metastatic cancer, while 35.8%
were receiving chemotherapy for neoadjuvant/adjuvant purposes. One hundred and fifty-seven (39.5%) answered that
they have been recommended to participate in any CTs by
their physicians during their treatment course. At the time of
the survey, 78 patients (19.6%) had already experienced CT.
In terms of the basal knowledge and interest regarding general medical information, 55 responders (13.9%) answered that
they were “extremely interested,” 34 (8.6%) answered “very
interested.” One hundred seventy (42.8%) answered “fairly
interested,” whereas 77 (19.4%) answered “not much interested,” 39 (9.8%) answe-red “minimum interest only,” and
four (1.0%) answered “none at all.” The routes in which the
patients received medical information were mass media
(49.2%), the internet (33.3%), physicians or nurses (21.0%), or
friends and family (12.3%).

2. Cancer patients’ awareness of CTs
When patients were asked about their awareness of CTs,
97.4% of the patients (387/397) answered that they had heard
of CT before (scale  2). Of those, 20 patients (5.2%) answered
that they could explain in full detail what CTs are (scale 6), 72
(18.6%) answered they could explain CTs in rough detail (scale
5), and 134 patients (34.6%) answered they understand what
it is but cannot explain it to others (scale 4). Additionally, 70
(18.1%) answered that they have only a rough idea (scale 3),
while 81 patients (20.9%) answered that they had heard of CT
but do not know in detail (scale 2). Regarding the source of
information of CTs, 37.5% of the patients (149/397) answered
that they had gathered information from their physicians/
nurses, and 34.3% (136/397) answered mass media including
TV, newspapers and internet (multiple answers allowed).
Female gender (p=0.032), higher economic status (p=0.021),
higher educational degree (p < 0.001), and prior history of CT
enrollment (p=0.013) were positively associated with increasing level of awareness of CT. Moreover, the mean point scores
of the awareness in patients whose answer to the source of
information included physicians/nurses were significantly
higher than the scores of those who did not receive the inforVOLUME 49 NUMBER 4 October 2017
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Table 3. Perceived benefits and risks of clinical trials in association with levels of awareness of clinical trials
Never heard of
Heard of the term, but do not know content
Rough idea only
Understand, but cannot explain
Can explain in rough detail
Can explain in full detail

Benefit

p-value

Risk

p-value

7.56±2.01
6.05±2.45
6.08±1.81
6.29±2.00
7.03±1.94
7.00±2.00

0.015

4.67±2.18
4.62±2.03
5.08±1.84
4.60±1.74
4.61±2.02
3.68±2.65

0.167

Values are presented as mean±standard deviation.

mation from their physicians/nurses (6.3 [SD, 2.27] vs. 5.1 [SD,
2.12], p < 0.001). Patients who could answer the question
regarding the stage of their disease, whether correctly or not,
also answered more confidently about the awareness of CTs
than those who did not or could not answer the question
(p=0.002). The awareness of CTs was in modest positive correlation with interest in general health information (Spearman’s r=0.374, p < 0.001). Possession of private insurance, age,
marital status, and travel distance to the hospital were not
associated with the awareness of CTs. Moreover, whether the
patient was receiving chemotherapy for curative or palliative
aim, or the number of regimens the patient had received
before survey were not associated with level of awareness.
3. Perception of the benefits and risks of CTs
In the survey of the perception of CTs using VAS scale,
patients gave a mean value of 6.43 (SD, 2.01) for the benefit
and 4.42 (SD, 1.94) for the risk of CTs. The perceived benefits
and risks of CTs in association with other patient characteristics are given in Table 2. The patients who have already participated in any CTs before the survey had higher expectations
of benefit (6.86 [SD, 2.03] vs. 6.38 [SD, 2.08], p=0.039), and safer
perception of the CTs (3.99 [SD, 2.2] vs. 4.82 [SD, 1.86], p=
0.001).
The mean scores describing the benefits and risks of conventional therapy were 6.52 (SD, 1.92) and 4.42 (SD, 2.12),
respectively, with no significant difference in perception of
benefit or risk between CT and conventional therapy (p=0.315
and p=0.052, respectively).
When the perceived benefits and risks were analyzed in
relation to the level of awareness of CTs, patients who were
only familiar with the term without any knowledge of contents had the least expectation of benefit from CTs (p=0.015).
While patients with higher confidence in their awareness of
CTs showed higher expectation of benefits, the patients who
were not aware of CTs at all answered the highest scores for
the benefit. However, no significant difference between the
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groups in the level of perceived risk was observed (p=0.167).
The average VAS scores of perception of benefits and risks
according to awareness are given in Table 3.
4. Willingness to participate in CTs
Among the 397 patients, 225 (56.7%) answered that they
would participate in the CTs. The most common reason for
willingness to participate was “the opportunity to receive the
most up-to-date treatment” (59.6%), followed by “physician
recommendation” (25.8%), and “financial benefits of treatment” (11.1%). On the other hand, among patients who were
unwilling to participate in CTs, the most common reason was
“because the effects of CTs are not proven yet” (44.1%), followed by “fear of side-effects” (32.1%), and “I don’t want to
be a guinea pig” (15.8%). Heavily treated patients showed
more willingness to participate in CTs (p < 0.001). The patients
who have experienced CTs before the survey also showed a
higher willingness to participate (p < 0.001). Overall, patients
who did not complete the questions showed lower willingness
to participate. The percentages of patients’ willingness to participate in CTs in association with other patient characteristics
are given in Table 4.
Patients with higher levels of awareness of CTs were more
willing to participate (p < 0.001). The average VAS points of
perception of the benefits of CTs were higher in the group willing to participate in CTs (6.65 [SD, 2.05] vs. 6.14 [SD, 2.04],
p=0.026). The percentage of patients showing willingness to
participate and their perception of the benefits and risks of
CTs, in association with the level of awareness of CTs, are
shown in Fig. 1. There were no significant differences between
the willing and the unwilling group in perceived risks of CTs,
or in perceived benefits or risks of conventional therapy.
5. Actual participation of the patients in CTs
During the period, an average of 109 studies were available
for enrollment at Seoul National University Hospital. We fol-
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Table 4. Willingness of patients to participate in cancer clinical trials
Willingness to participation (%)
Age group (yr)
 30
> 30 to  40
> 40 to  50
> 50 to  60
> 60 to  70
> 70
Unknown
Sex
Male
Female
Unknown
Disease status
Neoadjuvant
Adjuvant
Metastatic, first line
Metastatic, second line
Metastatic, third line
Metastatic,  fourth line
Othera)/Unknown
Diagnosis
Breast
Stomach
Lung
Colorectal
Hepatobiliary/Pancreas
Head and neck/Esophagus
Lymphoma
Other
Multiple primary
Unknown
Previous history of clinical trial enrollment
Yes
No
Unknown
Marital status
Single
Married
Bereaved
Divorced
Unknown
Educational degree
College or higher
High school
Middle school
Elementary school
Unknown

p-value

3/10 (30.0)
21/40 (52.5)
55/96 (57.3)
67/116 (57.8)
46/80 (57.5)
15/24 (62.5)
18/31 (58.1)

0.471

60/117 (51.3)
146/248 (58.9)
19/32 (59.4)

0.638

19/52 (36.5)
36/88 (40.9)
53/80 (66.2)
37/59 (62.7)
28/36 (77.8)
25/28 (89.3)
26/51 (51.0)

< 0.001

97/173 (56.1)
29/42 (69.0)
23/40 (57.5)
19/34 (55.9)
14/21 (66.7)
4/13 (30.8)
4/8 (50.0)
12/26 (46.2)
5/8 (62.5)
18/32 (56.2)

0.368

69/78 (88.5)
138/287 (48.1)
18/32 (56.2)

< 0.001

11/22 (50.0)
184/321 (57.3)
13/16 (81.2)
13/21 (61.9)
4/17 (23.5)

< 0.001

111/191 (58.1)
83/135 (61.5)
19/35 (54.3)
7/20 (35.0)
5/16 (31.2)

< 0.001
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Table 4. Continued
Willingness to participation (%)

p-value

b)

Economic status
>8
> 6 to  8
> 4 to  6
> 2 to  4
2
Unknown
Religion
Christian
Catholic
Buddhist
Atheist/Other
Unknown
Distance from clinic
 2 hr
> 2 hr
Unknown
Private cancer insurance
Yes
No
Unknown

17/32 (53.1)
20/40 (50.0)
40/77 (51.9)
65/110 (59.1)
66/103 (64.1)
17/35 (48.6)

< 0.001

74/119 (62.2)
36/65 (55.4)
46/78 (59.0)
63/116 (54.3)
6/19 (31.6)

< 0.001

161/275 (58.5)
60/107 (56.1)
4/15 (26.7)

< 0.001

122/220 (55.5)
95/152 (62.5)
8/25 (32.0)

< 0.001

a)

Includes first-line chemotherapy for lymphoma and definitive concurrent chemoradiotherapy for head and neck cancer,
Thousands of United States dollars per month.

b)

6

60

4

40

2

20

Perception on benefits

80

0

0

1
2
3
4
5
6
Patients awareness of clinical trials

0

B
10

100

8

80

6

60

4

40

2

20

0

0

1
2
3
4
5
6
Patients awareness of clinical trials

Willingness to participate (%)

8

Willingness to participate (%)

100

Perception on risks

A
10

0

Fig. 1. Cancer patients’ willingness to participate in clinical trials relative to level of awareness and perceived benefits/risks
of clinical trials. (A) Cancer patients’ awareness of clinical trials and willingness to participate relative to perceived benefits
(red line: perceived benefit; blue blocks: willingness to participate). (B) Cancer patients’ awareness of clinical trials and willingness to participate relative to perceived risks (red line: perceived risk; blue blocks: willingness to participate). (A, B)
Patients’ awareness of clinical trials: 1, never heard of; 2, heard of clinical trial but do not know in detail; 3, rough idea of
only; 4, understand, but cannot explain; 5, can roughly explain; 6, know in full detail.
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lowed up the 222 of the patients who participated in this survey earlier during the collection period, and had more than
one year of follow-up time after completion of the survey. Out
of the 222 patients, 30 (13.5%) were actually enrolled in trials
after the survey. Additionally, 23 of the 30 patients (76.7%)
were those who showed willingness to participate in CTs,
while the other seven either answered no or gave no answer.

Discussion
In our study, we surveyed cancer patients receiving chemotherapy to assess the current levels of awareness of CTs
and perceptions regarding the benefits/risks of CTs and
finally to assess the willingness of the patients to participate
in cancer CTs. While 97.4% of the surveyed patients
answered that they were at least not unfamiliar with CTs,
only 5.2% answered that they were confident with their
knowledge. Interestingly, the patients with vague knowledge of CTs had the most doubt about the benefit of the CTs.
Overall, 59.4% of the patients answered positively to the
question asking if they were willing to participate in CTs
when offered. Additionally, patients with higher confidence
of awareness of CTs showed higher willingness to participate.
A low accrual rate has often been identified as an important barrier against successful conduction of CTs [9-12]. It has
been reported that only approximately 3%-5% of adult cancer patients enroll in CTs [13]. Understanding and overcoming the patient factor is important to overcoming this barrier.
The patients’ awareness and understanding of CTs, which
are the important factors with potential improvability, have
been a subject of interest, and a few studies have been conducted among different populations [14-17]. A number of
previous studies have reported positive correlation of patient
awareness with the willingness to participate, although some
inconsistency still remains. Lara et al. [18] conducted a survey of the residents of California and reported that there was
a positive correlation between the respondent awareness of
cancer CTs and the willingness to participate. On the other
hand, there was a Korean study in 2012 that reported discrepancies between the awareness and the willingness to
participate [19]. A summary and recommendations from the
National Cancer Institute-American Society of Clinical
Oncology Cancer Trial Accrual Symposium suggested that,
with existing literature evidence, raising general awareness
about CTs alone may not be sufficient to improve accrual;
however, the report went on to recommend education of
patients and the community about CTs using culturally
appropriate materials that considered the patients’ point of

view [20].
We reported a considerably high percentage of patients
having at least heard of CTs (97.4%). The high proportion
being at least familiar with CTs may be related to the fact that
the respondents in our patients were all cancer patients
receiving chemotherapy. Lara et al. [18] reported that 69% of
the respondents answered that they had heard the term
“clinical trial” before; however, their survey had included
not only cancer patients, but also their friends and family,
and even a small proportion of general public. However, the
percentage of patients having at least heard of CTs in this
study is still higher than the result reported in our study in
2008, which was 82.6% [6]. The general increase in awareness
may be at least in part explained by the actual increase in the
number of CTs available to cancer patients [8]. With
improvements in cancer research and new drug development, the number of CTs available has recently expanded
rapidly. Indeed, the average number of cancer CTs available
for enrollment on any given day at our institution, which is
one of the largest university hospitals with a cancer center in
Korea, has increased from 47 in 2008 to 110 in 2015.
The results of this study revealed a positive correlation
between the patient’s awareness and their willingness to participate. These results are in accordance with several previously reported western studies [18]. However, the willingness to participate observed in our report was not much
higher than that observed in other reports considering the
high percentage of awareness of CTs in our cohort, although
consent rates reported in previous studies varied widely [3].
Furthermore, no definite improvement in willingness was
observed from our previous study in 2008.
Interestingly, we found that the expectation of benefit from
CTs of patients with only a rough idea of CTs was even lower
than that of patients without any knowledge of CTs at all.
Additionally, although the percentage of patients showing
willingness to participate in CTs gradually increased in line
with the level of awareness, reaching more than 80% among
patients with a relatively higher understanding of CTs, the
percentage of patients with a lower level of understanding
that were willing to participate was still not very different
from that of patients with no knowledge of CTs at all. A possible explanation for this may be that an accurate or confident
level of understanding, rather than any level of awareness of
CTs, is important to improving the positive perception and
willingness to participate. In our study, patients who
answered that they have gathered most of the information
from their doctors/nurses answered the question regarding
the level of awareness of CTs with higher confidence. These
results suggest that active patient education, especially by
their physicians and nurses, to provide patients with unbiased accurate information and help them properly understand CTs is important. Proper education may eventually
VOLUME 49 NUMBER 4 October 2017
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lead to improvement in the accrual rate in future CTs.
This study has limitations in that it was conducted at a single center, and focusing only on cancer patients receiving
chemotherapy. Moreover, we were not able to include all of
the target patients during the study period, which may have
led to bias in the study population. Moreover, it is possible
that patients with negative attitudes towards any research,
including CTs, may have not agreed to participate in this survey. Even among those who agreed to participate in the survey, patients who skipped any of the questions showed less
willingness to participate in CTs. This implies a possibility
that the results may be skewed from the actual reality
towards positive attitudes. As these caveats are one of limitations of collecting questionnaires from large populations,
we chose to include and reveal the patients who skipped any
of the questions; however, this necessitates that caution be
taken when interpreting the results. Despite the limitations,
our center is one of the largest cancer centers in Korea, and
one of the centers conducting the highest number of cancer
CTs. Therefore, the results of this study were based on an
important group of cancer patients treated in Korea.

Overall, this research shows the significance and importance of supplying patients with accurate and detailed information regarding the CTs to increase their willingness to
participate. As the numbers of novel drugs increase, it will
be important to understand the mindset of patients in order
to perform CTs. The results presented herein will help predict patients’ future attitudes toward CTs in Eastern countries.
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Purpose
The current study investigated whether the combined effects of soy intake and genetic polymorphisms of interleukin (IL) genes modify gastric cancer risk.
Materials and Methods
A total of 377 cases and 754 controls of Korean origin were included in the analysis. Soy
consumption was assessed using a semi-quantitative food frequency questionnaire. Seven
variants of IL10 (rs1800871), IL2 (rs2069763 and rs2069762), IL13 (rs6596090 and
rs20541), and IL4R (rs7205663 and rs1805010) were genetically analyzed. To analyze the
combined effect of soy intake and genetic polymorphisms, a low-intake group and high-intake
group of each type of soy were categorized based on the intake level of the control group.
Interactions between soy products and these genetic variants were analyzed by a likelihood
ratio test, in which a multiplicative interaction term was added to the logistic regression
model.
Results
A higher intake of nonfermented soy products was associated with a reduced cancer risk
(odds ratio [OR], 0.62; 95% confidence interval [CI], 0.43 to 0.90), and the reduced risk
was only apparent in males (OR, 0.44; 95% CI, 0.27 to 0.71). None of the IL genetic polymorphisms examined were independently associated with gastric cancer risk. Individuals
with a minor allele of IL2 rs2069762 and a higher intake of nonfermented soy food had a
decreased risk of gastric cancer (OR, 0.46; 95% CI, 0.31 to 0.68) compared to those with
a lower intake (pinteraction=0.039).
Conclusion
Based on the genetic characteristics of the studied individuals, the interaction between IL2
rs2069762 and nonfermented soy intake may modify the risk of gastric cancer.

Introduction
Gastric cancer is the fifth most commonly diagnosed cancer worldwide [1]. The incidence rates of gastric cancer are
the highest in East Asian countries, including Korea [2]. In
Korea, gastric cancer is the second most common type of can-
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cer, although a gradual decline in incidence has been noted,
with annual changes of –0.6% occurring between 1999 and
2013. For Korean males, the incidence of gastric cancer is the
highest among all types of cancer [3].
Gastric inflammation is a prerequisite for the development
of gastric cancer in the multistage model of gastric carcinogenesis [4]. One of the main risk factors for gastric cancer is
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Helicobacter pylori infection, which has been classified by the
International Agency for Research on Cancer as “carcinogenic to humans (Group 1)” [5]. H. pylori infection causes a
chronic gastric inflammatory response and oxidative stress
with a high chance of bacterial proliferation in the stomach
that leads to diverse clinical outcomes in humans (e.g., gastritis, peptic ulcers, and gastric cancer) [6]. It has been recognized that gastric adenocarcinomas have frequently been
found in areas of inflammation in which chronic H. pylori
progresses over time [7]. However, clinical outcomes may
differ depending on both genetic (intrinsic) and environmental (extrinsic) factors such as genetic variability of the H.
pylori strain, genetic background of the infected host with different ethnic groups, and diversity of the diet or lifestyle
[6,8]. Specifically, the inflammatory response can be induced
by the virulence properties of H. pylori pathogenicity and by
the genetic predisposition of inflammatory cytokines related
to host immunity [9]. The cytokines encoded by the interleukin (IL) genes are thought to contribute to induction of the
precancerous stage of gastric atrophy by regulating immune
responses and gastric acid secretion and by inhibiting H.
pylori infection [10]. Additionally, the dietary consumption
of specific foods and their active constituents may impact the
progression of gastric inflammation and carcinogenesis [11].
Among diverse foods consumed abundantly in Asian diets,
soy products have been reported to have anti-inflammatory
properties, and previous studies have confirmed that high
soy consumption may reduce the risk of gastric cancer [12].
In this context, gastric cancer is believed to be affected by
various factors, including genetic susceptibility, cultural
diversity, ethnicity, sex, and other environmental influences,
such as diets that differ among geographic regions [13]. The
present study was conducted to investigate whether the combined effect of dietary soy consumption and inflammationrelated genetic polymorphisms (IL10, IL2, IL13, and IL4R)
alters gastric cancer risk.

Materials and Methods

patients who stated that they had changed their dietary pattern due to illnesses were excluded. The controls of this study
were recruited among individuals who visited the Center for
Cancer Prevention and Detection at the same hospital as the
beneficiaries of the National Health Insurance program, were
in attendance to receive health examinations, and agreed to
participate in the study. Individuals with a history of cancer,
diabetes mellitus, gastric ulcers, and H. pylori treatment in
the control group were excluded. Participants were asked to
complete a set of self-administered surveys to obtain information regarding the demographics, medical history, lifestyle, and dietary intake habits. The frequency of cases and
controls were matched for gender and 5-year age distributions. A total of 377 gastric cancer cases and 754 healthy controls for whom data on soy product intake and genetic
characteristics were available were included in this study,
and all of the participants were of Korean origin (Fig. 1). The
infection status of H. pylori was evaluated using the rapid
urease test (Pronto Dry, Medical Instruments Corp., Solothurn, Switzerland) and a histological/serological assessment. All of the participating subjects provided written
informed consent, and the study protocol was approved by
the Institutional Review Board of the National Cancer Center
(NCCNCS 11-438).
2. Dietary measurement
Individuals were asked to complete a semi-quantitative
food frequency questionnaire [14] consisting of 106 food
items to obtain information regarding regular dietary intake
habits from the past 12 months (participants were asked
about the average frequency of intake and portion size of
specific foods to assess their regular intake during the previous year using the validated food frequency questionnaire).
The soy food items measured were legumes, tofu, soymilk,
sprouts, and doenjang (Korean traditional fermented soybean
paste and soybeans), and the intake amount of each item was
calculated using CAN-PRO 4.0 (Computer Aided Nutritional
Analysis Program, The Korean Nutrition Society, Seoul,
Korea). The isoflavone intake level from the five types of soy
food consumption was estimated using the Korean Isoflavone database [15].

1. Study participants and data collection
3. Genotype measurement
The study subjects were recruited for a gastric cancer
research project of the National Cancer Center (NCC), Korea
between March 2011 and December 2014. The patients, who
were diagnosed with early-stage gastric cancer three months
prior to recruitment, were defined as the cases. Patients
diagnosed with other cancers within 5 years, advanced gastric cancer, diabetes mellitus, severe systemic or mental disease, women who were pregnant or breastfeeding, and

Genomic DNA was extracted using peripheral blood
leukocytes isolated from whole-blood samples obtained from
the participants. The Affymetrix Axiom Exom 319 Array
(Affymetrix Inc., Santa Clara, CA) platform, including
318,983 variants, was used for genotyping. Genetic markers
with deviation from Hardy-Weinberg equilibrium p-values
< 110–6, a minor allele frequency (MAF) < 0.01, and a low
VOLUME 49 NUMBER 4 October 2017
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A total of 500 gastric cancer patients agreed to
participate in the study among the subjects
recruited from March 2011 to December 2014
at Center for Gastric Cancer, National Cancer
Center (NCC) in Korea

A total of 1,227 eligible controls agreed to
participate in the study among the subjects
recruited from NCC Screenee Cohort between
March 2011 and December 2014 at Center for
Cancer Prevention, NCC in Korea
Exclusion of 91
non-genotyped subjects

Exclusion of 50
non-genotyped subjects

Participants selected (n=1,136)
Exclusion of 2 subjects with
non-satisfactory result of
a quality control of genotyping
Participants selected (n=450)

Participants selected (n=1,134)

Subjects excluded (n=28)
Missing dietary data (n=22)
Missing questionnaire (n=1)
Implausible total energy intake (n=5)
Participants selected (n=422)

1:2 frequency matching based on gender and a 5-year age distribution
Exclusion of subjects due to
lack of matched control pairs
within the age range (n=45)
Participants selected (n=377)

Participants selected (n=754)

Fig. 1. Flowchart for the selection of study subjects in the study.

call rate (< 90%) were discarded. The genotype imputation
was performed using the Asian population (n=504) of 1000
Genome haplotypes phase III integrated variant set release
GRch37/hg19 (http://www.1000genomes.org/) as a reference panel. Phasing was performed using SHAPIT (v2.r837),
and single-nucleotide polymorphism (SNP) imputation was
completed using IMPUTE2 (2.3.2). The same quality control
criteria were applied after filtering for an INFO score over
0.6. A total of seven variants of IL10, IL2, IL13, and IL4R (rs1800871, rs2069763, rs2069762, rs6596090, rs20541, rs7205663,
and rs1805010, respectively) were selected. The MAFs of all
variants were over 0.15, and imputed variants (rs2069762,
rs6596090, rs7205663) had an INFO score above 0.95. Detailed
information regarding the variants analyzed in this study can
be found in S1 Table.
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4. Statistical analyses
The demographics and general characteristics of the study
participants were compared between the case and control
subjects using the Student’s t test for continuous variables
and the chi-square test for categorical variables. The dietary
variables were adjusted for total daily calorie intake for statistical analysis using the regression residual method [16].
The legume, tofu, soymilk, and sprout intakes were combined to represent nonfermented soy products, and the total
soy product intake was calculated by adding all five types of
soy foods. Based on the distribution of the control samples,
the food intakes were categorized into tertiles for further
analysis. Odds ratios (OR) and 95% confidence intervals (CI)
of gastric cancer risk were calculated for each soy food group

Sarah Yang, Interleukin-Soy Interaction and Gastric Cancer

Table 1. General characteristics of study participants, stratified by cancer status
Characteristic
Age (yr)
Sex
Male
Female
Histological type
Intestinal
Diffuse
Mixed
Missing
Alcohol drinking status
Non-drinker
Ex-drinker
Current drinker
Smoking status
Non-smoker
Ex-smoker
Current smoker
Education
Elementary
Middle-high
University
Regular exercise
Yes
No
Helicobacter pylori infection
Negative
Positive
Dietary intakeb)
Isoflavone (mg/day)
Legumes (g/day)
Tofu (g/day)
Soymilk (g/day)
Sprouts (g/day)
Soybean paste (g/day)
Total soy product (g/day)

Case (n=377)

Control (n=754)

p-valuea)

53.90±9.19

53.83±9.05

0.900

246 (65.25)
131 (34.75)

492 (65.25)
262 (34.75)

> 0.999

111 (29.44)
38 (10.08)
228 (60.48)

218 (28.91)
58 (7.69)
478 (63.40)

0.358

152 (40.32)
110 (29.18)
115 (30.50)

344 (45.62)
256 (33.95)
154 (20.42)

0.001

54 (14.36)
237 (63.03)
85 (22.61)

43 (5.97)
295 (40.97)
382 (53.06)

< 0.001

136 (36.07)
241 (63.93)

416 (55.39)
335 (44.61)

< 0.001

28 (7.43)
349 (92.57)

288 (38.20)
466 (61.80)

< 0.001

144 (38.20)
151 (40.05)
53 (14.06)
29 (7.69)

13.82±9.74
3.99±7.07
36.10±30.73
122.76±1,210.09
14.08±16.18
6.32±7.81
71.75±51.61

15.56±12.22
5.80±10.97
38.45±33.30
337.6±5,904.90
16.49±19.92
5.99±7.21
82.88±77.25

0.009
0.001
0.252
0.338
0.029
0.482
0.005

Values are presented as mean±standard deviation or number (%). a)Significant difference between case and control obtained
by Student's t test and chi-square test, b)Adjusted for total daily calorie intake.

and for isoflavone using multiple logistic regression, with
the lowest tertile as a reference group. The estimates of ORs
and 95% CIs were adjusted for education level, alcohol consumption status, smoking status, H. pylori infection, and
engagement in regular exercise. Each genetic variant’s risk
of gastric cancer was assessed under the dominant model.
To analyze the combined effects of soy food intake and
genetic polymorphism, a low-intake group and a high-intake
group for each type of soy food were categorized according
to the median intake level of the control group. OR and the

95% CI of each of the stratified groups were estimated, and
the interactions between soy products and SNPs were analyzed by a likelihood ratio test, where the multiplicative
interaction term of the genetic polymorphism and soy food
intake was added to the logistic regression model. The cases
and their individually matched controls were stratified by
histological type and the interactions between nonfermented
soy product intake and IL polymorphisms were further
analyzed. All of the statistical analysis was performed using
SAS ver. 9.3 (SAS Institute Inc., Cary, NC).
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Case

Total soy product
T1
251 (33.29) 133 (35.28)
T2
252 (33.42) 140 (37.14)
T3
251 (33.29) 104 (27.59)
Non-fermented soy product
T1
251 (33.29) 144 (38.20)
T2
251 (33.29) 150 (39.79)
T3
252 (33.42) 83 (22.02)
Legumes
T1 252 (33.42) 149 (39.52)
T2 251 (33.29) 125 (33.16)
T3 251 (33.29) 103 (27.32)
Tofu
T1 252 (33.42) 142 (37.67)
T2 250 (33.16) 109 (28.91)
T3 252 (33.42) 126 (33.42)
Soymilk
T1 252 (33.42) 173 (45.89)
T2 251 (33.29) 111 (29.44)
T3 251 (33.29) 93 (34.67)
Sprouts
T1 251 (33.29) 146 (38.73)
T2 252 (33.42) 119 (31.56)
T3 251 (33.29) 112 (28.71)
Fermented soy product (paste)
T1
252 (33.42) 122 (32.36)
T2
251 (33.29) 116 (30.77)
T3
251 (33.29) 139 (36.87)

Control

No. (%)
Control

Case

No. (%)
Fully
adjusteda)

OR (95% CI)
Crude

Male (n=738)

Control

Case

No. (%)

Fully
adjusteda)

OR (95% CI)
Crude

Female (n=393)

CANCER RESEARCH AND TREATMENT

1.00 (
1.00 (
164 (33.33) 87 (35.37) 1.00 (
1.00 (
88 (33.59) 35 (26.72) 1.00 (
1.00 (
0.96 (0.70-1.30) 0.97 (0.68-1.37) 164 (33.33) 75 (30.49) 0.86 (0.59-1.26) 0.93 (0.60-1.43) 87 (33.21) 41 (31.30) 1.19 (0.69-2.03) 1.06 (0.58-1.94)
1.14 (0.85-1.54) 1.08 (0.77-1.51) 164 (33.33) 84 (34.15) 0.97 (0.67-1.40) 0.90 (0.59-1.38) 87 (33.21) 55 (41.98) 1.59 (0.95-2.67) 1.46 (0.89-2.63)

1.00 (
1.00 (
171 (34.76) 105 (42.68) 1.00 (
1.00 (
80 (30.53) 41 (31.30) 1.00 (
1.00 (
0.81 (0.60-1.09) 0.90 (0.64-1.26) 163 (33.13) 76 (30.89) 0.76 (0.53-1.09) 0.84 (0.55-1.28) 89 (33.97) 43 (32.82) 0.94 (0.56-1.59) 0.99 (0.54-1.79)
0.77 (0.57-1.04) 0.96 (0.61-1.21) 158 (32.11) 65 (26.42) 0.67 (0.46-0.98) 0.72 (0.46-1.11) 93 (35.50) 47 (35.88) 0.99 (0.59-1.65) 1.12 (0.62-2.02)

1.00 (
1.00 (
170 (34.55) 115 (46.75) 1.00 (
1.00 (
82 (31.30) 58 (44.27) 1.00 (
1.00 (
0.64 (0.48-0.87) 0.69 (0.49-0.96) 158 (32.11) 74 (30.08) 0.69 (0.48-1.00) 0.74 (0.49-1.12) 93 (35.50) 37 (28.24) 0.56 (0.34-0.94) 0.60 (0.34-1.08)
0.54 (0.40-0.73) 0.61 (0.43-0.87) 164 (33.33) 57 (23.17) 0.51 (0.35-0.75) 0.60 (0.39-0.92) 87 (33.21) 36 (27.48) 0.59 (0.35-0.98) 0.63 (0.35-1.13)

1.00 (
1.00 (
170 (34.55) 98 (39.84) 1.00 (
1.00 (
82 (31.30) 44 (33.59) 1.00 (
1.00 (
0.77 (0.57-1.05) 0.79 (0.56-1.12) 157 (31.91) 73 (29.67) 0.81 (0.56-1.17) 0.86 (0.56-1.31) 93 (35.50) 36 (27.48) 0.72 (0.42-1.23) 0.66 (0.63-1.21)
0.89 (0.66-1.19) 0.91 (0.65-1.28) 165 (33.54) 75 (30.49) 0.79 (0.55-1.14) 0.79 (0.52-1.21) 87 (33.21) 51 (38.93) 1.09 (0.66-1.81) 1.12 (0.53-1.99)

1.00 (
1.00 (
187 (38.01) 101 (41.06) 1.00 (
1.00 (
65 (24.81) 48 (36.64) 1.00 (
1.00 (
0.84 (0.63-1.13) 0.94 (0.67-1.31) 158 (32.11) 78 (31.71) 0.91 (0.64-1.32) 1.01 (0.67-1.52) 93 (35.50) 47 (35.88) 0.68 (0.41-1.14) 0.75 (0.41-1.35)
0.69 (0.51-0.94) 0.67 (0.47-0.96) 147 (29.88) 67 (27.24) 0.84 (0.58-1.23) 0.89 (0.58-1.39) 104 (39.69) 36 (27.48) 0.47 (0.28-0.80) 0.40 (0.21-0.73)

1.00 (
1.00 (
166 (33.74) 102 (41.46) 1.00 (
1.00 (
85 (32.44) 42 (32.06) 1.00 (
1.00 (
1.04 (0.78-1.39) 1.13 (0.81-1.56) 167 (33.94) 102 (41.46) 0.99 (0.70-1.41) 1.14 (0.76-1.71) 84 (32.06) 48 (36.64) 1.15 (0.69-1.93) 1.07 (0.60-1.92)
0.57 (0.42-0.79) 0.62 (0.43-0.90) 159 (32.32) 42 (17.07) 0.43 (0.28-0.65) 0.44 (0.27-0.71) 93 (35.50) 41 (31.30) 0.89 (0.53-1.50) 0.97 (0.54-1.77)

1.00 (
1.00 (
165 (33.54) 88 (38.77) 1.00 (
1.00 (
86 (32.82) 45 (34.35) 1.00 (
1.00 (
1.05 (0.78-1.41) 1.23 (0.88-1.72) 165 (33.54) 103 (41.87) 1.17 (0.82-1.67) 1.34 (0.89-2.02) 87 (33.21) 37 (28.24) 0.81 (0.48-1.38) 0.98 (0.54-1.79)
0.78 (0.57-1.07) 0.85 (0.59-1.20) 162 (32.93) 55 (22.36) 0.64 (0.43-0.95) 0.69 (0.43-1.09) 89 (33.97) 49 (37.40) 1.05 (0.64-1.74) 1.07 (0.61-1.89)

Fully
adjusteda)

OR (95% CI)

Crude

Total (n=1,131)

Table 2. Associations of soy products with gastric cancer risk, stratified by gender

Cancer Res Treat. 2017;49(4):1044-1056

Criteria for tertile groups (total calorie intake adjusted); total soy product (g/day): T1  48.39, T2 48.39-86.20, T3 > 86.20; non-fermented soy product (g/day): T1 
42.95, T2 42.95-85.54, T3 > 85.54; legumes (g/day): T1  1.35, T2 1.35-3.19, T3 > 3.19; tofu (g/day): T1  20.47, T2 20.47-40.05, T3 > 40.05; soymilk (g/day): T1  4.24E9, T2 4.24E-9-3.55, T3 > 3.55; sprouts (g/day): T1  6.99, T2 6.99-15.89, T3 > 15.89; paste (g/day): T1  2.29, T2 2.29-5.78, T3 > 5.78; isoflavone (mg/day): T1  8.91, T2
8.91-17.39, T3 > 17.39. OR, odds ratio; CI, confidence interval; T, tertile. a)Adjusted by education, alcohol consumption, smoking status, Helicobacter pylori infection,
and regular exercise.

Isoflavone
T1 251 (33.29) 137 (36.34) 1.00 (
1.00 (
166 (33.74) 92 (37.40) 1.00 (
1.00 (
85 (32.44) 45 (34.35) 1.00 (
1.00 (
T2 252 (33.42) 144 (38.20) 1.05 (0.78-1.40) 1.13 (0.81-1.58) 162 (32.93) 100 (40.65) 1.11 (0.78-1.59) 1.14 (0.76-1.72) 90 (34.35) 44 (33.59) 0.92 (0.55-1.54) 1.06 (0.59-1.89)
T3 251 (33.29) 96 (25.46) 0.70 (0.51-0.96) 0.70 (0.49-1.00) 164 (33.33) 54 (21.95) 0.59 (0.40-0.89) 0.63 (0.40-0.99) 87 (33.21) 42 (32.06) 0.91 (0.54-1.53) 0.82 (0.45-1.49)

Fully
adjusteda)
Crude
Case
Control
Fully
adjusteda)
Crude
Case
Control
Fully
adjusteda)
Crude
Case
Control

No. (%)
No. (%)

Table 2. Continued

Total (n=1,131)

OR (95% CI)

No. (%)

Male (n=738)

OR (95% CI)

Female (n=393)

OR (95% CI)

Sarah Yang, Interleukin-Soy Interaction and Gastric Cancer

Results
Daily intakes (g/day) of total soy products, legumes, and
sprouts and isoflavone levels (mg/day) were higher in the
control group. There were no age or gender differences
between the cases and controls because the participants were
matched for frequency. The cases had a higher proportion of
H. pylori infection, nonregular physical exercisers, and current smokers and a lower proportion of college graduates
(Table 1).
Male individuals with the highest tertile total soy product
intake had a lower risk for gastric cancer than the lowest tertile group (OR, 0.64; 95% CI, 0.43 to 0.95) in the crude model,
but the association was null in the fully adjusted model. A
higher intake of nonfermented soy products was associated
with reduced cancer risk in the total population (OR, 0.62;
95% CI, 0.42 to 0.89), and the reduced risk was only apparent
in males (OR, 0.44; 95% CI, 0.27 to 0.71). However, a higher
intake of legumes, which is a subgroup of nonfermented soy,
was associated with reduced gastric cancer risk in the total
population (OR, 0.67; 95% CI, 0.47 to 0.96) and in females
(OR, 0.40; 95% CI, 0.21 to 0.73). Soymilk intake was also
inversely associated with gastric cancer risk, but a protective
effect of isoflavone was only observed in males (Table 2).
None of the interleukin genetic polymorphisms examined in
this study were independently associated with all-type gastric cancer risk (Table 3); however, increased diffuse-type
gastric cancer risk was observed for IL2 rs2069763, and IL13
rs6596090 was associated with mixed-type gastric cancer
(S2 Table).
A higher intake of nonfermented soy food among individuals with the C allele of rs2069762 displayed a significant
association (OR, 0.46; 95% CI, 0.31 to 0.68), whereas OR was
estimated as 0.84 (95% CI, 0.54 to 1.29) among AA homozygotes. The interacting effects for IL2 rs2069762 and nonfermented soy product intake were significant (pinteraction=0.039).
Several protective effects of nonfermented soy intake were
observed for groups stratified by other remaining interleukin
SNPs, but no significant interaction was observed. When the
effect was assessed according to histological type of cancer,
stronger evidence of an interaction between nonfermented
soy intake and rs2069762 was observed for intestinal-type
gastric cancer (pinteraction=0.001). A possible interaction
between nonfermented soy food and IL10 rs1800871 was also
observed for intestinal-type gastric cancer (pinteraction=0.033).
No significant interaction was found for diffuse-type, and
there was evidence of a marginal interacting effect between
nonfermented soy products and IL13 rs20541 (pinteraction=
0.050) for mixed-type gastric cancer (Table 4). No apparent
interaction was observed for total soy, isoflavone, and fermented paste when stratified by IL genetic variants (S3 Table).
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Table 3. Associations of interleukin genetic polymorphisms (dominant model) with gastric cancer risk
Gene

rs No.

IL10

rs1800871

IL2

rs2069763
rs2069762

IL13

rs6596090
rs20541

IL4R

rs7205663
rs1805010

No. (%)
Control
AA
G+
AA
C+
AA
C+
GG
A+
GG
A+
TT
C+
GG
A+

368 (48.81)
386 (51.19)
226 (29.97)
528 (70.03)
358 (47.73)
392 (52.27)
517 (70.24)
219 (29.76)
366 (48.54)
388 (51.46)
259 (34.35)
495 (65.65)
253 (33.55)
501 (66.45)

OR (95% CI)
Case

173 (45.89)
204 (54.11)
1111 (29.44)
266 (70.56)
165 (43.77)
212 (56.23)
255 (69.29)
113 (30.71)
185 (49.07)
192 (50.93)
126 (33.42)
251 (66.58)
126 (33.42)
251 (66.58)

Crude

Fully adjusteda)

1(
1.12 (0.88-1.44)
1(
1.03 (0.78-1.35)
1(
1.17 (0.92-1.51)
1(
1.05 (0.80-1.37)
1(
0.98 (0.76-1.25)
1(
1.04 (0.80-1.35)
1(
1.01 (0.77-1.31)

1(
1.06 (0.80-1.41)
1(
1.19 (0.88-1.62)
1(
1.23 (0.93-1.64)
1(
1.04 (0.77-1.43)
1(
0.86 (0.65-1.14)
1(
0.99 (0.73-1.33)
1(
0.95 (0.70-1.28)

OR, odds ratio; CI, confidence interval. a)Adjusted by education, alcohol consumption, smoking status, Helicobacter pylori
infection, and regular exercise.

The association between soy product intake, IL genetic
polymorphism, and gastric cancer risk was further analyzed
after stratification by H. pylori infection status (S4 TableS6 Table). For the association with each type of soy product,
only the H. pylori positive groups showed a protective association with nonfermented soy products, legumes, soymilk,
and isoflavone, which is consistent with the association
results for the total study population. However, uninfected
individuals did not display any significant association after
adjustment for covariates. Additionally, when the effect of
IL genetic polymorphisms was analyzed, IL2 rs2067962 had
a significant relationship with the disease among members
of the H. pylori infection–negative group (OR, 2.88; 95% CI,
1.14 to 7.26).

Discussion
Our findings demonstrate that the dietary intake of nonfermented soy food items was associated with a decrease in
gastric cancer risk, whereas there was no independent association between IL genetic polymorphisms and intestinaltype gastric cancer in contrast to the associations observed
for diffuse-type and mixed-type gastric cancer risk. Among
individuals with higher intake of nonfermented soy products, only those carrying the minor allele C of IL2 rs2069762
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showed a protective effect of soy against gastric cancer risk
compared to individuals with different genetic characteristics. This trend was more apparent for intestinal-type gastric
cancer risk than diffuse-type.
Gastric cancer is a common diet-related cancers with an
etiology that can be explained based on differences in environmental risk factors. Diet has been regarded as a complex
environmental factor, with diversity in the common diets of
each culture due to different major food sources, cooking or
storing methods, and recipes [11]. Soy products are abundantly used in Korean dishes, and soybeans and soybeanderived foods are a rich source of bioactive phytochemicals
with anti-inflammatory or anti-cancer activity in different
types of carcinogenesis [17]. Our study demonstrated that
consumption of nonfermented soy, including legumes and
soymilk, was associated with a significant decrease in gastric
cancer risk. However, there was no evidence of an association between gastric cancer risk and the intake of fermented
soy products, such as soybean paste, which is frequently
used in Korean recipes and known to have a high salt content. According to a comprehensive literature review published by the World Cancer Research Fund and the American
Institute for Cancer Research [18], salted and salty foods are
“probable” factors that increase the risk of gastric cancer, and
soy products are classified as “limited suggestive” foods to
decrease gastric cancer risk. Recommendations suggest that
the dietary intake of nonfermented soy products may provide greater preventive effects against gastric cancer than the

High

Low

High

Low

C+

High

Low

High

IL2 rs2069762
AA
Low

C+

High

IL2 rs2069763
AA
Low

G+

High

IL10 rs1800871
AA
Low

Gene Allele Soy
SNP group intake

184
99
1.00
(51.40) (60.00)
174
66
0.71
(48.60) (40.00) (0.49
-1.03)
192
144
1.00
(48.98) (67.92)
200
68
0.45
(51.02) (32.08) (0.32
-0.64)

120
69
1.00
(53.10) (62.16)
106
42
0.69
(46.90) (37.84) (0.43
-1.10)
257
174
1.00
(48.67) (65.41)
271
92
0.50
(51.33) (34.59) (0.37
-0.68)

185
112
1.00
(50.27) (64.74)
183
61
0.55
(49.73) (35.26) (0.38
-0.80)
192
131
1.00
(49.74) (64.22)
194
73
0.55
(50.26) (35.78) (0.39
-0.78)

0.46
(0.31
-0.68)

0.84
(0.54
-1.29)
1.00

1.00

0.53
(0.37
-0.75)

0.75
(0.44
-1.29)
1.00

1.00

0.70
(0.47
-1.04)

0.50
(0.33
-0.77)
1.00

1.00

Fully
adjusteda)

OR
(95% CI)

Control Case Crude

No. (%)

All types

0.039

.00

0.344

0.342

pinteraction

69
59
(48.25) (72.84)
74
22
(51.75) (27.16)

77
30
(53.47) (47.62)
67
33
(46.53) (52.38)

103
68
(49.52) (66.02)
105
35
(50.48) (33.98)

43
21
(53.75) (51.22)
37
20
(46.25) (48.78)

81
47
(52.26) (55.95)
74
37
(47.74) (44.05)

65
42
(48.87) (70.00)
68
18
(51.13) (30.00)

Control Case

No. (%)

0.28
(0.14
-0.57)

1.54
(0.76
-3.10)
1.00

1.00

0.48
(0.27
-0.86)

1.23
(0.51
-2.97)
1.00

1.00

0.98
(0.53
-1.82)

0.34
(0.16
-0.74)
1.00

1.00

Fully
adjusteda)

0.001

0.157

0.033

OR
(95% CI) pinteraction

Intestinal

76
54
(47.50) (62.07)
84
33
(52.50) (37.93)

67
41
(47.86) (64.06)
73
23
(52.14) (35.94)

92
71
(45.77) (62.83)
109
42
(54.23) (37.17)

52
24
(51.49) (63.16)
49
14
(48.51) (36.84)

64
52
(43.84) (69.33)
82
23
(56.16) (30.67)

80
43
(51.28) (56.58)
76
33
(48.72) (43.42)

Control Case

No. (%)

0.50
(0.27
-0.92)

0.63
(0.61
-1.30)
1.00

1.00

0.45
(0.26
-0.78)

0.77
(0.31
-1.94)
1.00

1.00

0.44
(0.23
-0.88)

0.69
(0.37
-1.31)
1.00

1.00

Fully
adjusteda)

0.626

0.391

0.226

OR
(95% CI) pinteraction

Diffuse

29
16
(48.33) (64.00)
31
9
(51.67) (36.00)

23
19
(51.11) (67.86)
22
9
(48.89) (32.14)

38
20
(49.35) (66.67)
39
10
(50.65) (33.33)

14
15
(48.28) (65.22)
15
8
(51.72) (34.78)

28
20
(50.00) (64.52)
28
11
(50.00) (35.48)

24
15
(48.00) (68.18)
26
7
(52.00) (31.82)

Control Case

No. (%)

0.72
(0.23
-2.28)

0.44
(0.13
-1.44)
1.00

1.00

0.66
(0.24
-1.81)

0.42
(0.10
-1.86)
1.00

1.00

0.71
(0.23
-2.17)

0.46
(0.14
-1.46)
1.00

1.00

Fully
adjusteda)

0.998

0.982

0.525

OR
(95% CI) pinteraction

Mixed

Table 4. Associations and interaction of interleukin genetic polymorphisms (dominant model) and non-fermented soy intake with gastric cancer risk stratified by histological type

Sarah Yang, Interleukin-Soy Interaction and Gastric Cancer
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High

Low

High

Low

High

Low

C+

High

Low

High

IL4R rs7205663
TT
Low

A+

IL13 rs20541
GG

A+

High

IL13 rs6596090
GG
Low

Gene Allele Soy
SNP group intake

Table 4. Continued

129
83
1.00
(49.81) (65.87)
130
43
0.51
(50.19) (34.13) (0.33
-0.80)
248
160
1.00
(50.10) (63.75)
247
91
0.57
(49.90) (36.25) (0.42
-0.78)

187
119
1.00
(51.09) (64.32)
179
66
0.58
(48.91) (35.68) (0.40
-0.83)
190
124
1.00
(48.97) (64.58)
198
68
0.53
(51.03) (35.42) (0.37
-0.75)

270
169
1.00
(52.22) (66.27)
247
86
0.56
(47.78) (33.73) (0.41
-0.76)
102
71
1.00
(46.58) (62.83)
117
42
0.52
(53.42) (37.17) (0.32
-0.82)

0.61
(0.43
-0.87)

0.60
(0.36
-1.00)
1.00

1.00

0.55
(0.37
-0.82)

0.63
(0.42
-0.96)
1.00

1.00

0.60
(0.35
-1.04)

0.58
(0.41
-0.82)
1.00

1.00

Fully
adjusteda)

OR
(95% CI)

Control Case Crude

No. (%)

0.955

0.549

0.972

pinteraction

All types

92
58
(49.46) (60.42)
94
38
(50.54) (39.58)

54
31
(52.94) (64.58)
48
17
(47.06) (35.42)

74
49
(49.33) (61.25)
76
31
(50.67) (38.75)

72
40
(52.17) (62.50)
66
24
(47.83) (37.50)

37
27
(48.05) (57.45)
40
20
(51.95) (42.55)

108
60
(53.20) (65.22)
95
32
(46.80) (34.78)

Control Case

No. (%)

0.70
(0.39
-1.26)

0.53
(0.23
-1.22)
1.00

1.00

0.65
(0.34
-1.26)

0.63
(0.31
-1.27)
1.00

1.00

0.69
(0.27
-1.73)

0.56
(0.31
-1.01)
1.00

1.00

Fully
adjusteda)

0.592

0.922

0.677

OR
(95% CI) pinteraction

Intestinal

101
62
(49.27) (62.00)
104
38
(50.73) (38.00)

43
33
(44.33) (64.71)
54
18
(55.67) (35.29)

70
45
(46.98) (63.38)
79
26
(53.02) (36.62)

74
50
(48.37) (62.50)
79
30
(51.63) (37.50)

40
31
(43.48) (64.58)
52
17
(56.52) (35.42)

101
63
(49.75) (62.38)
102
38
(50.25) (37.62)

Control Case

No. (%)

0.59
(0.34
-1.04)

0.52
(0.23
-1.17)
1.00

1.00

0.60
(0.31
-1.18)

0.48
(0.25
-0.91)
1.00

1.00

0.48
(0.20
-1.14)

0.56
(0.32
-0.97)
1.00

1.00

Fully
adjusteda)

0.710

0.724

0.856

OR
(95% CI) pinteraction

Diffuse

36
21
(50.70) (61.76)
35
13
(49.30) (38.24)

16
14
(45.71) (73.68)
19
5
(54.29) (26.32)

24
18
(43.64) (66.67)
31
9
(56.36) (33.33)

28
17
(54.90) (65.38)
23
9
(45.10) (34.62)

15
5
(45.45) (55.56)
18
4
(54.55) (44.44)

36
30
(51.43) (71.43)
34
12
(48.57) (28.57)

Control Case

No. (%)

0.58
(0.22
-1.57)

0.51
(0.08
-3.11)
1.00

1.00

0.27
(0.09
-0.85)

1.74
(0.42
-7.16)
1.00

1.00

0.65
(0.09
-4.79)

0.58
(0.22
-1.54)
1.00

1.00

Fully
adjusteda)

0.660

0.050

0.919

OR
(95% CI) pinteraction

Mixed
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High

Low

123
84
1.00
(48.62) (66.67)
130
42
0.47
(51.38) (33.33) (0.30
-0.74)
254
159
1.00
(50.70) (63.35)
247
92
0.60
(49.30) (36.65) (0.44
-0.81)
0.66
(0.46
-0.94)

0.51
(0.31
-0.85)
1.00

1.00

Fully
adjusteda)

OR
(95% CI)

Control Case Crude

No. (%)

0.400

pinteraction

All types

94
56
(50.00) (58.33)
94
40
(50.00) (41.67)

52
33
(52.00) (68.75)
48
15
(48.00) (31.25)

Control Case

No. (%)

0.84
(0.47
-1.51)

0.37
(0.16
-0.88)
1.00

1.00

Fully
adjusteda)
0.129

OR
(95% CI) pinteraction

Intestinal

99
67
(48.29) (64.42)
106
37
(51.71) (35.58)

45
28
(46.39) (59.57)
52
19
(53.61) (40.43)

Control Case

No. (%)

0.55
(0.31
-0.97)

0.63
(0.28
-1.42)
1.00

1.00

Fully
adjusteda)
0.827

OR
(95% CI) pinteraction

Diffuse

38
19
(53.52) (59.38)
33
13
(46.48) (40.63)

14
16
(40.00) (76.19)
21
5
(60.00) (23.81)

Control Case

No. (%)

0.79
(0.29
-2.13)

0.29
(0.06
-1.46)
1.00

1.00

Fully
adjusteda)
0.288

OR
(95% CI) pinteraction

Mixed

Criteria for high and low non-fermented soy product intake groups (total calorie intake adjusted, g/day): low  64.51, high > 64.51. OR, odds ratio; CI, confidence
interval. a)Adjusted by age, sex, education, alcohol consumption, smoking status, Helicobacter pylori infection, and regular exercise.

A+

High

IL4R rs1805010
GG
Low

Gene Allele Soy
SNP group intake

Table 4. Continued
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consumption of fermented soy products that include high
levels of salt, such as preserved vegetables and condiments
(e.g., Kimchi, pickles, soy sauce, doenjang) according to traditional Korean recipes. Stratification of our results by H.
pylori infection status suggest that the anti-inflammatory and
anti-oxidative effects of soy intake (e.g., nonfermented soy
product, legumes, soymilk, and isoflavone) are helpful for
individuals who are already susceptible to chronic inflammation or gastritis due to H. pylori infection. We hypothesized that dietary nonfermented soy intake may reduce the
risk of gastric cancer by modulating immune parameters in
favor of anti-cancer immune responses in humans [4,19]. Soy
is well known as a beneficial food containing phytochemicals
(e.g., isoflavone) that have anti-inflammatory and anti-oxidative effects. Phytochemicals generated in plants may overcome inflammation and infection by immune modulation
through its components [20]. Specifically, soy is known to
potentiate immunological functions of lymphocyte proliferation, cellular and humoral immune responses, thymocyte
differentiation, and tumor immunity [21]. We expected that
soy isoflavone would benefit individuals by inhibiting the
progression of inflammation and gastric carcinogenesis
through the anti-carcinogenic properties of phytochemicals
(e.g., phytoestrogens) [22]. Our findings demonstrate that the
intake of soy isoflavone is associated with a decrease in gastric cancer risk, particularly in males, whereas there was no
association of risk in females. Moreover, reduced gastric cancer risk was shown in females consuming legumes, although
no association was observed in males. Further studies are
required to support the role of soy phytochemicals as phytoestrogens in association with gastric cancer and to reveal
the related biological mechanism, gender difference, and
genetic susceptibility.
Genetic variants encoding cytokines may influence an
individual’s inflammatory response and health or clinical
outcomes [4]. Genetic polymorphisms of cytokines have been
associated with variations in the level of transcription and
expression of cytokines that can exert activities in human diseases [23]. Many candidate gene studies have been conducted, and the results have indicated that polymorphisms
in cytokine genes influence the susceptibility to gastric cancer
and clinical outcomes (e.g., the course, symptoms, and treatments related to gastric cancer) [23,24]. Cytokine production
generated by immune and inflammatory cells is one of the
major tumor-promoting mechanisms. Cytokines can have
either pro- or anti-inflammatory activity and may be
involved in immunomodulatory activity depending on the
microenvironment [24]. The immunomodulatory response is
served by the balance between anti-inflammatory cytokines
(e.g., IL4, IL10, and IL13) and pro-inflammatory cytokines
(e.g., IL2) [25]. With regard to gastric cancer, cytokine polymorphisms of the host are the most studied risk factor and
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result in an increased risk of gastric cancer by decreasing the
anti-inflammatory host reaction or increasing the pro-inflammatory response [26]. We hypothesized that the risk for gastric cancer may be modified by IL genetic variations, which
result in differences in immunomodulatory activity among
individuals. Independent risk associations between IL polymorphisms and intestinal-type gastric cancer were not
observed in this study, but an association between IL2 rs2069763 and diffuse-type gastric cancer risk was observed. Different effects of IL genetic polymorphisms for different
histological types of gastric cancer are anticipated since the
etiology of cancer development is diverse [7,27]. Diffuse-type
gastric cancer is more closely associated with genetic susceptibility, whereas environmental factors, such as lifestyle and
dietary patterns, reportedly have a greater influence on
intestinal-type gastric cancer [27,28]. In addition, the genetic
susceptibility to immune responses may be a strong risk factor for the development of gastric cancer among individuals
without H. pylori infection.
A suggestive interaction was detected between nonfermented soy intake and IL2 polymorphism (rs2069762) for
gastric cancer risk, especially for intestinal-type. The IL2 gene
is an important cytokine family member that plays a critical
role in carcinogenesis through the proliferation of activated
T lymphocytes and participates in termination of the lymphocyte response by inducing suppressive T cells [29]. The
IL2 gene polymorphism, which is associated with an
increased risk of gastric atrophy induced by H. pylori infection, might predispose individuals to gastric cancer [10]. Previous studies have investigated the association between
rs2069762 polymorphism and cancer risk, but the results
remain controversial [10,29]. We found a suggestive interactive effect between by rs2069762 and nonfermented soy consumption on intestinal-type gastric cancer risk, which suggests a possible interactive role between soy phytochemicals
and the pro-inflammatory properties of IL2 cytokines. No
previous epidemiological studies have examined the effects
of the interaction between soybean product intake and IL2
genetic variants on modification of gastric cancer risk, which
is one of the strengths of this study. rs1800871 of IL10 also
showed a suggestive interacting effect with nonfermented
soy product intake on intestinal-type gastric cancer risk,
which confirms the results of a previous study that examined
the interactive effect between soy and IL10 [30] and suggested a possible interaction between the anti-inflammatory
properties of cytokines and soybean products. Further epidemiological and experimental studies are required to support this unclear interactive effect.
It should be noted that this study has several strengths
and limitations. The dietary data used in the analysis were
more robust than those employed in previous studies focusing on the interactive effect between soy consumption and

Sarah Yang, Interleukin-Soy Interaction and Gastric Cancer

inflammatory genes with regard to gastric cancer risk. In
addition, the dietary data included various types of soy
products that were all quantitatively comparable (e.g.,
g/day), whereas similar studies utilized dietary data that
represented only the frequency of intake (e.g., times per
week). Although the dietary data including detailed soy
items strengthened this study, recall or reporting bias may
be present. Thus, this study was limited with regard to representing changes in dietary or lifestyle habits due to illness
(whether the change preceded of followed illness). Additionally, our statistical p-values were not significant if a strict
multiple comparison adjustment was applied. Nonetheless,
our findings imply a suggestive interaction between soy
intake and IL2 genotypes.
In conclusion, our study of a Korean population suggested
that the interaction between IL2 rs2069762 and nonfermented
soy intake may modify the risk of gastric cancer. The findings
of this study suggest that an interaction between a variant of
the IL2 gene and phytochemicals in nonfermented soy products has a preventative effect on gastric cancer, and that this

observation may support the promotion of dietary intervention against gastric cancer on the basis of potential geneenvironment interactions. Further studies are required to
replicate the results and to clarify the corresponding biological mechanisms involved in gastric carcinogenesis.
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Gonadal and Sexual Dysfunction in Childhood Cancer Survivors

Purpose
Few studies have addressed gonadal and sexual dysfunctions in childhood cancer survivors.
We evaluated the prevalence rates and risk factors for gonadal failure among adolescent/
young adult childhood cancer survivors and their sexual function.

Ju Young Yoon, MD1,a
Hyeon Jin Park, MD, PhD1
Hee Young Ju, MD1
Jong Hyung Yoon, MD1,b
Jin Soo Chung, MD, PhD2
Sang Hyun Hwang, MD, PhD3,c
Dong Ock Lee, MD4
Hye Young Shim, PhD5
Byung-Kiu Park, MD, PhD1

Materials and Methods
Subjects were childhood cancer survivors aged 15-29 years who had completed therapy
more than 2 years ago. Demographic and medical characteristics were obtained from the
patients’ medical records. In addition, hormonal evaluation and semen analysis were performed and sexual function was evaluated via questionnaire.
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4
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5
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Results
The study included 105 survivors (57 males, 48 females), of which 61 were adults (age >
19 years) and 44 were adolescents. In both males and females, the proportion of survivors
with low sex hormone levels did not differ among age groups or follow-up period. Thirteen
female subjects (27.1%) needed sex hormone replacement, while five males subjects (8.8%)
were suspected of having hypogonadism, but none were receiving sex hormone replacement. Of 27 semen samples, 14 showed azospermia or oligospermia. The proportion of
normospermia was lower in the high cyclophosphamide equivalent dose (CED) group (CED
 8,000 mg/m2) than the low CED group (27.3% vs. 62.5%, p=0.047). Among adults, none
were married and only 10 men (35.7%) and eight women (34.3%) were in a romantic relationship. Though a significant proportion (12.0% of males and 5.3% of females) of adolescent survivors had experienced sexual activity, 13.6% had not experienced sex education.
Conclusion
The childhood cancer survivors in this study showed a high prevalence of gonadal/sexual
dysfunction; accordingly, proper strategies are needed to manage these complications.
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Introduction
According to the 2011 Korea National Cancer Incidence
Database, the 5-year event-free survival rate of Korean children aged 0 to 14 years with cancer between 2007 and 2011
was 78.2% [1]. As the survival rates for childhood cancer
increase, the number of survivors with long-term complications is also increasing.
One of the important late complications of cancer survivors is gonadal dysfunction. In adult survivors of childhood lymphoma, gonadal failure was reported in 11% of
males and 44% of females [2]. In female childhood cancer
survivors, the risk of premature menopause was 13.2 times
higher than for their siblings (8% vs. 0.8%) [3]. Spermatogenesis also can be impaired in childhood cancer survivors.
Specifically, applying radiation to the testes or treatment
with alkylating agents are known risk factors of impaired
spermatogenesis. In a recent study, azospermia was reported
in 25% of childhood cancer survivors who received an alkylating agent [4]. Sexual dysfunction is also an important complication that can affect quality of life, but its effects have
rarely been evaluated in childhood cancer survivors. Moreover, few studies have investigated both gonadal and sexual
dysfunction, even though these complications tend to occur
concurrently and may influence each other. Therefore,
gonadal and sexual function of childhood cancer survivors
were evaluated in this study.

also reviewed to gather data about radiation area and dose.
Information regarding chemotherapy agents used for each
patient was obtained from chemotherapy records. Cyclophosphamide equivalent dose (CED) was calculated according to the following formula: CED (mg/m2)=1.0 (cumulative
cyclophosphamide dose [mg/m2])+0.244 (cumulative ifosfamide dose [mg/m2])+0.857 (cumulative procarbazine dose
[mg/m2])+14.286 (cumulative chlorambucil dose [mg/m2])
+15.0 (cumulative carmustine dose [mg/m2])+16.0 (cumulative lomustine dose [mg/m2])+40 (cumulative melphalan
dose [mg/m2])+50 (cumulative thiotepa dose [mg/m2])+100
(cumulative chlormethine dose [mg/m2])+8.823 (cumulative
busulfan dose [mg/m2]), as suggested in a previous study
[5].
Hormonal evaluation included follicle-stimulating hormone (FSH), luteinizing hormone (LH), and testosterone or
estradiol. In females, the anti-mullerian hormone (AMH)
level was also evaluated. To accomplish this, we used electrochemiluminescent immunoassay for FSH/LH, chemiluminescent immunoassay for estradiol, radioimmunoassay
for testosterone, and enzyme-linked immunosorbent assay
for AMH level.
Male participants collected their semen via masturbation,
and samples were processed within 30 minutes of collection.
As part of the analysis, semen amount and sperm concentration was checked and the morphology and motility of sperm
were evaluated. Azospermia was defined as no sperm
observed, and oligospermia was defined as a sperm concentration of less than 15106/mL based on the World Health
Organization reference values [6].

Materials and Methods

3. Questionnaire

1. Subjects
This study includes patients who visited an outpatient
clinic of the Center for Pediatric Cancer of the National Cancer Center in Korea. Patients were less than 20 years old
when diagnosed with cancer and were between 15 and 30
years old during the period when this study was conducted.
More than 2 years had passed since the completion of therapy, and there was no evidence of recurrence. This study
recruited data describing childhood cancer survivors who
visited the hospital between July 2013 and February 2016.
The Institutional Review Board of the National Cancer Center approved the study protocol (NCCNCS13741).
2. Procedure
Demographic and medical characteristics were obtained
from the patient medical records. Radiation records were
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Questionnaires were presented to participants when they
visited our clinic, and were returned either immediately at
the clinic or later via mail. Four types of questionnaires were
administered, for adolescents younger than 19 years old,
adult men, adult women, and parents. Each questionnaire
contained questions about quality of life and health behavior.
In addition, questions about sexual function were included
in questionnaires for adult men and women. Questions
regarding sexual function included questions from previously validated questionnaires about male erectile function
(Korean version of the International Index of Erectile Function [IIEF-5]) [7,8] and about female sexual function (Koreanversion of the Female Sexual Function Index [FSFI]) [9,10].
Both of these questionnaires are supplied as supplementary
tables (S1 and S2 Tables). For adolescents, questions from the
8th Korean Youth Risk Behavior Web-based Survey were
used [11]. Survivors were also asked if they had received
official sex education from a school teacher or other provider.

25 (92.6)
1 (3.7)
1 (3.7)
15 (55.6)
5 (18.5)
2 (7.4)
1 (3.7)
4 (14.8)

90 (85.7)
8 (7.6)
7 (6.7)
66 (62.9)
20 (19.0)
5 (4.8)
4 (3.8)
10 (9.5)
2 (7.4)
2 (7.4)
12 (44.4)
11 (40.7)

5 (18.5)
7 (25.9)
5 (18.5)
10 (37.0)
0(
25 (92.6)

23 (21.9)
17 (16.2)
18 (17.1)
46 (43.8)
1 (1.0)
86 (81.9)

19 (18.4)
12 (11.7)
32 (31.1)
40 (38.8)

27 (100)
-

20.8 (16.0-25.7)
14.5 (7.1-19.3)
6.3 (2.6-11.1)
5.2 (2.0-10.7)

Semen analysis
participant
(n=27)

57 (54.3)
48 (45.7)

19.7 (15.0-26.5)
13.3 (0.9-22.6)
6.5 (2.2-22.9)
5.2 (2.0-12.6)

All patients
(n=105)

6 (20.0)
3 (10.0)
10 (33.3)
11 (36.7)

18 (60.0)
8 (26.7)
0(
1 (3.3)
3 (10.0)

24 (80.0)
4 (13.3)
2 (6.7)

4 (13.3)
6 (20.0)
7 (23.3)
12 (40.0)
1 (3.3)
24 (80.0)

30 (100)
-

19.0 (15.2-26.0)
12.6 (0.9-18.9)
6.4 (2.6-14.2)
5.4 (2.2-12.6)

Semen analysis
non-participant
(n=30)

Male

0.526

0.565

0.368

0.258

0.818

-

0.027*
0.098
0.913
0.792

p-value

Questionnaire
responder
(n=50)

11 (23.9)
7 (15.2)
10 (21.7)
18 (39.1)

33 (68.8)
7 (14.6)
3 (6.3)
2 (4.2)
3 (6.3)

3 (6.3)
4 (8.3)

14 (29.2)
4 (8.3)
6 (12.5)
24 (50.0)
0(
37 (77.1)

48 (100)

6 (12.2)
4 (8.2)
17 (34.7)
22 (44.9)

31 (62)
10 (20.0)
3 (6.0)
2 (4.0)
4 (8.0)

44 (88.0)
3 (6.0)
3 (6.0)

9 (18.0)
5 (10.0)
8 (16.0)
27 (54.0)
1 (2.0)
44 (88.0)

27 (54.0)
23 (46.0)

19.6 (15.0-26.5) 22.0 (19.1-26.0)
13.0 (2.2-22.6) 15.5 (2.2-19.3)
6.6 (2.2-22.9)
6.5 (2.5-22.9)
5.1 (2.0-10.4)
5.2 (2.0-10.7)

Female
(n=48)

2 (18.2)
1 (9.1)
4 (36.4)
4 (36.4)

7 (63.6)
1 (9.1)
0(
2 (18.2)
1 (9.1)

9 (81.8)
1 (9.1)
1 (9.1)

2 (18.2)
4 (36.4)
1 (9.1)
4 (36.4)
0(
9 (81.8)

5 (45.5)
6 (54.5)

21.9 (19.0-26.5)
15.5 (10.5-22.6)
6.4 (3.4-10.3)
4.6 (2.3-10.3)

Questionnaire
non-responder
(n=11)

Adult

0.939

0.401

0.860

0.627

0.257

0.607

0.883
0.981
0.917
0.568

p-value

Values are presented as mean (range) or number (%). SCT, stem cell transplantation; PBSCT, peripheral blood stem cell transplantation; RT, radiation therapy; TBI,
total body irradiation; CED, cyclophosphamide equivalent dose. *p < 0.05. a)Data were not available for two patients.

Age at study (yr)
Age at first diagnosis (yr)
Time since diagnosis (yr)
Time since off therapy (yr)
Sex
Male
Female
Diagnosis
Leukemia
Lymphoma
Brain tumors
Solid tumors
Histiocytosis
Alkylating agent
Stem cell transplantation
No SCT
Auto PBSCT
Allo PBSCT
RT
No RT
Cranial irradiation
TBI
Abdomen-pelvis RT
Other
CED (mg/m2)a)
No alkylating agent
< 4,000
4,000-8,000
 8,000

Characteristic

Table 1. Demographic and medical characteristics of participants
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Table 2. Gonadal function of females (n=48)
Age at diagnosis (yr)

All females
Gonadal function
Gonadotropin deficiencya)
AMH < 1.19 ng/mL
Sex hormone replacement

Time since off therapy (yr)

(n=48)

< 13.1
(n=24)

 13.1
(n=24)

p-value

<5
(n=30)

1(
24 (51.1)
13 (27.1)

1(
11 (47.8)
6 (25.0)

0(
13 (54.2)
7 (29.2)

0.773
0.745

0(
16 (53.3)
8 (26.7)

5
(n=18)
1(
8 (44.4)
5 (27.8)

p-value
0.679
1.000

Values are presented as number (%). AMH, anti-mullerian hormone. a)Evaluated in only one patient.

Table 3. Gonadal function of males
Age at diagnosis (yr)

All males
Gonadal function
Testosterone < 325 ng/dL
Testis volume < 15 cm3,a)
Sex hormone replacement

(n=57)

< 14.6
(n=27)

5 (8.8)
5 (8.8)
0(

2 (7.4)
1 (3.7)
0(

 14.6
(n=30)
3 (10.0)
4 (13.3)
0(

Time since off therapy (yr)

p-value
1.000
0.588
-

<5
(n=31)
3 (9.7)
5 (16.1)
0(

5
(n=26)

p-value

2 (7.7)
0(
0(

1.000
0.026*
-

Values are presented as number (%). *p < 0.05. a)Evaluated in 16 patients.

4. Statistical analysis
Demographic and treatment characteristics of participants
were assessed using descriptive statistics. For comparison of
continuous variables among groups, an independent t test
was used. A chi-squared test and Fisher exact test were used
for comparison of categorical variables. SPSS ver. 20 (IBM
Corp., Armonk, NY), was used for all quantitative analyses.
p-values less than 0.05 were considered significant.

Results
1. Patient characteristics
This study included survivors who visited the hospital
between July 2013 and February 2016 (n=105). Of the 105 survivors, 92 responded to the questionnaire (response rate,
78.6%). Among 61 adults, 50 replied to the questionnaire.
Overall, 27 males agreed to the semen analysis.
Demographic and treatment characteristics of participants
are presented in Table 1. CED was calculated for all patients
who received an alkylating agent, except for two female
patients who received chemotherapy at an outside hospital
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for whom information about the doses of alkylating agents
could not be obtained. Semen analysis participants were
older than non-participants (p=0.027), and there were no
other differences between semen analysis participants and
non-participants or between questionnaire responders and
non-responders (Table 1).
2. Gonadal function of females
Among 48 females, 13 (27.1%) required sex hormone
replacement; 10 were already receiving sex hormone therapy
before our study, and three had newly started sex hormone
replacement because of amenorrhoea/oligomenorrhoea due
to low estradiol levels. One woman showed gonadotropin
deficiency in the gonadotropin-releasing hormone (GnRH)
stimulation test. The AMH level was below 1.19 ng/mL (fifth
percentile cut-off value for Korean women aged 20-31) in 24
women (51.1%). Among women receiving hormone replacement, 11 (84.6%) had an AMH level less than 1.19 ng/mL.
Among seven females who received stem cell transplantation, six (85.7%) received sex hormone replacement (data not
shown). We divided female survivors into two groups
according to median age (13.1 years), and there was no difference in gonadal function between groups. There was also
no difference when the results were divided into follow-up
periods of 5 years (Table 2).
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Table 4. Semen profile
Semen
Normospermia
Oligospermia
Azospermia

All semen analysis
participants (n=27)

CED  8,000 mg/m2
(n=11)

CED < 8,000 mg/m2
(n=16)a)

13 (48.1)
3 (11.1)
11 (40.7)

3 (27.3)
1 (9.1)
7 (63.6)

10 (62.5)
2 (12.5)
4 (25)

Values are presented as number (%). CED, cyclophosphamide equivalent dose. a)Including two semen analysis participants
who had not received alkylating agent.

Table 5. Sexual function of adult survivors ( 19 years)
Variable
Boy/Girlfriend
Married
Sexual activity within
the past montha)
0-1 per week
2-3 per week
4-7 per week
No reply
Erectile dysfunctionb)

Male (n=28)

Female (n=23)

10 (35.7)
0(

8 (34.8)
0(

11 (39.3)
7 (25.0)
1 (3.6)
9 (32.1)
2 (20)

8 (34.8)
5 (21.7)
0(
10 (43.5)

Values are presented as number (%). a)Sexual activity
included not only sexual intercourse, but also kissing/
caressing, b)Erectile dysfunction was evaluated in 10 males
who had a girlfriend.

3. Gonadal function of males
Among the 57 male participants, five (8.8%) had testosterone level below 325 ng/dL, suggestive of male hypogonadism (Table 3). Additionally, five males had testis volumes
of less than 15 cm3. All five survivors with small testis volumes had normal testosterone levels, but four of them had
azoospermia (data not shown). None of the male participants
was receiving sex hormones. When divided into two groups
according to median age (14.6 years), no difference in
gonadal function was observed. However, when divided
into follow-up durations of 5 years, all five males with testis
volumes of less than 15 cm3 were in the group with a followup period of less than 5 years (Table 3).
Semen analysis was performed for 27 males, and azospermia and oligospermia were observed in 11 (37.5%) and three
(12.5%) of the semen analysis participants, respectively. We
further divided semen analysis participants into two groups
according to CED (high CED [CED  8,000 mg/m2] vs. low

Table 6. Sexual function of adolescent survivors (15-18
years)
Variable

Male (n=25)
b)

Experience of
sexual activitya)
Experience of
sex education

Female (n=19)

3 (12.0)

1 (5.3)b)

21 (84.0)

17 (89.5)

Values are presented as number (%). a)Sexual activity
included not only sexual intercourse, but also kissing/
caressing, b)Reference value for healthy high school students: 9.8% for males and 3.5% for females (from the 11th
Korean Youth Risk Behavior Web-based Survey in 2015)
[12].

CED [CED < 8,000 mg/m2]). The proportion of normospermia was lower in the high CED group than in the low CED
group (27.3% vs. 62.5%, p=0.047) (Table 4). Both males who
had never used an alkylating agent showed normospermia.
4. Sexual function of survivors
Sexual function of adult survivors is listed in Table 5.
Among 50 adults, 27 males and 23 females replied to questionnaire. None of the adult survivors were married,
although ten males and eight females were in a relationship.
Among 10 males who had a girlfriend, two (20%) had severe
erectile dysfunction (IIEF score  7) (Table 5). Questions
regarding the FSFI are supplied in S2 Table.
Sexual function of adolescent survivors was evaluated in
25 males and 19 females. While adolescent survivors had
similar experiences with sexual activity as normal high
school students, six (13.6%) had not received any kind of sex
education (Table 6).
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Discussion
In this study, the gonadal and sexual function of adolescent and young adult childhood cancer survivors was evaluated. Gonadal failure is classified into central hypogonadism
(due to gonadotropin deficiency) and primary hypogonadism. Childhood cancer survivors are at increased risk of
both central and primary hypogonadism because of radiation and chemotherapy. It is not possible to clearly distinguish central from primary hypogonadism because a GnRH
stimulation test was only performed for one female in our
study. However, it is believed that many patients have combined central and primary gonadal failure since 17 (16.2%)
had received both brain radiation and gonadotoxic chemotherapy (data not shown).
Among female participants, 27.1% were taking sex hormones due to ovarian failure. Among female participants of
the Childhood Cancer Survivor Study, acute ovarian failure
was reported in 215 of 3,390 females (6.3%) [13], and 125 of
2,819 (4.5%) had premature ovarian failure [14]. Our higher
prevalence of ovarian failure is partially explained by the relatively high prevalence of survivors who received alkylating
agents. In previous studies, the proportion of participants
who had received alkylating agents was 49.7% and 48.4%,
respectively [13,14], lower than that in our study.
AMH is used as a marker to evaluate ovarian function
because it is not affected by menstrual cycle or exogenous
estrogen. Although AMH is not yet recommended as a routine screening tool for gonadal function in childhood cancer
survivors, it is believed to be a useful marker to evaluate
ovarian reserve in female childhood cancer survivors, especially in those at risk for ovarian failure. Lunsford et al. [15]
suggested that AMH could be the optimal screening method
for assessing ovarian reserve in childhood cancer survivors.
AMH levels vary according to age, and a cut-off value has
not been established. Our study used reference values for
normal Korean females reported in 2011 [16]. Based on this
reference, the AMH level was below the third percentile in
24 (51.1%) women. This cut-off value seems reasonable
because 45.8% of patients (11 of 24) with an AMH below this
level required hormone replacement due to amenorrhoea.
No male participants had received hormone replacement
therapy. The decision to undergo sex hormone replacement
may have been more difficult for men than women because
there is no clinical indicator of gonadal function, such as
menstruation. Testis volume can be a useful marker for
gonadal function in males and is known to be related to
semen profiles in normal and infertile men [17-19]. In our
study, all males with a testis volume less than 15 cm3 had a
follow-up period of less than 5 years, suggesting a relationship between follow-up period and testis volume. However,
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the number of patients was too small to evaluate the relationship between follow-up period and testis volume; therefore,
a longitudinal study involving a larger number of survivors
is required. In addition to symptoms directly associated with
androgen deficiency, gonadal failure in males can result in
an increased risk of osteoporosis and metabolic disorders
[20,21]. Therefore, we should pay special attention to the
management of male hypogonadism. It is recommended that
adolescent or young adult childhood cancer survivors
treated with gonadotoxic therapy be monitored annually for
symptoms of androgen deficiency, including decreased
libido, decreased erections, and reduced testicular volume
[22].
Risk of gonadal failure is also associated with age at diagnosis or pubertal stage at diagnosis. In females, exposure of
the ovaries to chemotherapy or radiotherapy at older age
was a significant risk factor for ovarian failure in a previous
study [3]. In the present study, the prevalence of ovarian failure did not differ according to age group. However, this
result can be influenced by a shorter follow up period in
older age groups (6.2 years vs. 3.9 years, p=0.002), and longterm follow-up data is required to evaluate the relationship
clearly. In males, radiosensitivity is higher in prepubertal
boys than adult men; therefore, the testicular irradiation dose
inducing Leydig cell dysfunction is lower in prepubertal subjects than males after puberty [23]. As a result, we assumed
that more survivors who received radiation or gonadotoxic
chemotherapy in the prepubertal stage had gonadal failure
than those who received it at the pubertal or post-pubertal
stage. The pubertal stage at diagnosis was not recorded in all
patients, so we instead used the median age to divide survivors into two groups, between which no difference in
prevalence of gonadal failure was observed. However, additional studies accurately examining pubertal status and
investigating its relationship with gonadal function are
required.
Fertility after male childhood cancer is most often evaluated based on sperm count determined by semen analysis.
In the present study, half of the patients who underwent
semen analysis showed azospermia or oligospermia. In a
previous report that described the semen profiles of 214 adult
childhood cancer survivors, azospermia or oligospermia was
reported in 25% and 48% of study participants, respectively,
which is similar to our findings [4]. In male childhood cancer
survivors, chemotherapeutic agents, especially alkylating
agents, surgery, or radiation to the testes, can impair spermatogenesis. Green et al. [5] proposed CED as an estimation
of alkylating agent exposure. In another study conducted by
Green et al. [4], CED was significantly associated with an
increased risk of azospermia and oligospermia. In the present study, consistent with previous findings, azo/oligospermia was more common in the high CED group than the low
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CED group.
Sexual dysfunction in childhood cancer survivors can
result from impairment of any process associated with sexual
intercourse such as desire, erection, ejaculation, or orgasm.
Surgery or irradiation (especially of the pelvis), hormonal
insufficiencies, and medical comorbidities are possible etiologies of sexual dysfunction in childhood cancer survivors
[24]. In a previous study of 282 young childhood cancer survivors, 52% of females and 32% of males had a problem in
one or more areas of sexual function [25].
Proper sex education is required for childhood cancer survivors and their partners’ health and quality of life. In our
study, more than 10% of adolescent survivors had not
received official sex education, indicating that strategies to
provide such education are needed.
The most important aspect of our study is that we evaluated gonadal function, sexual function, and romantic relationships altogether, whereas most previous studies have
investigated only of these areas. Although one previous
study examined both gonadal and sexual function in childhood cancer survivors, it included only male survivors [26].
It should be noted that our study was limited in that the
participants were uniformly young, with many in their early
20s. Additionally, none of the participants were married.
Taken together, these factors may have led to underestimation of sexual function. Another limitation is that the followup duration after treatment was short and no longitudinal
follow-up was conducted. A previous study reported that
8% of 2,819 female childhood cancer survivors experienced
premature menopause before the age of 40 [4]. In another
study that followed hematopoietic stem cell recipients

(median follow-up of 7.2 years), the cumulative incidence of
ovarian failure was 56% [27]. Longitudinal follow-up studies
should be continued considering the rapid changes in treatment regimen favoring gonad protection.
Moreover, evaluation of sexual function was limited to
simple questions about sexual activity, satisfaction and erectile dysfunction. Longitudinal long-term follow-up studies
and more detailed investigation of other aspects of sexual
function and consideration of the risk factors of sexual dysfunction should be investigated in future studies.
In conclusion, the childhood cancer survivors in this study
showed a high prevalence of gonadal/sexual dysfunction.
Accordingly, proper strategies for managing these complications, including appropriate sex education, should be
established to improve their quality of life.
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Prevalence of Mutations in Discoidin Domain-Containing Receptor
Tyrosine Kinase 2 (DDR2) in Squamous Cell Lung Cancers
in Korean Patients
Purpose
The discoidin domain-containing receptor tyrosine kinase 2 (DDR2) is known to contain
mutations in a small subset of patients with squamous cell carcinomas (SCC) of the lung.
Studying the DDR2 mutations in patients with SCC of the lung would advance our understanding and guide the development of therapeutic strategies against lung cancer.
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Materials and Methods
We selected 100 samples through a preliminary genetic screen, including specimens from
biopsies and surgical resection, and confirmed SCC by histologic examination. DDR2 mutations on exons 6, 15, 16, and 18 were analyzed by Sanger sequencing of formalin-fixed,
paraffin-embedded tissue samples. The functional effects of novel DDR2 mutants were confirmed by in vitro assays.
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Results
We identified novel somatic mutations of DDR2 in two of the 100 SCC samples studied.
One mutation was c.1745T>A (p.V582E) and the other was c.1784T>C (p.L595P), and both
were on exon 15. Both patients were smokers and EGFR/KRAS/ALK-triple negative. The
expression of the mutant DDR2 induced activation of DDR2 by the collagen ligand and
caused enhanced cell growth and tumor progression. Moreover, dasatinib, a DDR2 inhibitor,
showed potential efficacy against DDR2 L595P mutant–bearing cells.
Conclusion
Our results suggest that a mutation in DDR2 occurs naturally with a frequency of about 2%
in Korean lung SCC patients. In addition, we showed that each of the novel DDR2 mutations
were located in a kinase domain and induced an increase in cell proliferation rate.
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Introduction
Lung cancer is the second most common cancer worldwide, and about 14% of all new cancer patients have lung
cancer. In 2010, about 222,500 new cases were reported, and
about 157,300 people died from lung cancer in the United
States [1,2]. The high mortality of lung cancer may be attributed to the fact that 70% of lung cancer patients are at an
advanced stage (stage IV) of the disease at initial diagnosis,
and therefore incurable [3]. About 85% of lung cancer cases
are non-small cell lung cancers (NSCLC), which are classified
into adenocarcinomas (ADC), squamous cell carcinomas
(SCC), and large cell carcinomas based on the major histological subtype [2]. Until recently, the various subtypes of
NSCLC were grouped together for the purpose of treatment,
but it is now widely known that different histologic subtypes
should be treated as separate disease entities [2,4]. SCC is the
second most prevalent type of lung cancer. However,
because the molecular pathogenesis of this disease is not well
understood, no approved targeted therapeutics are available
for its treatment [5]. Therefore, performing comparative
analyses of lung SCCs and identifying potential therapeutic
targets would lead to significant growth in cancer treatments.
As a result, a great amount of progress has been made in
studies and clinical trials to develop targeted treatments for
lung cancer patients. Mutations in the epidermal growth factor receptor (EGFR) and KRAS are the most common causes
of lung cancer [6], and although the frequency of echinoderm
microtubule-associated protein-like 4–anaplastic lymphoma
kinase (EML4-ALK) rearrangements in NSCLC is low, ALK
rearrangements have been reported to be successful targets
of specific tyrosine kinase inhibitors such as crizotinib and
ceritinib [7]. Mutations of human epidermal growth factor
receptor 2 (HER2) and tyrosine-protein kinase MET, have
also been found in NSCLCs, but they are rare and their significance is unclear [8,9]. A recent study reported amplified
fibroblast growth factor receptor 1 (FGFR1) in 10%-20% of
SCCs, suggesting that targeting FGFR1 might be a promising
therapeutic strategy [10]. However, FGFR inhibitors are not
currently in clinical use for the treatment of lung cancers [11].
The use of histone deacetylase inhibitors for SCC treatment
has been suggested, as they induced tumor cell death by
up-regulating the pro-apoptotic B-cell lymphoma-2 (Bcl-2)
family members [12]. In 2011, Hammerman et al. [3] identified novel somatic mutations in the discoidin domain-containing receptor tyrosine kinase 2 (DDR2) gene at a frequency
of 3.8% (n=11) in a set of 290 lung SCC samples. DDR2 is a
collagen binding receptor, and a subset of DDR2 mutants in
cancer are oncogenic and have been shown to promote cell
migration, proliferation, and survival [3,13,14]. DDR2 mutations are mainly found in SCCs of NSCLC and are distrib-
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uted throughout the gene, including in L63V, I120M, and
D125Y in the collagen-binding discoidin 1 domain, C580Y,
I638F, T765P, G774E, and G744V in the kinase domain, L239R
and G253C in the discoidin 2 domain, and G505S in the
cytosolic juxtamembrane domain [3,15]. DDR2 L63V and
I638F mutations have been shown to confer transforming
abilities to NIH3T3 cells, and lung cancer cells with DDR2
L239R or I638F mutations were also shown to be sensitive to
treatment with a DDR2 inhibitor, dasatinib [3]. Therefore,
identifying mutations in DDR2 could provide candidates to
modulate the response of lung SCCs to chemotherapy [16].
In this study, we analyzed 100 lung SCC samples from
Korean patients to identify novel somatic mutations in DDR2
and investigated the frequencies and functions of these
mutations.

Materials and Methods
1. Case selection
The study sample was composed of 100 patients with SCC
of the lung. Ninety-seven patients underwent biopsy and/or
surgical resection at Samsung Medical Center (Seoul, Korea)
between 2000 and 2011. DDR2 mutation analyses were performed mainly on the biopsy specimens, which were from a
total of 85 cases. Twelve cases were obtained by surgical
resection and three cases were received from an outside hospital. Clinical data including age, sex, and stage were
obtained from patient records (Table 1). Slides were
reviewed independently by two pathologists to verify the
diagnoses and tumor content in the tissues. This study was
approved by the Institutional Review Board of Samsung
Medical Center.
2. DDR2 DNA sequence analysis
Genomic DNA was extracted from paraffin-embedded tissues using the QIAamp DNA Mini kit (Qiagen, Hilden, Germany). We subjected 100 ng of genomic DNA to polymerase
chain reaction (PCR) amplification of exons 6, 15, 16 and 18
of the DDR2 gene. The primer pairs used to amplify the complete coding sequences of DDR2 exons 6, 15, 16, and 18 are
outlined in Table 2. PCR was performed on 20 µL reaction
mixtures containing 100 ng of template DNA, 2 µL 10 PCR
buffer, 0.25 mM dNTP, 10 pmol primers, and 1.25 U Taq
DNA polymerase (iNtRON, Seongnam, Korea). PCR products were separated via electrophoresis on 2% agarose gels
and purified using the QIAquick PCR purification kit (Qiagen). Bidirectional sequencing was performed using the
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Table 1. Clinicopathologic parameters of squamous cell
lung cancer patients
Clinicopathologic parameter
Age (yr)
< 65
 65
Sex
Male
Female
Tumor size
T1
T2
T3
T4
Unknown
Lymph node status
N0
N1
N2
N3
Unknown
Metastasis
M0
M1
Unknown
Pathologic stage




Unknown

No. (n=100)
60
40
93
7
12
39
34
10
9
36
22
17
19
6
76
16
8
14
23
35
19
91

BigDye Terminator v1.1 kit (Applied Biosystems, Foster City,
CA) on the ABI 3130XL genetic analyzer (Applied Biosystems). Sequencher ver. 4.10.1 (Gene Codes Corporation, Ann
Arbor, MI) was used along with a manual review of chromatograms for sequence analysis. Confirmatory re-sequencing from replicate PCR amplification reactions was performed for any sequence that was ambiguous or that deviated
from the wild type, so that all abnormal sequences were verified in at least quadruplicate for replicate amplification
reactions.
3. Cell culture
NIH 3T3 cells were obtained from the Korean Cell Line
Bank and BEAS-2B (human bronchial epithelium, ATCC
CRL-9609) cells were obtained from the American Type Culture Collection (Manassas, VA), Both two cell lines were
expanded in Dulbecco’s modified Eagle’s medium (JBI,
Daegu, Korea) supplemented with 10% fetal bovine serum
(FBS; Life Technologies, Carlsbad, CA), 100 units/mL penicillin, and 100 mg/mL streptomycin (Life Technologies). To
generate NIH 3T3 and BEAS-2B stable cells expressing DDR2
wild-type (WT) and mutants, cells were transfected with
LacZ (negative control), DDR2 WT, L63V, V582E, L595P, or
I638F DDR2 mutant expressing lentiviruses for 24 hours and
then selected with 6 µg/mL blasticidin for 2 weeks.
4. Cloning DDR2 constructs
For the full-length DDR2 constructs, we used cDNA synthesized from Hs578T cell line as a template and DDR2 WT
and mutant constructs were generated using PCR reactions.
We described primer sets for cloning of DDR2 constructs in
the Table 2. The amplified DDR2 wildtype PCR product was
cloned into gateway entry vector pCR8/GW/TOPO (Invitrogen, Thermo Fisher Scientific Inc., Carlsbad, CA). DDR2

Table 2. Primer sequences and polymerase chain reaction conditions
Primer name
DDR2 EX6
DDR2 EX15
DDR2 EX16
DDR2 EX18
DDR2 WT
DDR2 L63V
DDR2 V582E
DDR2 L595P
DDR2 I638F

Forward primer sequence
5-GCTTGCCTGTGAACCAGTAA-3
5-GGAAATGCCCAGCAAGAGTA-3
5-GCCTTGGTGTGCATTCTTCT-3
5-GGTGTTGTTGTGCACAGGTT-3
5-ATCAGAATTCATGATCCTGATTCCCAGAATGC-3
5-GTGGACTCAGAAGAAGGGGATGG-3
5-GAGGAGGGAATGGAAAAATTCAAAG-3
5'-CCAGATGTCAGTGCC AACCAGC-3
5-TTCCATCTATTAGCTGTGTGTATCACTGATG-3

Reverse primer sequence
5-GTTCCGCCAAGAGATCCAG-3
5-ATTTTCACAGCCACCAGGAC-3
5-GCGGGAAAGAAACTGATTGA-3
5-CCCTTGGTCTCGGAAGAACT-3
5-ATCAGCGGCCGCCTCGTCGCCTTGTTGAAGGA-3
5-CCTTCCATATTTGGCAGCTGTG G-3
5-TTCACAGAGATGAACCTCCCCAAAC-3
5-GGCAAAATCTTTGTCTTTGAATTTTTCC-3
5-GATGTTTGGG TCCTTGAGCCG-3

DDR2, discoidin domain-containing receptor tyrosine kinase 2.
VOLUME 49 NUMBER 4 October 2017
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Table 3. Predicted impacts of amino acid substitutions on the function of variants of DDR2
Exon
Exon 6

Exon 9
Exon 13
Exon 14
Exon 15

Exon 16
Exon 18

Exon 19

Genotype

PolyPhen

PSIC score differencee

L63V
R105S
I120M
D125Y
L239R
G253C
N456S
G505S
T533K
C580Y
V582E
L595P
I638F
T765P
G774E
G774V
P815L

Benign
Probably damaging
Benign
Probably damaging
Possibly damaging
Probably damaging
Possibly damaging
Benign
Possibly damaging
Probably damaging
Possibly damaging
Possibly damaging
Possibly damaging
Probably damaging
Probably damaging
Probably damaging
Benign

1.417
2.463
1.362
2.506
1.557
2.592
1.696
1.220
1.795
3.608
1.690
1.736
1.950
2.087
2.452
2.677
0.711

DDR2, discoidin domain-containing receptor tyrosine kinase 2; PSIC, position-specific independent counts.

mutants were generated using the EZchange Site-directed
Mutagenesis kit (Enzynomics, Daejeon, Korea) with the following mutagenic primer sets; all mutations were verified
by Sanger sequencing. The WT and mutant DDR2 constructs
were transferred into pLenti6.3/V5-DEST gateway destination vectors (Invitrogen, Thermo Fisher Scientific Inc.) following the manufacturer’s instructions. The pLenti-based
expression vector and the ViraPower Packaging Mix vector
(Invitrogen, Life Technologies) were co-transfected into the
293FT cell line to produce a lentiviral stock following Life
Technologies protocols.
5. Western blotting
Whole cell lysates from cells expressing LacZ, WT, L63V,
V582E, L595P, or I638F were prepared using a modified
RIPA buffer (50 mM Tris-HCl, 150 mM NaCl, 1% NP-40, and
0.25% sodium deoxycholate) and a protease inhibitor cocktail
(GenDepot, Barker, TX). The lysates were centrifuged at
15,000 g for 30 minutes at 4°C and diluted with 4 sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDSPAGE) sample buffer (40% glycerol, 240 mM Tris/HCl pH
6.8, 8% sodium dodecyl sulfate, 0.04% bromophenol blue, 5%
beta-mercaptoethanol). All samples were boiled at 95°C100°C for 10 minutes, and loaded in the SDS-PAGE on an
8%-10% polyacrylamide gel and transferred to a polyvinylidene difluoride membrane (Merck Millipore, Billerica, MA).
Blots were blocked with 5% w/v nonfat dry milk (BD, Trans-
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duction Laboratories, San Diego, CA) for 1 hour before primary antibodies were added to the blocking solution and
incubated overnight at 4ºC on a shaker. The blots were
probed with an anti-DDR2 antibody (2538-DR, R&D Systems
Inc., Minneapolis, MN), and anti–-tubulin, –-actin antibodies (sc-8035, Santa Cruz Biotechnology), and anti–phosphotyrosine-100, –Src and c-Src antibodies (Cell Signaling
Technologies, Danvers, MA). Blots were washed 2-3 times
with TBST buffer (Tris-buffered saline and Tween 20) and
then incubated with the horseradish peroxidase (HRP)–conjugated anti-goat or rabbit IgG secondary antibodies for
1 hour followed washed with TBST for 1 hour. Antibody
detection was performed using chemiluminescent HRP substrate (EMD Millipore, Billerica, MA). All western blot
images are representative of at least three independent
experiments.
6. Proliferation assay
Cell proliferation rates were measured using an EZ-Cytox
cell viability assay kit (Daeil Lab Service, Seoul, Korea)
according to the manufacturer’s instruction. BEAS-2B cells
expressing the target gene were seeded into 96-well plates at
a density of 3103 cells per well. After 72 hours, 10 mL of
EZ-Cytox reagent was added to each well and incubated for
2 hours at 37ºC. The absorbance was measured at a wavelength 450 nm (foreground) and 650 nm (background) using
a spectrophotometer.
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c.1745T>A (p.V582E)

D

C

Fig. 1. Radiological and histological features and discoidin domain-containing receptor tyrosine kinase 2 (DDR2) mutation
analysis of case 1. (A) Chest computed tomography (CT) in 2009 shows a 3 cm nonenhancing mass-like consolidation with
a background of patchy fibrotic changes and scattered calcified and noncalcified sub-centimeter nodules in both lungs. (B)
Chest CT in 2010 shows that the mass-like consolidation has increased in size to 6.2 cm. Numerous new cavitary and noncavitary nodules can be seen in both lungs. (C) Squamous cell carcinoma on hematoxylin and eosin section (200). (D) Chromatogram of DDR2 shows a missense mutation, as depicted by the arrows, with a change in the amino acids from GTG
(valine) to GAG (glutamic acid) on exon 15.

7. In vitro transforming assay
Analysis of the transforming activity of kinase fusions was
performed with Matrigel (BD Biosciences, Bedford, MA) and
soft agar. BEAS-2B stable cells expressing DDR2 WT, L63V,
V582E, L595P, or I638F mutant were cultured in Matrigel.
The bottom layer of each well was coated with 30 µL of
Matrigel and allowed to gel by incubating for 30 minutes at
37ºC. Then, 10,000 cells resuspended in 150 µL of Matrigel
were loaded onto the bottom layer of each well. Medium
with 10% FBS was then overlaid onto the gel and replaced
every other day. The images of transformed foci were
obtained after culturing for 7 days. For the soft agar assay,
the base layer of each well consisted of 1.5 mL of medium
with a final concentration of 0.5% Noble agar (BD Biosciences). After bottom agar solidification, 1.5 mL of 0.35%
agar containing NIH3T3 cells (20,000) was seeded on the bottom agar layer and incubated for 14 days. Medium was

changed every 2 days for 2 weeks. Colonies were fixed with
4% paraformaldehyde and then stained with 0.05% crystal
violet (Sigma-Aldrich, St. Louis, MO), and representative
images were taken by a phase-contrast microscope (Olympus
CKX41, Tokyo, Japan) using i-Solution Lite image analysis
software (Image & Microscope Technology, Daejeon, Korea).
Statistical significance was analyzed by the GraphPad Prism
5 (ver. 5.01, GraphPad Software, Inc., La Jolla, CA).

Results
Among 100 patients, two patients were found to have
DDR2 mutations (c.1754T>A [p.V582E] and c.1784T>C
[p.L595P] on exon 15). PolyPhen analysis (http://genetics.
bwh.harvard.edu/pph/) predicted that these variants would
VOLUME 49 NUMBER 4 October 2017
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Fig. 2. Radiological and histological features and discoidin domain-containing receptor tyrosine kinase 2 (DDR2) mutation
analysis of case 2. (A) Chest computed tomography scan showing a 5.3-cm necrotic cavitary mass. (B, C) Squamous cell carcinoma on hematoxylin and eosin section (40 and 200, respectively). (D) p63 staining showing nuclear staining of tumor
cells. (E) Thyroid transcription factor 1 staining showing negative staining of tumor cells. (F) Chromatogram of DDR2 showing a missense mutation, as depicted by the arrows, with a change in the amino acids from CTA (leucine) to CCA (proline)
on exon 15.

damage the structure and function of DDR2 (Table 3).
A 71-year-old male patient (case 1) underwent a follow-up
chest computed tomography (CT) scan in March 2009 for
chronic obstructive pulmonary disease that was diagnosed
in 1998. The patient was a smoker with a 92-pack/yr history.
Chest CT showed a 3 cm nonenhancing mass-like consolidation in the central portion of the left lower lobe with a background of patchy fibrotic changes, as well as scattered
calcified and noncalcified sub-centimeter nodules in both
lungs (Fig. 1A). A bronchoscopic biopsy performed in May
of 2009 revealed high-grade squamous dysplasia. A chest CT
in September of 2010 showed that the mass-like consolidation had increased in size to 6.2 cm and that there were
numerous new cavitary and noncavitary nodules in both
lungs (Fig. 1B). These nodules were suspected to be primary
lung cancers with intra-lung metastases. Hilar, mediastinal,
and supraclavicular lymph nodes were suspected to have
metastases by capsular invasion. A second bronchoscopic
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biopsy revealed tumor cells of squamous differentiation with
intercellular bridges (Fig. 1C). No mutations were observed
in EGFR or KRAS. The patient refused palliative chemotherapy and only received supportive care. The patient was lost
to follow-up after January 2011. When DDR2 mutation
analysis was performed for this patient, c.1745T>A (p.V582E)
on exon 15 was identified (Fig. 1D).
In another case, a 70-year-old male patient (case 2) visited
an outside hospital in May of 2010 due to a persistent dry
cough. The patient was a 50-pack/yr smoker who had
recently ceased smoking. The patient had undergone regular
examinations for rheumatoid arthritis over the last 20 years
at an outside hospital, and had been under medication,
including steroids, for several years. He was diagnosed with
diabetes mellitus 1 month prior to his admission at our hospital. A chest radiograph revealed abnormal findings and the
patient was referred for further evaluation. At the Samsung
Medical Center, chest CT and magnetic resonance imaging
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Exon

5

6

9
Discoidin

13
Kinase

14

Known mutation

L579fs*17
C580Y
V582E
D590G
L595P
I638F
T654I/M
R709X
I724M
T765P
S768R
G774E/V
P815L

N456S
I474M
G505S
T533K

L239R
G253C

L63V
R105S
I120M
D125Y

A

15

16

18

19

Novel mutation

B

C
LacZ

WT

L63V

V582E

L595P

I638F

I638F

L595P

V582E

L63V

WT

LacZ

Collagen

DDR2
p-Tyr-100
1.00 1.15 1.45 1.82 1.36 1.48

pY416-Src
1.00 1.34 1.65 1.39 1.84 1.40

Src
β-Actin

50

Colony size (µM)

40
30
20
10
0
LacZ

V582E

L595P

I638F

L63V

WT

Fig. 3. Functional effects of discoidin domain-containing receptor tyrosine kinase 2 (DDR2) mutants observed through in
vitro assays. (A) Schematic view shows a known mutation and novel mutations (red circles) within the kinase domain of
DDR2. (B) Activation of DDR2 and Src molecules by the ectopic expression of DDR2 point mutants. NIH3T3 cells were stably
expressed with the indicated DDR2 mutant constructs, stimulated with 10 µg/mL collagen, and then analyzed using western
blot. WT, wild type. (C) In vitro transforming assay in soft agar. NIH3T3 cells expressing the indicated mutant protein were
seeded in 6-well plates and cultured for 14 days in soft agar. The number of colonies formed per well, indicated as the
mean±standard deviation, from the three wells in one representative experiment out of three. ***p < 0.001, scale bars=10 µm.
(Continued to the next page)
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I638F

L595P

V582E

DDR2

60

pY416-Src

LacZ
V582E
L595P
L63V
I638F

40
20
0

L63V

LacZ

Relative cell viability (%)

100

WT

Dasatinib 0.1 µM

120

1.0 0.8 0.59 0.37 0.43 0.47

Src
β-Actin

0

0.001

0.01
0.1
Dasatinib (µM)

1

10

E
Dasatinib (µM)
0.1

1

DDR2-L595P

DDR2-V582E

No. of colonies

0

450
400
350
300
250
200
150
100
50
0

V582E
L595P

0

0.1
Dasatinib (µM)

1

Fig. 3. (Continued from the previous page) (D) The effect of dasatinib in cells expressing DDR2 mutants. Dasatinib caused
reduced proliferation and a decrease in phosphorylation of Src in cells expressing DDR2 V582E and L595P. In the left panel,
the NIH3T3 cells expressing the DDR2 mutants were treated with the indicated doses of dasatinib for 72 hours, and cell
viability was determined. ***p < 0.001. In the right panel, cells were treated with 0.1 µM dasatinib for 24 hours, followed by
cell lysis and detection of the indicated protein using western blot. (E) In vitro colony-forming ability of cells expressing
DDR2 mutants following dasatinib treatment. NIH3T3 cells expressing the DDR2 mutants were seeded in soft agar and cultured with or without dasatinib for 7 days. The colonies formed were stained with 0.001% crystal violet and the number of
colonies was estimated. The images were obtained using a phase-contrast microscope at 40 magnification. The values shown
represent the average of three independent experiments and error bars indicate standard deviations. *p < 0.05, ***p < 0.001.

were performed and a 5.3 cm necrotic cavitary mass was
revealed in the basal segment of the right lower lung lobe
without enlarged lymph nodes (Fig. 2A). The mass was

1072

CANCER RESEARCH AND TREATMENT

diagnosed as SCC by bronchoscopic biopsy (Fig. 2B and C).
The patient underwent a lobectomy of the right lower lobe
and an en bloc wedge resection of the right middle lobe
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Table 4. Cancer-associated DDR2 mutations and responses to dasatinib
Domain

Mutation site

Source

Dasatinib response

Reference

DS
DS-like

L63V
L239R
G253C
I474M
G505S
V582E
D590G
L595P
I638F
T654I
T654M
R709X
I724M
S768R
G774E
G774V

Primary SCCs
HCC-366
Primary SCCs
Primary HNSCCs
Primary SCCs
Primary SCCs
Primary HNSCCs
Primary SCCs
NCI-H2286
HCC-366a)
HCC-366a)
Primary HNSCCs
Primary HNSCCs
Primary SCCs
Primary SCCs
Primary SCCs

Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Resistance
Resistance
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive

[3,15]
[3]
[3]
[17]
[18]
Present study
[17]
Present study
[3]
[19,20]
[19,20]
[17]
[17,18]
[3,21]
[3]
[3]

IJXM
KD

DDR2, discoidin domain-containing receptor tyrosine kinase 2; DS, discoidin domain; SCC, squamous cell carcinoma;
DS-like, discoidin-like domain; IJXM, intracellular juxtamembrane region; HNSCC, head and neck squamous cell carcinoma;
KD, kinase domain. a)Secondary mutation was acquired after culturing for 4 months.

because the tumor was located in the right lower lobe beside
the middle lobe. Following surgery, pathologic examination
revealed a 5 cm mass without pleural invasion. We found
lymphatic and perineural invasion, but no metastasis, in the
11 lymph nodes examined. The tumor showed keratinized
squamous differentiation with intercellular bridges. Upon
immunohistochemical staining, we found that the tumor
cells were positive for p63 and negative for thyroid transcription factor-1 (Fig. 2D and E). No mutations were observed in
EGFR or KRAS. The patient was treated with adjuvant
chemotherapy consisting of vinorelbine and cisplatin. He visited an emergency room because of severe back pain 7 days
after the initiation of chemotherapy and was subsequently
lost to follow-up. DDR2 mutation analysis of this patient
revealed c.1784T>C (p.L595P) on exon 15 (Fig. 2F).
To determine if the novel DDR2 mutations identified in
this study had oncogenic functions, we constructed lentiviral
expression vectors containing the V582E or L595P mutations
of DDR2, as well as L63V or I638F mutations as positive controls, as described in previous studies [3]. We then generated
clonal populations of NIH3T3 cells stably expressing these
constructs. The ectopic DDR2 mutant expression was evaluated using western blot analysis (Fig. 3B). We also showed
that cells expressing the mutant DDR2 had increased phosphorylation of the DDR2 receptor (black arrow in Fig. 3B)
and Src, relative to control LacZ after collagen stimulation
(Fig. 3B). To further validate the tumorigenic potential of

DDR2 mutants, we tested their tumor-forming ability in vitro.
Interestingly, both cells that expressed DDR2 V582E mutant
and those that expressed L595P mutants formed significantly
larger colonies, as well as a higher number of colonies than
cells harboring DDR2 I638F or L63V mutations (Fig. 3C).
Considering the genetic background of patients with the
DDR2 mutations, we generated BEAS-2B cells expressing
DDR2 wild type and mutants from normal human bronchial
epithelium and conducted a cell proliferation assay (S1 Fig. A).
As shown in S1 Fig. A, cells expressing DDR2 V582E or
L595P mutants showed higher growth rates than control
cells. These results indicate that the DDR2 V582E or L595P
mutation induced cell proliferation and enhanced tumor progression.
Dasatinib is a multiple kinase inhibitor that has been
shown to be effective at reducing the tumor size of SCCs
expressing DDR2 I683F or L239R mutants [3]. To investigate
whether the novel DDR2 mutants were potential therapeutic
targets of dasatinib, the relative cell viability was assessed
for 72 hours after treatment with 0.01, 0.1, 1, and 10 µg/mL
of dasatinib (Fig. 3D). We found that cells expressing DDR2
L595P mutants were more sensitive to 0.1 µg/mL dasatinib
than those with DDR2 V582E or other DDR2 mutants, and
that the phosphorylation of Src was down-regulated by dasatinib treatment in NIH3T3 cells (Fig. 3D). We obtained the
same results for BEAS-2B cells expressing DDR2 L595P
mutants as well (S1 Fig. B). Cells were seeded in 3-D Matrigel
VOLUME 49 NUMBER 4 October 2017
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and cultured for 7 days with or without 0.1 µM dasatinib.
Dasatinib treatment caused a decrease in the colony size of
cells expressing DDR2 L595P mutant compared with the
LacZ control (S1 Fig. B). These results showed that both
DDR2 V582E and L595P mutants were oncogenic mutations
and cancer drivers. In addition, the DDR2 L595P mutant was
dasatinib-sensitive, indicating it might be a potential therapeutic target.

Discussion
The most targetable mutant kinases, EGFR, ALK, and
HER2, are mainly found in lung ADCs and only rarely in
other histological subtypes. Patients with SCC, who comprise
about 40% of all NSCLC cases, are very rarely responsive to
targeting agents, and specific genetic alterations in SCC have
not been identified to date. Recent molecular analyses have
identified genes that may play important roles in lung squamous cell tumorigenesis, including FGFR1, PIK3CA (phosphoinositide-3-kinase catalytic alpha polypeptide), SOX2,
and DDR2 [3,22,23]. Tumor cell lines harboring DDR2
mutations have shown increased sensitivity to multiple
tyrosine kinase inhibitors in vitro and in vivo, including small
molecule inhibitors such as dasatinib, nilotinib, and AP24534
[3,16].
DDR2 mutations have been reported in multiple tumor
types with high incidence rates, including gastric carcinomas, bladder carcinomas, melanomas, colorectal cancers, and
head and neck cancers [15,19]. Moreover, DDR2 mutations
have been reported with 2%-5% frequency in lung SCCs
[3,15,19,24]. However, the observed frequency of DDR2
mutations may be associated with ethnic differences in sample populations [25]. For example, no DDR2 mutations were
found in a screen of 166 SCC biopsies from Japanese patients
[25], but DDR2 mutations were identified with a frequency
of 4.6% in a study with 86 Chinese patients with lung SCC
[26]. In the present study, we identified a lower mutation frequency of 2% in 100 Korean lung SCC samples. This is likely
because our study had a small patient cohort size, but it is
not clear if this was due to population differences or other
causes.
DDR2 is a potential therapeutic target for the treatment of
SCCs in lungs, but genetic alterations such as overexpression
of DDR2 or copy number aberrations of the DDR2 locus
(1q12-23) have not been reported [3]. However, DDR2
mutations have been associated with responses to targeted
agents or to sh-RNA–mediated depletion of DDR2 [3,20,27].
DDR2 mutations are mainly distributed in both the kinase
and discoidin domains to recognize specific sites in the
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extracellular region that binds to collagen, and to activate
downstream molecules including SHP-2 as well as SRC and
mitogen-activated protein kinases [18,28]. The activation of
DDR2 by mutations such as L63V, I638F, and S768R has been
associated with cancer progression, including cell proliferation, migration, transformation, and differentiation [3,18].
However, DDR2 mutations have also been reported to act as
a tumor suppressors in the presence of its ligand, collagen.
Kazuto et al. [29] performed the first functional analysis of
the DDR2 E655K mutation and found that DDR2 E655K protein bound to the ubiquitin ligase E3 (Cbl-b), and consequently promoted cancer progression by decreasing the
growth-inhibiting effects of collagen in NSCLCs. Therefore,
identification of DDR2 mutations and investigation of their
functions would help to reveal the underlying causes of lung
cancer. In this study, we identified cases of DDR2 c.1745T>A
(p.V582E) and c.1784T>C (p.L595P) mutations and evaluated
the biological function of these mutations in NIH-3T3 and
BEAS-2B cells. Our experimental findings have shown that
these mutations have transforming activities, and that the
DDR2 L595P mutation is a potential therapeutic target of
dasatinib (Fig. 3). However, in a 3D proliferation assay using
BEAS-2B cells with DDR2 mutations, cells with DDR2 V582E
mutation did not respond to dasatinib treatment, unlike
DDR2 L595P mutant cells (S1 Fig. B). These findings indicate
that the DDR2 V582E mutation site may not be an appropriate therapeutic target of dasatinib but could be a suitable target for other multiple kinase inhibitors. Table 4 shows the
reported cancer-associated DDR2 mutation sites and their
responses to dasatinib treatment.
In this study, we investigated the overall frequency of
DDR2 mutations in a large clinical sample. We found two
novel mutations, V582E and L595P, which play functional
roles in cancer progression. Identifying DDR2 mutations and
studying their effects would facilitate patient screening during clinical trials of lung SCCs. Our study provided in vitro
evidence that DDR2 mutations could be potential therapeutic
targets for the corresponding receptors of various tyrosine
kinase inhibitors [3,20].
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Identification of Diverse Adenosine-to-Inosine RNA Editing Subtypes in
Colorectal Cancer

Purpose
RNA editing generates protein diversity by altering RNA sequences in coding regions without
changing the overall DNA sequence. Adenosine-to-inosine (A-to-I) RNA editing events have
recently been reported in some types of cancer, but they are rare in human colorectal cancer
(CRC). Therefore, this study was conducted to identify diverse RNA editing in CRC.

Si-Hyun Lee, MS1
Hwang-Phill Kim, PhD1,2
Jun-Kyu Kang, MS1,2
Sang-Hyun Song, PhD2
Sae-Won Han, MD, PhD1,3
Tae-You Kim, MD, PhD1,2,3

1
Department of Molecular Medicine and
Biopharmaceutical Sciences, Graduate School
of Convergence Science and Technology,
Seoul National University College of
Medicine, Seoul, 2Cancer Research Institute,
Seoul National University College of
Medicine, Seoul, 3Department of Internal
Medicine, Seoul National University Hospital,
Seoul, Korea

+ Correspondence:
+ + + + + + +Tae-You
+ + + Kim,
+ + MD,
+ + PhD
+++++
+ Department
+ + + + +of+Internal
+ + + Medicine,
+ + + + Seoul
+ + +National
+++
+ University
+ + + + College
+ + + +of +Medicine,
+ + + +101+Daehak-ro,
+++++
+ + + + + +Seoul
+ + + + +Korea
+++++++++
+ Jongno-gu,
+ + + + + + +03080,
++++++++++++
+ Tel:
+ +82-2-2072-7200
+++++++++++++++++
+ Fax:
+ +82-2-762-9662
+++++++++++++++++
+ E-mail:
+ + + kimty@snu.ac.kr
++++++++++++++++
++++++++++++++++++++
+ Received
+ + + +July
+ +12,+ 2016
++++++++++++
+ Accepted
+ + + + January
+ + + 12,
+ +2017
++++++++++
+ Published
+ + + + Online
+ + + January
+ + + +25,+2017
+++++++
++++++++++++++++++++
+ *Si-Hyun
+ + + +Lee
+ +and+ Hwang-Phill
+ + + + + Kim
+ + contributed
+++++
+ equally
+ + + to+ this
+ +work.
+++++++++++++
++++++++++++++++++++

Materials and Methods
We compared transcriptome data of 39 CRC samples and paired adjacent tissues from The
Cancer Genome Atlas database to identify RNA editing patterns in CRC, focusing on canonical
A-to-I RNA edits in coding sequence regions. We investigated nonsynonymous RNA editing
patterns by comparing tumor and normal tissue transcriptome data.
Results
The number of RNA edits varied from 12 to 42 per sample. We also observed that hypoand hyper-RNA editing patterns were distinguishable within the samples. We found 10
recurrent nonsynonymous RNA editing candidates in nine genes (PDLIM, NEIL1, SRP9,
GLI1, APMAP, IGFBP7, ZNF358, COPA, and ZNF587B) and validated some by Sanger
sequencing and the inosine chemical erasing assay. We further showed that editing at these
positions was performed by the adenosine deaminase acting on RNA 1 enzyme. Most of
these genes are hypoedited in CRC, but editing of GLI1 was increased in cancer tissues
compared with normal tissues.
Conclusion
Our results show that nonsynonymous RNA editing patterns can be used to identify CRC
patients and could serve as novel biomarkers for CRC.

Introduction
Genomic alterations are a major cause of cancer initiation
and progression [1,2]; however, they do not account for all
of the changes in gene expression that are observed in cancer.
RNA editing is a post-transcriptional molecular modification
process that changes specific nucleotide sequences within an
mRNA molecule after it has been generated by RNA polymerase. Therefore, RNA editing contributes to the diversity
│ http://www.e-crt.org │

Key words
RNA editing, Colorectal neoplasms, Transcriptome sequencing,
GLI family zinc finger 1, Adenosine deaminase

and plasticity of cellular RNA signatures along with amino
acid changes, alternative splicing, and regulation by small
RNA species [3].
In mammals, two classes of RNA editing have been well
characterized, cytidine to uridine (C-to-U) and adenosine to
inosine (A-to-I) [3,4]. In humans, the most common type of
RNA editing is A to I, which is catalyzed by the adenosine
deaminase acting on the RNA (ADAR) enzyme. Adenosine
is catalyzed by adenosine deaminase, then converted to inosine. Inosine base pairs with cytosine and is read as guanine
Copyright ⓒ 2017 by the Korean Cancer Association
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by reverse transcription and translation machinery [5].
The recent development of next generation sequencing
technologies has caused the number of identified RNA edits
to increase dramatically. Several groups have been studying
new methods to detect RNA editing [6,7], leading to identification of several million potential RNA editing sites in the
human genome [8,9]. Most of these sites are in noncoding
and repetitive elements regions, whereas RNA editing in
coding regions is rare [10]. However, these editing events are
very important because they can cause amino acid changes
that lead to functional alterations of the encoded proteins.
These alterations may be responsible for activating oncogenes or inactivating tumor suppressors, thus affecting
tumor progression. Several studies have reported a hypoediting pattern in glioblastoma (GBM) [11,12]. In GBM,
unedited GluR-B enhanced malignancy [13], whereas A-to-I
editing of AZIN1, which was increased in hepatocellular carcinoma specimens, resulted in amino acid changes that promoted cell proliferation [14]. We previously reported A-to-I
editing of the Ras homologue family member RHOQ and
demonstrated that edited RHOQ was associated with
increased invasiveness [15]. These results show the importance of RNA editing in cancer, but few studies have investigated RNA editing sites in colorectal cancer (CRC).
In this study, we focused on finding nonsynonymous RNA
editing sites in CRC using RNA sequencing data from The
Cancer Genome Atlas (TCGA) database [2]. To accomplish
this, we analyzed 39 paired colorectal tumors and adjacent
normal tissue samples to identify recurrent editing sites that
could be used as biomarkers for detection of CRC.

2. Primary human colorectal tissues
To compare GLI1 RNA editing between tumor and normal
tissue samples, 10 human colorectal tumor tissues and the
matched normal tissues were obtained from the tissue bank
of Seoul National University Hospital (Seoul, Korea).
3. DNA and RNA isolation and cDNA synthesis
Genomic DNA (gDNA) from cell lines was isolated using
the QIAMP DNA mini kit (Qiagen, Valencia, CA) according
to the manufacturer’s instructions. Total RNA was extracted
from each cell line using an RNeasy mini kit (Qiagen) according to the manufacturer's instructions, after which 1 µg of
total RNA was used to synthesize cDNA with random hexamers and ImProm-II reverse transcriptase (Promega, Madison, WI).
4. Polymerase chain reaction and Sanger sequencing analysis
RNA editing sites were amplified by polymerase chain
reaction (PCR) using target-specific primers in gDNA or
cDNA templates. Information regarding the primer is
described in S1 Table. Purified PCR products were sequenced with a BigDye Terminator v3.1 cycle sequencing kit
(Applied Biosystems, Carlsbad, CA), then analyzed with a
3730 ABI capillary electrophoresis system (Applied Biosystems).
5. Pyro-sequencing analyses of GLI1 RNA editing

Materials and Methods
1. Nonsynonymous A-to-I RNA editing calling pipeline
We acquired RNA sequencing data from the TCGA database (https://tcga-data.nci.nih.gov) [2]. Bam files were analyzed using VarScan2 [16]. We compared data from normal
and tumor samples with the following variant calling parameters: min-coverage, 8; min-var-freq, 0.2; mina-avg-qual, 20;
and min-reads, 2. Variant call files were annotated with
ANNOVAR [17]. We selected the positions that were converted from A to G, nonsynonymous single nucleotide variants (nsSNVs), after filtering somatic mutations that were
enrolled in TCGA. We also removed all of the data from
dbsnp137, excluding cDNA data and the positions within
similar genomic regions.
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We designed GLI1 target-specific primers for pyrosequencing analysis. The reverse primer was biotin-labeled. Singlestranded biotinylated PCR products were processed for
pyrosequencing analysis according to the manufacturer’s
standard protocols (PyroMark Q96 ID, Qiagen). The primer
sequences were as follows: forward, 5’-GACCGTCCTGCTCCAGCTAG-3’; reverse, 5’-CCCAACTTCTGGCTCTTCCTGT-3’; sequencing, 5’-AATGCTGCCATGGAT-3’.
6. Inosine chemical erasing assay
The inosine chemical erasing (ICE) assay is composed of
four steps: (1) RNA cyanoethylation, (2) cDNA synthesis by
reverse transcription, (3) PCR amplification, and (4) direct
sequencing. We cyanoethylated total RNA from cancer cells
containing edited transcripts for 15 minutes at 70°C alongside controls lacking cyanoethylation. The ICE assay was
performed as previously described [18].

TCGA-A6-2671
TCGA-A6-2675
TCGA-A6-2678
TCGA-AF-2691
TCGA-AF-2692
TCGA-AA-3489
TCGA-AA-3511
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TCGA-AA-3518
TCGA-AA-3520
TCGA-AA-3522
TCGA-AA-3525
TCGA-AA-3527
TCGA-AA-3531
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TCGA-AG-3725
TCGA-AG-3731
TCGA-AG-3732
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TCGA-A6-5662
TCGA-A6-5665
TCGA-A6-5667
TCGA-AZ-6598
TCGA-AZ-6599
TCGA-AZ-6600
TCGA-AZ-6601
TCGA-AZ-6603
TCGA-AZ-6605
TCGA-AH-6643
TCGA-F4-6704

Hyper-/hypo-RNA editing (%)
TCGA-A6-2671
TCGA-A6-2675
TCGA-A6-2678
TCGA-AF-2691
TCGA-AF-2692
TCGA-AA-3489
TCGA-AA-3511
TCGA-AA-3514
TCGA-AA-3516
TCGA-AA-3517
TCGA-AA-3518
TCGA-AA-3520
TCGA-AA-3522
TCGA-AA-3525
TCGA-AA-3527
TCGA-AA-3531
TCGA-AA-3534
TCGA-AA-3655
TCGA-AA-3660
TCGA-AA-3663
TCGA-AA-3697
TCGA-AA-3712
TCGA-AA-3713
TCGA-AG-3725
TCGA-AG-3731
TCGA-AG-3732
TCGA-AG-3742
TCGA-AF-5654
TCGA-A6-5662
TCGA-A6-5665
TCGA-A6-5667
TCGA-AZ-6598
TCGA-AZ-6599
TCGA-AZ-6600
TCGA-AZ-6601
TCGA-AZ-6603
TCGA-AZ-6605
TCGA-AH-6643
TCGA-F4-6704

RNA editing (%)

Si-Hyun Lee, A-to-I RNA Editing in Colorectal Cancer

A

45

40

35

30

25

20

15

10

5

0

Patient

B

120
Hyperediting
Hypoediting

100

80

60

40

20

0

Patient

Fig. 1. The pattern of nonsynonymous RNA editing. (A) Overall number of nonsynonymous A-to-I RNA editing sites in
each sample. The number of samples was 39. (B) Percentage of hyper- and hypo-RNA editing. Hyperediting was defined as
editing in more than 10% in tumor than normal tissue. Hypoediting was defined as editing of less than 10% in tumor than
normal tissue.
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7. Cell culture and siRNA transfection

9. Statistics

SNU-254 and SNU-81 human CRC cell lines were obtained
from the Korea Cell Line Bank [19]. The cell line was grown
in RPMI-1640 with 10% fetal bovine serum and gentamicin
(10 µg/mL) at 37°C in a 5% CO2-humidified atmosphere.
siRNA was purchased from Mbiotech Inc. (Seoul, Korea).
A total of 20 nM siRNA was applied to cells in culture using
G-fectin (Genolution, Seoul, Korea) according to manufacturer's standard protocols.

The statistical significance of the results was calculated by
unpaired Student’s tests, with p-values of < 0.05 considered
to be significant.

8. Western blotting

1. The pattern of RNA editing in nonsynonymous editing
sites

Results

Cultured cells were washed with ice-cold phosphatebuffered saline and lysed with lysis buffer (50 mM Tris-HCl,
pH 7.5, 1% NP-40, 0.1% sodium deoxycholate, 150 mM NaCl,
50 mM NaF, 1 mM sodium pyrophosphate, 1 mM EDTA,
and protease/phosphatase inhibitors). Lysates were transferred to new eppendorf tubes after centrifugation at 13,000
rpm for 20 minutes. Protein concentrations were quantified
with a Bicinchoninic Acid Protein Assay Reagent (Pierce,
Rockford, IL) according to manufacturer's instructions. Samples containing equal quantities of total proteins were
resolved on sodium dodecyl sulfate–polyacrylamide denaturing gel, then transferred to nitrocellulose membranes. The
membranes were subsequently incubated in blocking solution containing 1% skim milk and 1% bovine serum albumin
for 1 hour at room temperature, then probed overnight at 4°C
with primary antibodies (anti–adenosine deaminase acting
on RNA 1 [ADAR1], Abcam, Cambridg, MA; anti-actin,
Santa Cruz Biotechnology, Santa Cruz, CA).

We downloaded 39 paired tumor and nontumor RNA
transcriptome bam files from the TCGA database to analyze
RNA editing patterns. The amount of total reads can influence the number of editing sites [20]; therefore, we evaluated
only those samples with similar reads between normal and
tumor tissues to reduce bias related to total reads. We utilized strict filtering conditions to find RNA editing candidates, using the VarScan2 software to identify RNA editing
sites. VarScan2 was originally developed to identify somatic
mutations and copy number alterations in exome sequencing
data, but it can also be applied to analyze RNA-seq data. We
set the analysis standards as follows: total reads, more than
8; editing frequency, 20; quality score, 20; and edited reads,
3. We then only selected nonsynonymous A to G conversions
based on changes in AA in the refGene column, which was
generated by ANNOVAR. We removed the positions
enrolled in dbsnp137 except from those that originated from
cDNA, similar genomic regions, and somatic mutations from
the TCGA database (S2 Fig.). Overall, we identified 939 editing sites from 39 paired samples, including recurrent positions, ranging from 12 to 42 sites in each sample, with an

Table 1. List of recurrent nonsynonymous RNA editing sites
No. of
detected
18
18
30
5
6
36
5
2
4
2

1080

Gene
PDLIM
NEIL1
SRP9
GLI1
APMAP
IGFBP7
IGFBP7
ZNF587B
COPA
ZNF358
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Position

Amino acid change

No. of hyperedited
samples

No. of hypoedited
samples

chr10:97023630
chr15:75646086
chr1:225974614
chr12:57864624
chr20:24964558
chr4:57976234
chr4:57976286
chr19:58355689
chr1:160302244
chr19:7585273

c.A524G:p.N175S
c.A725G:p.K242R
A192G:p.I64M
c.A2101G:p.R701G
c.A193G:p.I65V
c.A284G:p.K95R
A232G:p.R78G
A1188G:p.I396M
A490G:p.I164V
c.A1145G:p.K382R

6
7
5
3
2
0
0
0
0
0

3
7
9
0
2
33
5
2
4
2
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Fig. 2. Hypoediting sites in colorectal cancer. RNA editing detected among 39 paired specimens of colorectal tumor and
adjacent normal tissues. The percentage of RNA editing was obtained from the The Cancer Genome Atlas transcriptome
dataset. The p-value was calculated by a Student’s t test. (A, B) IGFBP7 (chr4:57976234, c.A284G, p.K95R) and (chr4:57976286,
c.A232G, p.R78). (C) COPA (chr1:160302244, c.A490G, p.I164V). (D) ZNF358 (chr19:7585273, c.A1145G, p.K382R).

average of 24 (Fig. 1A). We also investigated the percentage
of hypo- and hyper-RNA editing within the samples. We
defined hyperediting as a situation in which the percentage
of RNA editing was 10% greater in tumors than adjacent normal tissue. There was no trend in hypoediting or hyperediting within the samples investigated. Among the 39 samples,
26 were classified as hyperedited and 13 were hypoedited
(Fig. 1B).
We then focused on the recurrent hyper- or hypo-RNA
editing sites in CRC. First, we listed the positions that were
detected in more than two samples. The total number of
recurrent detected editing positions was 39. Although we

used relatively strict filtering standards, the possibility of
false-positives remained; therefore, we employed additional
filtering steps using the IGV AND PLAST programs. After
these rounds of filtering, we found 10 recurrent editing
positions in nine genes (Table 1).
2. The hypoediting sites in CRC
To identify RNA editing biomarkers for CRC, we investigated RNA editing by dividing edited messages into two categories: hypoediting, when the level of RNA editing is higher
in normal than tumor samples; and hyperediting, when the
VOLUME 49 NUMBER 4 October 2017
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Fig. 3. RNA editing of GLI1 is hyperedited in colorectal cancer. (A) GLI1 RNA editing (chr12:57864624, c.A2101G:p.R701G)
detected in The Cancer Genome Atlas transcriptome data. (B) GLI1 RNA editing validated in gDNA (top) and cDNA (bottom)
by Sanger sequencing in SNU-254 cells. (C) cDNA of normal and tumor tissue was amplified, and sequencing was performed
by Sanger sequencing. (Continued to the next page)

level of RNA editing is higher in tumor samples. The results
revealed four positions in three genes that were hypoedited
in cancer. Hypo-RNA editing of IGFBP7 (c.A284G, p.K95R)
was detected in 33 samples. The other hypo-RNA editing
position of IGFBP7 (c.A232G, p.R78G) was detected in five
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samples (Fig. 2A and B), COPA, Coatomer Protein Complex,
Subunit Alpha, was detected in four samples (Fig. 2C), and
ZNF358, Zinc Finger Protein 358, was detected in two samples (Fig. 2D). These messages were significantly less frequently edited in cancer. Moreover, PDLIM, NEIL1, SRP9,
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D

GLI1

50

RNA editing (%)

40
30
20
10
0

Normal

Tumor

Fig. 3. (Continued from the previous page) (D) GLI1 editing
percentage; the percentage of editing was determined
using pyrosequencing. n=10; the p-value was calculated
by a Student’s t test (*p < 0.05).

Table 2. Results of pyrosequencing in 10 colorectal tumor
and normal tissues
Sample No.
1
2
3
4
5
6
7
8
9
10
Average

Normal ED (%)

Tumor ED (%)

12.7
28
15.9
ND
ND
3.3
17.5
17.4
13.9
12.3
15.1

42.3
29.3
33.6
42.1
29.5
ND
26.9
14.1
29.8
15.7
29.3

ED, RNA editing; ND, not detected.

and APMAP had both hyper- and hypo-RNA editing in 39
samples.
3. RNA editing of GLI1 is hyperedited in CRC
GLI1 RNA editing was detected in five samples, and was
increased in colon cancer compared with normal tissue
(Fig. 3A). We validated this position using Sanger sequencing (Fig. 3A) based on the pyrosequencing results of CRC cell

lines (S3 Fig.). The guanosine peak was detected in cDNA,
but not gDNA. After identifying GLI1 701G nsSNV, we confirmed the hyperedited pattern in CRC using Sanger
sequencing in our tissue samples (Fig. 3C). There were
increased guanosine peaks in tumor samples. To quantitatively analyze A-to-I RNA editing of GLI1, we conducted
pyrosequencing in 10 paired samples of CRC and normal
samples to measure the edited cDNA sequence. The extent
of RNA editing of GLI1 was 29.3% in tumor tissues, while it
was only 15.1% in normal tissues (Table 2, Fig. 3D). When
compared with normal tissues, the level of RNA editing was
increased by about 2-fold in tumor tissues. We also analyzed
the clinical significance of GLI1 RNA editing in a TCGA
cohort (n=39). More GLI1 was expressed in GLI1 RNA editing samples than in samples without GLI1 RNA editing
(S4 Fig.). High expression or GLI1 RNA editing showed a significant relationship with the clinical prognosis (S5 Fig.). The
clinical significance of GLI1 RNA editing merits further
investigation in a larger patient population. Moreover, we
found that the age, sex, primary site, histology, stage,
microsatellite stable/microsatellite instable status, and KRAS
mutation was not significantly related to GLI1 RNA editing
(S6 Table). These data suggest that GLI1 is hyperedited in
CRC.
4. Validation of the editing candidates
To confirm the reliability of our RNA editing discovery
methods, we validated editing events using Sanger sequencing of gDNA and cDNA from the CRC cell lines. The cell
lines that contain RNA editing were selected based on our
RNA sequencing data. RNA editing of SRP9 and NEIL1 was
validated because they were also detected in our cell line
RNA sequencing data. Sanger sequencing confirmed the
presence of a G peak in the cDNA of SRP9 and NEIL1
(Fig. 4A). The ICE assay is another method to validate A-to-I
RNA editing, as cyanoethylated inosine will not be converted
to guanosine by reverse transcriptase. We conducted an ICE
assay to validate RNA editing of SRP9 and NEIL1. From
these experiments, we found that the guanosine peaks were
significantly decreased in the treated versus the nontreated
samples in both positions (Fig. 4B). These data confirm the
existence of A-to-I RNA editing from our analysis and, therefore, exclude the possibility of gDNA contamination.
ADAR family enzymes mediate A-to-I RNA editing. To
investigate whether ADAR enzymes were involved in the
RNA editing sites we discovered in CRC, we conducted
RNAi-mediated ADAR knockdown. The expression of ADAR
was reduced to approximately 40% of the wild type mRNA
and protein levels (Fig. 4D). We next performed Sanger
sequencing to determine the ratio of A/G. The editing level
was reduced in both SRP9 and NEIL1 editing positions (G:
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Fig. 4. Validation of the editing candidates. (A) RNA editing of SRP9 (chr1:225974614) and NEIL1 (chr15:75646086) was validated in gDNA (top) and cDNA (bottom) by Sanger sequencing in SNU-81 cells. (B) The top panels show the chromatograms
of regions amplified from gDNA in SNU-81 cells. The middle panels show the chromatograms of cDNA amplified from
nontreated cyanoethylation. Cyanoethylation treated RNA was amplified and their chromatograms are displayed along the
bottom line. (Continued to the next page)
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Fig. 4. (Continued from the previous page) (C) Sanger sequencing results of SRP9 and NEIL1 from siRNA control (top) and
adenosine deaminase acting on RNA 1 (ADAR1; bottom) treated SNU-81 cells. (D) The siRNA knockdown efficiency of
ADAR1 was tested by real-time quantitative reverse transcription–polymerase chain reaction (left) and western blot (right).

45.6%31.0% in SRP9, G:74.3%43.9% in NEIL1) in si-RNA
ADAR treated cells (Fig. 4C). Although there were limitations to these samples, the results show that the identified
RNA editing candidates exist, and are affected by ADAR
enzyme knockdown.

Discussion
The development of high-throughput techniques has

accelerated the identification of RNA editing events and
broadened our insight into how the disease alters gene
expression in ways other than genomic alterations. In higher
eukaryotes, the most common type of RNA editing is adenosine to inosine [21]. A previous study has reported that other
types of RNA editing are prone to false-positives [22]. RNA
editing events in coding regions can result in amino acid
changes that affect the progression of cancer; therefore; we
focused on A-to-G RNA editing sites in coding regions.
In this study, we focused on nonsynonymous RNA editing
in CRC. First, we investigated RNA editing patterns by comparing 39 paired normal and tumor tissues. The number of
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RNA editing sites ranged from 12 to 42 according to our
analysis. Consistent with previous studies, our results
showed that there were few editing events in coding regions.
We also investigated hyperediting and hypoediting ratios
per sample and found that there were different patterns
between patients, and no consistent change between cancerous and normal tissue.
Although we used relatively strict filtering standards, the
possibility of false-positives remained owing to the potential
for mis-mapping or sequencing errors. We removed this possibility by filtering with the IGV and BLAST programs, after
which 10 positions in nine genes with nonsynonymous alterations were identified at the RNA level. Because we did not
obtain tissue samples that were enrolled in the TCGA
dataset, we only validated two editing sites, which were also
detected in our RNA sequencing data of CRC cell lines. The
DNA repair enzyme, NEIL1 transcript, which contains RNA
editing, has distinct enzymatic properties [23]. RNA editing
of SRP9, which was first identified in breast cancer [24], was
also identified in the present study. We validated these
positions using Sanger sequencing and the ICE method. Furthermore, using siRNA, we found that the ADAR enzyme
affects these editing sites.
We investigated normal- or tumor-specific RNA editing
sites. Among the recurrently detected sites, four were edited
less frequently in cancer. One of these is IGFBP7, which has
been studied as a tumor suppressor gene in a variety of cancers [25,26]. Edited IGFBP7 transcript, which has editing sites
A284G and A232G, is less prone to cleavage, indicating that
hypoedited IGFBP7 transcript in cancer is likely to be cleaved, possibly affecting cancer progression. Hypoediting of
COPA (I164V) has also been found in hepatocellular carcinoma [27], but the effects of editing have yet to be elucidated.
We also found that editing of GLI1 was increased in CRC.
To validate this result, we investigated the level of RNA
editing of GLI1 from normal and tumor tissue samples using
pyrosequencing. These results, from an independent cohort,
demonstrate that GLI1 was overedited in CRC. GLI1 editing

is also found in medulloblastoma, but the extent of editing
is decreased in the tumor [28]. These opposing result suggests an interesting hypothesis; in the medulloblastoma,
Hedgehog (Hh) signaling, which involves GLI1, promotes
cell survival [29]. However, GLI1, a transactivator of Hh signaling, inhibits cell proliferation in CRC cells [30]. Although
identical editing events were generated, they could have different roles according to various tissue types.
We analyzed nonsynonymous RNA editing in CRC and
found hypoediting or hyperediting sites. These results provide a comprehensive view of the editing pattern in CRC.
RNA editing of GLI1 was found to be increased, suggesting
that it could be a novel biomarker for CRC. In addition,
understanding the different RNA editing patterns of GLI1
from different tissues and tumor types will enhance our
understanding of the role of RNA editing in cancer.
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Purpose
The American College of Surgeons Oncology Group Z0011 trial reported that complete dissection of axillary lymph nodes (ALNs) may not be warranted in women with clinical T1-T2
tumors and one or two involved ALNs who were undergoing lumpectomy plus radiation followed by systemic therapy. The present study was conducted to identify preoperative imaging predictors of  3 ALNs.
Materials and Methods
The training set consisted of 1,917 patients with clinical T1-T2 and node negative invasive
breast cancer. Factors associated with  3 involved ALNs were evaluated by logistic regression analysis. The validation set consisted of 378 independent patients. The nomogram was
applied prospectively to 512 patients who met the Z0011 criteria.
Results
Of the 1,917 patients, 204 (10.6%) had  3 positive nodes. Multivariate analysis showed
that involvement of  3 nodes was significantly associated with ultrasonographic and chest
computed tomography findings of suspicious ALNs (p < 0.001 each). These two imaging
criteria, plus patient age, were used to develop a nomogram calculating the probability of
involvement of  3 ALNs. The areas under the receiver operating characteristic curve of the
nomogram were 0.852 (95% confidence interval [CI], 0.820 to 0.883) for the training set
and 0.896 (95% CI, 0.836 to 0.957) for the validation set. Prospective application of the
nomogram showed that 60 of 512 patients (11.7%) had scores above the cut-off. Application of the nomogram reduced operation time and cost, with a very low re-operation rate
(1.6%).
Conclusion
Patients likely to have  3 positive ALNs could be identified by preoperative imaging. The
nomogram was helpful in selective intraoperative examination of sentinel lymph nodes.

Key words
Sentinel lymph node, Nomograms, Z0011, Breast neoplasms,
Chest, Computed tomography, Axilla sonography
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Introduction
Major changes have occurred in the standard management
of the axilla in patients with invasive breast cancer, with standard treatment progressing from axillary lymph node dissection (ALND) to sentinel lymph node biopsy (SLNB).
Intraoperative pathologic evaluation of sentinel lymph nodes
(SLNs) has changed surgical practice and has the advantage
that it allows patients with positive SLNs to avoid reoperation by immediately proceeding to ALND.
Recently reported results of the American College of Surgeons Oncology Group (ACOSOG) Z0011 trial indicate that
complete ALND does not improve survival in women with
clinical T1-T2 tumors and one or two involved axillary nodes
who are undergoing lumpectomy with radiation therapy followed by systemic therapy [1]. Thus, a significant proportion
of these patients may not require ALND, reducing the usefulness of intraoperative pathologic assessment [2]. However, intraoperative evaluation of SLN is highly effective at
detecting the subgroup of patients who may benefit from
ALND during the same surgical procedure [3].
Advances in preoperative imaging have further changed
the algorithm for axillary management. Preoperative knowledge of axillary lymph node (ALN) involvement has
improved individualized multidisciplinary treatment options [4]. In this study, we investigated whether preoperative
imaging and clinicopathological factors could be used to
identify patients with high tumor burden in ALNs, thus
allowing the selection of patients requiring intraoperative
analysis of SLNs. Based on preoperative imaging and clinicopathological factors, we also sought to develop a nomogram for use in clinical practice that would predict the
probability of the involvement of three or more ALNs.

Materials and Methods
The Seoul National University Hospital Breast Care Center
Database (SNUHBCC database) [5] was reviewed to identify
patients with clinical T1-T2 invasive breast cancer and clinically negative ALNs who underwent surgery at Seoul
National University Hospital (SNUH) between January 2006
and December 2011. Detailed information regarding the
SNUHBCC database that was prospectively collected after
obtaining institutional review board approval has been
reported [5]. For this study, 1,917 consecutive patients who
underwent surgery between 2006 and 2010 were considered
the training set, whereas the 378 patients who underwent
surgery in 2011 were considered the validation set. Patients

with a previous history of breast cancer, with palpable ALNs,
with in situ cancer on preoperative core biopsy, who received
neo-adjuvant chemotherapy, with tumors > 5 cm on preoperative ultrasonography (US), or with stage IV breast cancer
were excluded from both sets. Following validation and
development of a nomogram, the latter was applied prospectively to 512 patients with invasive breast cancer who met
the selection criteria of the ACOSOG Z0011 trial and were
candidates for breast conserving surgery between January
2012 and June 2014.
1. Preoperative imaging
US, contrast-enhanced chest computed tomography (CT),
and positron emission tomography (PET)–CT were conducted for preoperative staging of the axilla and distant
organs. All images were reviewed by specialized radiologists
who had been informed that the patients had invasive breast
cancer.
Axillary US examination was performed 1 day before surgery. The maximum cortical thickness was measured on a
cross-sectional plane perpendicular to the long axis of the
lymph node [6]. The probability of lymph node metastasis
was classified by US according to the maximum thickness of
the cortex and the appearance of fatty hilum. Grades 1-3
were defined as cortical thicknesses of  1.5 mm; > 1.5 mm
but  2.5 mm; and > 2.5 mm but  3.5 mm, respectively; grade
4 as cortical thickness > 3.5 mm with an intact fatty hilum;
and grade 5 as cortical thickness > 3.5 mm with loss of the
fatty hilum.
All included patients underwent preoperative CT using
the protocol described for asymptomatic lung and liver
metastases [7]. Chest CT in patients with breast cancer was
designed to cover the entire liver, the thoracic cavity and
both axilla. ALNs were considered tumor-positive if their
shortest diameter was > 1 cm, there was loss of fatty hilum,
and/or central necrosis was present.
Of the 1,917 patients in the training set, 364 (19.1%) were
evaluated by fluorodeoxyglucose (FDG) PET-CT. Standard
uptake values were calculated from the amount of FDG
injected, body weight, and soft tissue uptake in attenuationcorrected regional images.
2. Management of ALNs
The SLNB technique, in which SLNs are detected using a
radioisotope technique and/or with a blue dye, has been
described previously [8]. Briefly, 1 to 6 hours prior to surgery
Tc-99m antimony sulfur colloid (0.4 mCi) was intradermally
injected into the quadrant containing the tumor, lymphoscintigraphic images were obtained approximately 40 minutes later and SLNs were intraoperatively detected using a
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Table 1. Patient characteristics of the training set
Characteristic
Age (yr)
Mean±SD
Range
Tumor size by preoperative US (cm)
Mean±SD
Range
Axillary LN involvement
2
3
Axillary US classification
1
2
3
4
5
Unknown
Chest CT ALN
Positive
Negative
Unknown
PET-CT ALN
Positive
Negative
Unknown
Surgery-breast
Conservation
Mastectomy
Surgery-axilla
Sentinel LN biopsy only
ALND
Pathology
Ductal
Lobular
Other
Pathologic tumor size (cm)
2
>2
Estrogen receptor
Positive
Negative
Unknown
Progesterone receptor
Positive
Negative
Unknown
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Table 1. Continued

No. (%)
(n=1,917)

Characteristic

50.5±10.2
24-85

HER2 receptor
Positive
Negative
Unknown

2.28±1.02
0.4-5
1,713 (89.4)
204 (10.6)
657 (34.3)
694 (36.2)
292 (15.2)
159 (8.3)
105 (5.5)
10 (0.5)
198 (10.3)
1,716 (89.5)
3 (0.2)
105 (5.5)
259 (13.5)
1,553 (81.0)
1,368 (71.4)
549 (28.6)
1,490 (77.7)
427 (22.3)
1,776 (92.6)
71 (3.7)
70 (3.7)
1,079 (56.3)
838 (43.7)
1,355 (70.7)
542 (28.3)
20 (1.0)
1,116 (58.2)
785 (40.9)
16 (0.9)

No. (%)
(n=1,917)
257 (13.4)
1,600 (83.5)
60 (3.1)

US, ultrasonography; LN, lymph node; CT, computed
tomography; ALN, axillary lymph node; PET, positron
emission tomography; ALND, axillary lymph node dissection; HER2, human epidermal growth factor receptor 2.

gamma probe (NEO2000, Neoprobe Co., Dublin, OH). Four
areas around the areola were injected intradermally with
0.8% indigo carmine (1 mL) dye immediately before surgery.
SLNs were identified as any nodes with radioactive counts
 10% higher than that of the most radioactive node and/or
those stained blue. SLNs and grossly enlarged non-SLNs suspicious for metastasis were harvested, with most bisected
and examined intraoperatively by hematoxylin and eosin
staining of frozen sections. Postoperatively, SLNs were formalin-fixed, paraffin-embedded, and sectioned in 4-µm
thickness for pathologic examination. Training and validation set patients with positive SLNBs underwent complete
level I and level II ALND.
3. Statistical analysis
The associations between having  3 involved ALNs with
patient demographic characteristics, tumor characteristics on
preoperative biopsy, and preoperative imaging results were
evaluated by Fisher exact tests. Multivariate logistic regression analysis was conducted using a combination of continuous variables (age, tumor size on preoperative US, and
ultrasonographic ALN classification) and dichotomized variables (finding suspicious of positive ALN on chest CT).
A nomogram predicting the probability of involvement of
 3 ALNs was then developed based on the multivariate
logistic regression model, with a forward stepwise selection
method and likelihood-ratio test used to select a subset of all
analyzed factors.
The performance of the nomogram was evaluated by
receiver operating characteristic (ROC) curve analysis, with
calculation of the areas under the ROC curves. The nomogram was calibrated by plotting the observed probability
against the predicted probability from the nomogram. A perfectly accurate nomogram prediction model would result in
a plot in which the observed and predicted probabilities
would fall along a 45° line. Thus, the distance between the
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pairs and the 45° line is a measure of the absolute error of
prediction of the nomogram [9]. All statistical analyses were
performed using SPSS ver. 19.0 (SPSS Inc., Chicago, IL) and
the R Software ver. 2.10.0 (http://www.r-project.org/). A
p < 0.05 was considered statistically significant.

Chest CT showed findings suspicious of ALN involvement
in 198 patients (10.3%). PET-CT was performed in 364
patients (19.9%), among which 105 (28.8%) had findings suspicious of ALN involvement.
1. Risk factors of having three or more involved nodes

Results
Patients, tumors, treatments, and preoperative image characteristics are shown in Table 1. The mean age at diagnosis
was 50.5 years (range, 24 to 85 years). Of the 1,917 patients
in the training set, 204 (10.7%) showed involvement of  3
ALNs, and 427 (22.3%) underwent ALND. The mean number
of retrieved SLNs was 3.44±1.2 (range, 1 to 9).

Univariate logistic regression analysis (Table 2) showed
that having three or more involved ALNs was significantly
associated with tumor size on preoperative US (p < 0.001),
ultrasonographic ALN classification (p < 0.001), and findings
suspicious of positive ALN on chest CT (p < 0.001) and PETCT (p < 0.001), while it was marginally associated with
patient age (p=0.053).
Table 3 shows the sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of US,
CT, and PET-CT in predicting involvement of  3 ALNs.

Table 2. Factors associated with involvement of three or more ALNs
Variable
Age (yr)
Tumor size by preoperative US (cm)
Tumor size by MRI (cm)
US tumor size (cm)
2
> 2-5
Axillary US classification
Gr 1
Gr 2
Gr 3
Gr 4
Gr 5
Chest CT ALN
Positive
Negative
PET-CT ALN
Positive
Negative
Estrogen receptor
Positive
Negative
Progesterone receptor
Positive
Negative
HER2 receptor
Positive
Negative

Three or more LN (+) (%)

Two or less LN (+) (%)

p-value

49.2
2.66±1.07
2.86±1.58

50.6
2.23±1.0
2.17±1.46

0.053
< 0.001
< 0.001

68 (33.3)
136 (66.7)

851 (49.7)
862 (50.3)

< 0.001

11 (5.4)
34 (16.7)
38 (18.6)
57 (27.9)
62 (30.4)

646 (37.7)
660 (38.5)
254 (14.8)
102 (6.0)
43 (2.5)

< 0.001

106 (52.7)
95 (47.3)

92 (5.4)
1,621 (94.6)

< 0.001

34 (79.1)
9 (20.9)

71 (22.1)
250 (77.9)

< 0.001

134 (67.3)
65 (32.7)

1,221 (71.9)
477 (28.1)

0.177

125 (62.2)
76 (37.8)

991 (58.3)
709 (41.7)

0.289

34 (17.0)
166 (83.0)

223 (13.5)
1,434 (86.5)

0.171

Values are presented as mean±standard deviation or number (%). ALN, axillary lymph node; LN, lymph node; US, ultrasonography; MRI, magnetic resonance imaging; CT, computed tomography; PET, positron emission tomography; HER2,
human epidermal growth factor receptor 2.
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Table 3. Sensitivity, specificity, PPV, and NPV for each preoperative image-modality when predicting involvement of three
or more axillary lymph nodes
Variable

Sensitivity (%)

Specificity (%)

PPV (%)

NPV (%)

66.7
55.2
70.7

88.4
92.8
74.5

43.2
50.8
27.2

95.3
93.9
94.9

Axillary US
Chest CT
PET-CT

PPV, positive predictive value; NPV, negative predictive value; US, ultrasonography; CT, computed tomography; PET,
positron emission tomography.

Table 4. Multivariate logistic regression analysis of factors associated with involvement of three or more ALNs
Variable

Odds ratio

95% CI

0.99
1.08
2.13
4.78

0.97-1.00
0.91-1.28
1.80-2.52
3.07-7.45

Age
Tumor size by preoperative US (cm)
Axillary US grade
Chest CT ALN positive

p-value
0.097
0.392
< 0.001
< 0.001

ALN, axillary lymph node; CI, confidence interval; US, ultrasonography; CT, computed tomography.

Points
Axillary US grade
Suspicious positive ALN
finding of chest CT
Age
Total points

0

15
0.02

37
0.04

20

2

30

40

1

50
Yes

60

70

4

80

90

100

3

5

No
90 80 70 60 50 40 30 20 10 0
0

The probability of three or
more ALN involvement

Total points
Likelihood

10

20
0.02

50
0.06

60
0.08

40

60

80

0.04 0.06 0.080.1

67
0.1

92
0.2

100
0.2

109
0.3

120

160

180

0.3 0.4 0.5 0.6 0.7

0.8

123
0.4

135
0.5

140

148
0.6

161
0.7

200

178
0.8

Fig. 1. Nomogram for predicting the probability of having three or more involved axillary lymph node (ALNs). US, ultrasonography; CT, computed tomography.

Multivariate logistic regression analysis was performed
using patient age, tumor size on preoperative US (cm), ultrasonographic ALN classification, findings suspicious of positive ALN on chest CT, and findings suspicious of positive
ALN on PET-CT. Higher grade ultrasonographic ALN classification (odds ratio [OR], 2.13; 95% confidence interval [CI],
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1.80 to 2.52; p < 0.001) and findings suspicious of positive
ALN on chest CT (OR, 4.78; 95% CI 3.07 to 7.45; p < 0.001)
were found to be independent predictors of having  3
involved ALNs. However, findings suspicious of positive
ALN on PET-CT were no longer significant (p=0.163).
Since only 27.3% of the patients in the training set under-
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A

0.8

0.8

0.6

0.6

0.4
0.2
0

B

1.0

Sensitivity

Sensitivity

1.0

0.4
0.2

0.2

0

0.4
0.6
1–specificity

0.8

1.0

0

0

0.2

0.4
0.6
1–specificity

0.8

1.0

Fig. 2. Performance of the nomogram in the training set and the validation set were each measured using the area under the
receiver operating characteristic curves. (A) Training set: 0.852 (95% confidence level, 0.820 to 0.883). (B) Validation set: 0.896
(95% confidence level, 0.836 to 0.957).

0.45

2. Nomogram development and validation

Actual probability

0.35
0.25
0.15
0.05
–0.05

0

0.1

0.2
0.3
Predicted probability

0.4

Fig. 3. Calibration plot of the nomogram using validation
cohort.

went PET-CT, another multivariate logistic regression analysis was performed excluding the PET-CT findings (Table 4).
This analysis showed that higher grade ultrasonographic
ALN classification (p < 0.001) and findings suspicious of positive ALN on chest CT (p < 0.001) were significantly and
independently correlated with an increased probability of
having  3 involved ALNs.

The results of the multivariate analysis were used to
develop a nomogram predicting the likelihood of involvement of  3 positive ALNs for use in clinical practice. Points
were assigned to each variable, such as patient age at diagnosis, axillary US grade, and positive ALN findings on chest
CT, then summed to yield the total number of points. The
latter was used to assign a probability of  3 positive ALNs
for individual patients using the scale at the bottom of
Fig. 1. The areas under the ROC curves were 0.852 (95% CI,
0.820 to 0.883) for the training set and 0.896 (95% CI, 0.836 to
0.957) for the validation set (Fig. 2).
To assess the accuracy of the nomogram, the actual probability was plotted against the calculated predicted probability of having  3 involved ALNs for each patient in the
external validation set (Fig. 3). The overall predictive accuracy of the model was within a margin of error of 10%.
The specificity and NPV of the nomogram were calculated
and the ability of the nomogram to correctly classify patients
into two groups (those with  2 or  3 involved ALNs) was
determined based on whether the predicted probability was
more or less than 40%. When using  123 points as a cut-off,
the specificity of the nomogram was 90% and its NPV was
95.8%. Of the 1,610 patients in the training set predicted to
have  2 involved ALNs, only 68 (4.2%) showed false-negative results, resulting in a reoperation rate of ALND < 5%.
Thus, this cut-off could be used to define a subset of patients
that could avoid intraoperative frozen analysis. Use of the
VOLUME 49 NUMBER 4 October 2017
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same cut-off in the validation set of 378 patients showed that
307 (81.2%) had  2 involved ALNs, of which only seven
(2.3%) showed false-negative results (i.e.,  3 involved
ALNs).
3. Prospective application of the nomogram
The nomogram was subsequently applied to a prospective
cohort of 512 patients (S1 Table). Of these, 452 patients
(88.3%) had nomogram scores below the cut-off and could
avoid intraoperative frozen analysis of SLNs. Thus, the costs
of frozen biopsy and operation time could be reduced (data
not shown). Of the patients with a low score and without
frozen biopsy, only eight (1.6% of all 512 patients) had  3
involved SLNs and required reoperation for complete ALND
(S2 Table). However, without applying the nomogram, 22
patients (4.3%) would have undergone reoperation.

Discussion
The effectiveness of intraoperative evaluation of SLN
biopsy remains unclear [10-12]. This method is used to identify patients with metastatic SLNs during the primary surgery, enabling them to avoid a possible second operation.
However, the examination rate of intraoperative frozen sections of SLN has been declining [13] for several reasons. First,
the yield of the frozen section procedure is generally low,
and it is even lower for certain low-risk patients. For example, when used to evaluate women aged  60 years with T1a,
b tumors only 3%-8% are found to be positive by frozen biopsies [14]. Additionally, a review of currently available data
revealed that the false-negative rate of intraoperative frozen
sections of SLN was 14%-43% [15-21]. Moreover, patients
with positive frozen biopsies of SLN who undergo immediate ALND may require reoperation, many for tumorinvolved resection margins [22]. Finally, the ACOSOG Z0011
trial found that a significant proportion of patients, including
women with clinical T1-T2 invasive breast cancer, no palpable adenopathy, one to two sentinel LNs containing metastases, and scheduled for whole breast radiation and systemic
therapy, may not require ALND at all.
Predicting ALN status prior to surgery can facilitate surgical planning and informed discussions with patients
regarding management options. Various nonsurgical methods including US, CT scan, PET imaging, and magnetic resonance imaging have been tried to predict lymph node
involvement [23-29]; however, their predictive accuracies
were not high enough to replace SLN biopsy. A previous
study conducted by our group revealed that US classification
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of ALN showed 85% sensitivity and 78% specificity for predicting metastasis, with an area under the curve of 0.861 (95%
CI, 0.796 to 0.926) [6]. A recent review of 21 studies of preoperative US-guided needle biopsy reported a median sensitivity of 64% and a median specificity of 82% [30].
We hypothesized that, although it would be difficult to distinguish involvement of zero and at least one LN, it may be
possible to predict high LN tumor burden, which was
defined as involvement of  3 ALNs. Preoperative imaging
was able to predict patients with  3 positive ALNs, enabling
the avoidance of intraoperative analysis of SLNs in patients
with low scores on the nomogram, thereby reducing operation times and costs. Using this method, the rate of reoperation was very low.
Findings suspicious of metastatic ALN on chest CT were
a significant predictor of high tumor burden in the axilla,
making chest CT results a major component of our nomogram. This is one of the limitations of this study, since chest
CT is not a routinely performed imaging modality for early
stage breast cancer patients in most institutions. However,
our findings indicate the necessity of performing chest CT to
use our nomogram in practice. In contrast to a small study
of 35 breast cancer patients, which reported that chest CT had
a low NPV (20%) for axillary metastases [26], we found a
high NPV of 93.9% and a specificity of 92.8% for predicting
 3 metastatic ALNs.
PET-CT has been utilized more frequently than chest CT
to evaluate ALN metastasis. In our study, PET-CT had a low
PPV (27.2%) and was not significant in multivariate analysis
(p=0.163). This may have been due to the relatively low percentage (19.9%) of our patients evaluated by PET-CT. Further
investigations are required to determine whether adding
PET-CT to our nomogram would enhance its performance.
Two strategies are deemed feasible for patients who meet
the criteria of the ACOSOG Z0011 trial: to never or always
evaluate intraoperative frozen biopsy samples. Use of our
nomogram could reduce the reoperation rate when compared with the non-use of frozen biopsy, while saving time
and costs compared with universal use of frozen biopsy.
It should be noted that this model had several limitations
in addition to those associated with the use of chest CT.
Specifically, US classification of ALN may be subjective and
has not been validated in other institutions.
In summary, we showed that patients with a high probability of having  3 positive ALNs can be identified using
preoperative imaging methods, such as CT and US, as well
as patient demographic and clinical characteristics. The
developed nomogram may be useful for identifying patients
who do not require intraoperative analysis of SLNs.
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Comparison of the Clinical Outcomes of Patients with
Squamous Cell Carcinoma of the Tonsil Receiving
Postoperative Ipsilateral Versus Bilateral Neck Radiotherapy:
A Propensity Score Matching Analysis (KROG 11-07)
Purpose
The impact of postoperative ipsilateral neck radiotherapy (INRT) versus bilateral neck
radiotherapy (BNRT) on the clinical outcomes of patients with tonsillar squamous cell carcinoma was analyzed retrospectively.
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Materials and Methods
Between October 2001 and June 2012, 241 patients with T1-2 and N0-N2b tonsillar carcinoma from 16 institutes underwent postoperative INRT (n=84) or BNRT (n=157) following a
tonsillectomy. Seventy patients were identified from each group by propensity score matching
and compared in terms of the overall survival (OS), disease-free survival (DFS), locoregional
relapse-free survival (LRRFS), and distant metastasis-free survival (DMFS) rates calculated
using the Kaplan-Meier method with a log-rank test.
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Results
The median follow-up was 55 months (range, 3 to 133 months). The survival outcomes in
the INRT and BNRT groups were similar: 5-year OS (92.8% vs. 94.0%, p=0.985), DFS (80.5%
vs. 94.2%. p=0.085), LRRFS (88.1% vs. 97.1%, p=0.083), and DMFS (92.7% vs. 97.0%,
p=0.370). Subgroup analysis revealed no contralateral neck recurrence in 61 patients with
T1-2N0-2a regardless of the treatment groups. For 79 patients with N2b, contralateral neck
recurrence was more common in the INRT group than in the BNRT group (7.9% vs. 0.0%),
but the difference was not significant (p=0.107). The overall grade  2 toxicities were lower
in the INRT group: acute (45.7% vs. 74.3%, p=0.001) and late (4.3% vs. 31.4%, p < 0.001),
respectively.
Conclusion
INRT is an attractive strategy for patients with T1-2N0-2a tonsillar carcinoma compared to
BNRT. For patients with N2b, there was a small risk of contralateral neck recurrence when
treated with INRT, but its impact on the OS was limited with successful salvage treatment.

Key words
Ipsilateral neck, Adjuvant radiotherapy, Tonsillar neoplasms,
Radiation volume, Toxicity
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Introduction

Materials and Methods

In carcinoma of the oropharyngeal region, the area treated
with radiation conventionally includes both cervical lymphatic chains, regardless of nodal involvement, because
metastasis to the regional lymph nodes is reported frequently, even in clinically node-negative tumors [1,2]. This
extensive radiation-targeted volume contributes to favorable
locoregional control in tonsil cancer but it may also lead to
treatment-related morbidity, such as xerostomia, dysphagia,
and mucositis. Permanent xerostomia is one of the most common and distressing complications after radiation treatment
for head and neck cancer. Intensity-modulated radiotherapy
(IMRT) is a good strategy for preventing xerostomia because
the salivary glands can be spared [3]. Although IMRT
reduces long-term severe xerostomia compared to threedimensional conformal radiotherapy (3D-CRT), other sequelae, including the skin and mucosal toxicity, as well as low
grade xerostomia can persist after IMRT [4,5]. In addition,
patients treated unilaterally achieve faster recovery and
higher salivary function relative to the pretreatment levels
than those treated bilaterally by IMRT [5,6].
Several institutes have reported their experience of using
a limited radiation field for patients with well-lateralized
cancers of the tonsillar fossa to exclude treating the uninvolved contralateral neck; the contralateral regional recurrence rates were < 6% [7-11]. These findings suggest that not
all patients are likely to benefit from prophylactic radiation
encompassing the contralateral neck. Recently, there is an
increasing trend of younger patients with oropharyngeal
cancer usually associated with the human papillomavirus
(HPV) [12]. The treatment outcomes for HPV-related oropharyngeal cancer are superior to those of non-HPV–related disease [13,14]. These evolving trends could also support a
de-intensification strategy through a reduction of the radiation volume. Although the American College of Radiology
provided recommendations for ipsilateral neck radiotherapy
(INRT) based on published retrospective data, there are no
reports comparing the survival outcomes and failure patterns between INRT and bilateral neck radiotherapy (BNRT).
This study analyzed retrospectively the clinical outcomes
based on the radiotherapy (RT) area, for INRT versus BNRT,
in patients who underwent a tonsillectomy for the treatment
of tonsillar cancer who were matched using a propensityscoring method. The investigation was a multi-institutional,
retrospective study of the Korean Radiation Oncology
Group, 11-07.

1. Patients
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The medical records of patients with tonsillar carcinoma,
who received a tonsillectomy followed by adjuvant RT
between October 2001 and June 2012 at 16 institutes in Korea,
were reviewed retrospectively. The eligibility criteria for the
present study included (1) histologically confirmed squamous cell carcinoma in the tonsillar region, (2) non-distant
metastatic disease status at diagnosis, (3) postoperative treatment with 3D-CRT or IMRT, (4) age  20 years, (5) Eastern
Cooperative Oncology Group (ECOG) performance status
0-2, and (6) no previous radiation of the head and neck
region. Of 390 patients, 149 were excluded from the analyses
for the following reasons: advanced disease, which is classified as T3-4 or N3 (n=88); bilateral neck lymph nodes
involvement (n=37); incomplete treatment (n=2); and insufficient data for analysis (n=22). Ultimately, 241 patients were
included in the analysis.
Of these 241 patients, seventy patients were identified
from each group (INRT and BNRT) by propensity score
matching (PSM) based on their smoking history, chemotherapy, extranodal extension, T/N classification, and performance status. After PSM, the patients in each group were
comparable in terms of the potential prognostic indicators.
Table 1 lists the patient characteristics before and after PSM.
All patients underwent pretreatment workup comprising a
physical examination, routine laboratory testing (complete
blood count, liver function test), chest radiography, and neck
magnetic resonance imaging or computed tomography. 18Fdeoxyfluoroglucose positron emission tomography–computed tomography and neck ultrasonography were also
applied when necessary.
2. Treatments
The extent and radiation dose were determined by the
policies of each institution. The clinical target volume (CTV)
was defined as follows: CTV1, primary tumor bed and the
neck level of involved nodes; CTV2, adjacent neck level of
involved nodes; and CTV3, elective region of the uninvolved
neck. The planning target volume (PTV) was defined as the
CTV plus 0.3-1.0 cm in all directions. For INRT, the median
total doses applied to PTV1, PTV2, and PTV3 were 60.0 Gy
(range, 54.0 to 70.0 Gy), 59.4 Gy (range, 36.0 to 70.0 Gy), and
45.0 Gy (range, 36.0 to 54.0 Gy), respectively, with a daily
dose of 1.71 to 2.25 Gy. For BNRT, the median total doses
applied to PTV1, PTV2, and PTV3 were 63.0 Gy (range, 50.0
to 72.0 Gy), 54.0 Gy (range, 27.0 to 66.0 Gy), and 50.0 Gy
(range, 30.6 to 60.0 Gy), respectively, with a daily dose of 1.6-
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Table 1. Patients’ characteristics before and after propensity-score matching
Characteristic
Age (yr)
Median (range)
< 60
 60
Sex
Male
Female
Histologic grade
WD
MD
PD
NA
HPV
(+)
(–)
NA
Smoking
Never smoking
Yes, but quit
Current smoker
NA
Extracapsular extension
(+)
(–)
NA
T classification
1
2
N classification
0
1
2a
2b
Staging
I
II
III
IVA
Chemotherapy
Yes
No
ECOG PS
0
1
2
NA

Total population
INRT (n=84) BNRT (n=157)
54 (31-76)
58 (69.0)
26 (31.0)

54 (32-81)
113 (72.0)
44 (28.0)

73 (86.9)
11 (13.1)

141 (89.8)
16 (10.2)

14 (16.7)
45 (53.6)
17 (20.2)
8 (9.5)

Propensity score-matched population
p-valuea)

INRT (n=70) BNRT (n=70)

p-valuea)

55 (31-76)
48 (68.6)
22 (31.4)

55 (32-81)
50 (71.4)
20 (28.6)

0.496

61 (87.1)
9 (12.9)

62 (88.6)
8 (11.4)

0.796

17 (10.8)
96 (61.1)
39 (24.8)
5 (3.2)

0.087

9 (12.9)
39 (55.7)
15 (21.4)
7 (10.0)

5 (7.1)
45 (64.3)
17 (24.3)
3 (4.3)

0.348

5 (6.0)
3 (3.6)
76 (90.5)

11 (7.0)
2 (1.3)
144 (91.7)

0.526

4 (5.7)
3 (4.3)
63 (90.0)

5 (7.1)
1 (1.4)
64 (91.4)

0.807

44 (52.4)
19 (22.6)
16 (19.0)
5 (6.0)

56 (35.7)
27 (17.2)
59 (37.6)
15 (9.6)

0.010*

36 (51.4)
13 (18.6)
16 (22.9)
5 (7.1)

33 (47.1)
18 (25.7)
17 (24.3)
2 (2.9)

0.536

22 (26.2)
46 (54.8)
16 (19.0)

48 (30.6)
82 (52.2)
27 (17.2)

0.766

22 (48.6)
34 (31.4)
14 (20.0)

18 (25.7)
40 (57.1)
12 (17.1)

0.594

29 (34.5)
55 (65.5)

55 (35.0)
102 (65.0)

0.937

23 (32.9)
47 (67.1)

25 (35.7)
45 (64.3)

0.722

20 (23.8)
20 (23.8)
6 (7.1)
38 (45.2)

14 (8.9)
20 (12.7)
11 (7.0)
112 (71.3)

< 0.001*

10 (14.3)
16 (22.9)
6 (8.6)
38 (54.3)

10 (14.3)
14 (20.0)
5 (7.1)
41 (58.6)

0.953

5 (6.0)
15 (17.9)
20 (23.8)
44 (52.4)

1 (0.6)
13 (8.3)
20 (12.7)
123 (78.3)

< 0.001*

3 (4.3)
7 (10.0)
16 (22.9)
44 (62.9)

1 (1.4)
9 (12.9)
14 (20.0)
46 (65.7)

0.751

18 (21.4)
66 (78.6)

50 (31.8)
107 (68.2)

0.029*

17 (24.3)
53 (75.7)

18 (25.7)
52 (74.3)

0.845

18 (21.4)
64 (76.2)
0(
2 (2.4)

60 (38.2)
83 (52.9)
6 (3.8)
8 (5.1)

0.002*

18 (25.7)
50 (71.4)
0(
2 (2.9)

15 (21.4)
52 (74.3)
0(
3 (4.3)

0.803

0.633

0.712

Values are presented as number (%). INRT, ipsilateral neck radiotherapy; BNRT, bilateral neck radiotherapy; WD, well differentiated; MD, moderately differentiated; PD, poorly differentiated; NA, not available; HPV, human papillomavirus; ECOG, Eastern Cooperative Oncology Group; PS, performance status. *Statistical significance (p < 0.05). a)Chi-square or Fisher exact test.
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0.8
0.6
0.4
INRT (n=70)
BNRT (n=70)

0.2

B

1.0

Cumulative survival (%)

Cumulative survival (%)

1.0

0.8
0.6
0.4
INRT (n=70)
BNRT (n=70)

0.2

OS 92.8% vs. 94.0%, p=0.985

0

0

12

24

36
48
Time (mo)

DFS 80.5% vs. 94.2%, p=0.085

60

72

C

1.0
0.8
0.6
0.4
INRT (n=70)
BNRT (n=70)

0.2

0

0

12

24

36
48
Time (mo)

24

36
48
Time (mo)

60

72

D

0.8
0.6
0.4
INRT (n=70)
BNRT (n=70)

0.2

LRRFS 88.1% vs. 97.1%, p=0.083

0

12

1.0

Cumulative survival (%)

Cumulative survival (%)

0

DMFS 92.7% vs. 97.0%, p=0.370

60

72

0

0

12

24

36
48
Time (mo)

60

72

Fig. 1. Comparison of the 5-year overall survival (OS) (A), disease-free survival (DFS) (B), locoregional relapse-free survival
(LRRFS) (C), and distant metastasis-free survival (DMFS) (D) rates between the ipsilateral neck radiotherapy (INRT) and
bilateral neck radiotherapy (BNRT) groups defined by propensity-score matching.

2.4 Gy. More patients in the BNRT group received IMRT than
in the INRT group (31/70, 44.2% vs. 5/70, 7.1%, respectively). A neck dissection was performed in 59 (84.3%) and
55 (78.6%) patients in the INRT and BNRT groups, respectively. Chemotherapy was administered sequentially or concurrently with regimens, including cisplatin, carboplatin, or
cetuximab.
3. Statistical analysis
The patients were allocated to either the INRT or BNRT
group based on whether or not the radiation volume encom-
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passed the uninvolved contralateral neck. The baseline characteristics of the patients were compared using chi-sqaure or
Fisher exact tests. PSM was conducted by modeling the probability of the patients in both the INRT and BNRT groups.
The probability of each individual patient was estimated
using a logistic regression model based on their smoking history, administration of chemotherapy, extranodal extension,
T/N classification, and ECOG performance status. The
events of locoregional recurrence-free survival (LRRFS), distant metastasis-free survival (DMFS), disease-free survival
(DFS), and overall survival (OS) were defined as locoregional
recurrence, distant metastasis, any recurrence or death, and
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INRT (n=70)

BNRT (n=70)

Local failure
(6/70, 8.6%)

Local failure
(1/70, 1.4%)

3

1
0

3a)
0
1b)
Regional failure
(4/70, 5.7%)

0
4

0

0

0

Distant failure
(4/70, 5.7%)

0
Regional failure
(1/70, 1.4%)

1
1

Distant failure
(2/70, 2.9%)

Median follow-up 55 mo (range, 3-133 mo)

Fig. 2. Patterns of failure in the ipsilateral neck radiotherapy (INRT) and bilateral neck radiotherapy (BNRT) groups defined
by propensity-score matching. a)Including two contralateral regional faliure, b)Including one contralateral regional faliure.

death, respectively. The survival rates were calculated from
the initial date of treatment (tonsillectomy) to the date of each
event or the last follow-up and were compared using the
Kaplan-Meier method and log-rank test. The treatmentrelated toxicities were graded using the Radiation Therapy
Oncology Group acute and late morbidity scoring system
[15]. Acute toxicity was defined as occurring within 90 days
of the initiation of treatment with toxicity considered late.
The rates of toxicities in the two groups were compared
using chi-square or Fisher exact tests. In all tests, p-values of
< 0.05 were considered significant.

Results
1. Survival and patterns of failure
The median follow-up duration of the PSM population
was 55 months (range, 3 to 133 months). The 5-year LRRFS
(88.1% vs. 97.1%, p=0.083) and DFS (80.5% vs. 94.2%,
p=0.085) rates were higher in the BNRT group than in the
INRT group with borderline significance. No significant differences in the DMFS (92.7% vs. 97.0%, p=0.370) and OS
(92.8% vs. 94.0%, p=0.985) were observed (Fig. 1). Fig. 2 pres-

ents the patterns of failure. A total of 11 patients (15.7%) in
the INRT group experienced recurrence, whereas only three
patients (4.3%) experienced recurrence in the BNRT group.
In the INRT group, three (4.3%) and one (1.4%) patient had
isolated local and regional recurrence, respectively, three
(4.3%) had locoregional recurrence, and four (5.7%) experienced distant recurrence. In the BNRT group, one patient
each experienced local, distant, and regional with distant
recurrences. Three patients (4.3%) and no patients had contralateral regional recurrence in the INRT and BNRT group,
respectively, but the difference between the groups was not
statistically significant (p=0.245). The three patients in the
INRT group with contralateral regional recurrence included
one with an isolated regional recurrence and two with
regional combined with local recurrence.
In subgroup analysis, there were no contralateral neck
recurrences in patients with T1-2N0-2a regardless of the
treatment groups, INRT or BNRT. For patients with N2b,
contralateral neck recurrence was more common in the INRT
group than in the BNRT group (3/38 patients [7.9%] vs. 0/41
patients [0.0%], respectively), but the difference was not statistically significant (p=0.107). There was also a difference in
the 5-year LRRFS (84.8% vs. 94.3%, p=0.234), but no statistical
significance was identified. The 5-year OS (92.0% vs. 89.6%,
p=0.750) was similar in the two groups after salvage treatment.
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Table 2. Acute and late toxicities of the patients treated with INRT and BNRT
Gradea)

Toxicity
Acute
Xerostomia

Oral mucositis

Late
Xerostomia

p-valueb)

INRT (n=70)

BNRT (n=70)

0
1
2
3
0
1
2
3

32 (45.7)
29 (41.4)
8 (11.4)
1 (1.4)
10 (14.3)
32 (45.7)
23 (32.9)
5 (7.1)

11 (15.7)
32 (45.7)
25 (35.7)
2 (2.9)
7 (10.0)
17 (24.3)
33 (47.1)
13 (18.6)

< 0.001*

0
1
2
3

38 (54.3)
29 (41.4)
3 (4.3)
0(
61 (87.1)
9 (12.9)
0(

19 (27.1)
31 (44.3)
18 (25.7)
2 (2.9)
49 (70.0)
15 (21.4)
6 (8.6)

< 0.001*

Dysphagia
1
2

0.015*

0.008*

Values are presented as number (%). INRT, ipsilateral neck radiotherapy; BNRT, bilateral neck radiotherapy. *Statistical significance (p < 0.05). a)Radiation Therapy Oncology Group acute and late morbidity scoring criteria, b)Chi-square or Fisher exact
test.

Table 3. Salvage treatment in patients with a locoregional recurrence (n=9)
No
1
2
3
4
5
6
7
8
9

Sex/Age
(yr)

Stage

CCRT

RTa)

Total
dose (Gy)

Location of recurrence

Time to
recurrence (mo)

Treatment for
recurrence

Last
status

M/52
M/54
M/65
M/51
M/51
M/47
M/78
M/53
M/67

cT2N0
cT2N2b
cT2N2a
cT2N2b
cT2N2b
cT2N2b
cT1N2b
cT2N2b
cT2N2b

N
N
N
Y
Y
N
N
Y
N

INRT
BNRT
INRT
INRT
INRT
INRT
BNRT
INRT
INRT

64.8
60.0
66.0
60.0
60.0
63.0
63.0
63.0
54.0

Local
Local
Local
Local
Local+regional (contralateral)
Local+regional (ipsilateral)
Regional (ipsilateral)+distant
Local+regional (bilateral)
Regional (contralateral)

7
3
27
6
20
5
12
51
22

None
Surgery
Surgery
Surgery
OP+reRT+CT
CT
CT
None
Surgery

NA
CR
CR
CR
CR
PD
PD
NA
CR

CCRT, concurrent chemoradiation; RT, radiotherapy; N, no; INRT, ipsilateral neck radiotherapy; NA, not available; BNRT,
bilateral neck radiotherapy; CR, complete response; Y, yes; OP, operation; reRT, re-radiotherapy; CT, chemotherapy; PD, progressive disease. a)All patients with locoregional recurrence were treated by three-dimensional conformal radiotherapy.

2. Toxicities
Table 2 compares the acute and late toxicities occurring in
patients in the INRT and BNRT groups. A statistically significant difference in the occurrence of grade  2 acute toxicities
was observed between the INRT and BNRT groups (45.7%

1102

CANCER RESEARCH AND TREATMENT

vs. 74.3%, p=0.001). Xerostomia was observed three times
more frequently in the BNRT group than in the INRT group
(38.6% vs. 12.9%, p=0.001), and severe oral mucositis (grade
3) was observed in 7.1% and 18.6% of patients in the INRT
and BNRT groups, respectively (p=0.043). Among the late
toxicities, 20 patients (28.6%) in the BNRT group suffered

Youngkyong Kim, Ipsilateral Versus Bilateral Neck RT in Tonsil Cancer

persistent xerostomia, compared to only three (4.3%) in the
INRT group. No grade 3 toxicity was observed in either
group, but six patients (8.6%) in the BNRT group experienced grade 2 dysphagia. The overall incidence of grade  2
late toxicities were 7.1% in INRT and 18.6% in BNRT (p <
0.001).
3. Salvage treatment after locoregional recurrence
Nine patients experienced locoregional recurrence; five of
them were salvaged successfully with surgery or combined
treatment (Table 3). Two patients died of progressive disease,
despite chemotherapy. No information on the treatment after
recurrence was available for the remaining two patients
because they were loss to follow-up.

Discussion
Although current consensus recommendations [16] suggested bilateral prophylactic neck irradiation for N2b or
more advanced disease, the data from a cohort of patients,
> 50% of whom had N2b disease, showed that INRT provides favorable outcomes with less RT-related toxicity in
patients with tonsillar carcinoma. In this study, the 5-year
LRRFS of patients receiving INRT was 88.1%, and contralateral neck recurrence was 4.3%. These results are similar to
those reported in previous studies using INRT for the treatment of cancer of the tonsillar region [7-11]. As one of the
largest series evaluating INRT for sparing the uninvolved
contralateral neck, O’Sullivan et al. [11] reported that INRT
resulted in a 3-year local control rate of 77% and 3.5% contralateral regional recurrence in 228 patients with carcinoma
of the tonsillar region. In their study, six out of eight patients,
whose primary lesion involved the palate or base of the
tongue, showed contralateral neck failure, and they suggested that disease confined to the mucosa and with no more
than 1 cm of medial extension could be treated safely by
INRT. Since that report, several studies have supported
INRT as an effective approach in selected patients without
N3 disease. Chronowski et al. [8] reported excellent outcomes of INRT in a limited number of patients (n=102) with
TX-2 and NX-2b with low rates of contralateral neck nodal
relapse (2%) and perfect locoregional control (5-year rate
100%). Other studies including T3 disease also suggested
favorable outcomes, and reported contralateral recurrence
rates of 1%-6% and 5-year locoregional control of 90%-94%
[7,10].
Our data indicated a borderline significant difference in
LRRFS between the INRT and BNRT groups in the PSM pop-

ulation (88.1% vs. 97.1%, p=0.083). In the BNRT group, localregional recurrence occurred in two patients (one local and
one regional and distant). In the INRT group, local-regional
recurrence occurred in seven patients (three local, three localregional, and one isolated contralateral). Of these six patients
with local recurrence, two patients showed out-of-field local
failure and the remaining four patients had in-field failure.
The difference in LRRFS may be due to the difference in
radiation modality, in which only five patients (7%) in the
INRT group were treated with IMRT compared to 31 patients
(44%) in the BNRT group. Delivering a homogeneous radiation dose to the target volumes including the cervical lymphatic area by 3D-CRT is an inherent challenge. McBride et
al. [17] reported that better local control can be achieved
using IMRT for the treatment of oropharyngeal cancer. They
revealed a lower locoregional failure rate for IMRT compared to conventional RT (1.3% vs. 10.7%, p=0.017). The
other advantage of IMRT includes its ability to deliver a
higher dose to the target volume with a limited dose to the
normal organs. In this study, the median prescribed dose in
eight patients with locoregional recurrence (excluding one
isolated contralateral regional recurrence among total nine
patients) was 63 Gy (range, 60 to 66 Gy), which was similar
to the 63 Gy (range, 50 to 72 Gy) in the BNRT group. The
median PTV doses of four patients with in-field local failure
in the INRT group were 60.0, 63.0, 63.0, and 64.8 Gy, respectively. Therefore, a higher local failure rate in the INRT group
might have been related to other factors, such as the inhomogeneous dose distribution, rather than the prescription
dose. Considering that the major pattern of failure was local
recurrence in the INRT group, where 3D-CRT were used in
the majority of patients, the wider adoption of IMRT in
recent years may improve local control in patients treated
with INRT.
The RT modality (3D-CRT vs. IMRT) could have been used
as a variable for PSM to minimize bias. On the other hand,
3D-CRT was covered by the National Health Insurance in
Korea during the period of this study, whereas IMRT was
not. Therefore, 3D-CRT was used more often in relatively
simple INRT, whereas IMRT was used more frequently for
BNRT. Hence, there might be a discrepancy in the socio-economic status between the two groups, which could affect the
clinical outcome. Considering that all potential unfavorable
compounding factors were potentially more prevalent in the
INRT group, the 5-year OS rate in this group was not inferior
to that in the BNRT group (92.8% vs. 94.0%, p=0.985). This is
partly due to the successful salvage treatment; of five
patients receiving salvage treatment after locoregional recurrence in the INRT group, four (80%) achieved a complete
response.
Subgroup analysis of the patients with N2b revealed considerable differences in the 5-year LRRFS (84.8% vs. 94.3%,
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p=0.234) and contralateral neck recurrence (7.9% vs. 0.0%,
p=0.107) between the INRT and BNRT groups. If the analyses were performed with a larger cohort, it might have
reached statistical significance. On the other hand, the risks
of contralateral neck recurrence are still small (7.9%) with
only one patient with an isolated contralateral neck, which
was salvaged successfully by a surgical resection. Therefore,
INRT for patients with N2b can still be offered cautiously for
patients who are fit for BNRT.
A HPV infection is associated with favorable outcomes
(locoregional control and survival) [13]. Unfortunately,
information on the HPV infection status was limited to a
small subset of patients in the present study (21/241, 9%);
hence, the importance of HPV as a prognostic factor could
not be assessed. In addition, the smoking history is an
important prognostic indicator. The data contained a similar
distribution of non-smokers between the both groups (INRT
51.4% vs. BNRT 47.1%, p=0.536).
Significant differences in the toxicities during or after RT
were observed between the INRT and BNRT groups. The
patients in the BNRT group were more likely to have persistent xerostomia and dysphagia compared to those in the
INRT group, even though more patients in the BNRT group
were treated with IMRT (INRT 7.1% vs. BNRT 44.2%). Only
three patients (4%) in the INRT group experienced grade  2
xerostomia, whereas 20 patients (29%) in the BNRT group
experienced this problem. Moreover, approximately 10% of
patients receiving BNRT experienced grade 2 dysphagia,
whereas none of the patients undergoing INRT did. The 3%
rate of xerostomia in this population was modestly superior
to that of the 8% reported by Dan et al. [18] who published
the outcomes of INRT for node-positive tonsil cancer with a
median follow-up of 37.2 months. IMRT is an advantageous
option to reduce xerostomia when treating head and neck
cancer because it facilitates the delivery of lower radiation
doses to the parotid gland. Vergeer et al. [3] compared IMRT
with 3D-CRT with regard to xerostomia in head and neck
squamous cell carcinoma and reported that the mean dose
to the parotid glands was reduced significantly (27 Gy vs. 43
Gy, p < 0.001). Grade 2 xerostomia was observed less frequently in patients treated with IMRT than 3D-CRT (32% vs.

56%, p=0.002). The xerostomia rate of 32% after IMRT treatment was consistent with our finding of 29% in the BNRT
group; however, it was considerably worse than the 4% of
the patients observed in the INRT group. Jellema et al. [6],
who evaluated RT-induced xerostomia by comparing INRT
with BNRT in head and neck cancer, reported that the salivary function could be recovered to the baseline level by
sparing the contralateral neck, being compensated for by
hyperfunction of the contralateral parotid. Considering the
findings from previous studies, exclusion of the uninvolved
contralateral neck from the target volume is a more favorable
strategy for maintaining the salivary function after treatment,
even though the IMRT was adopted widely for the treatment
of head and neck cancer.
The limitations of this study are related to its retrospective
nature. INRT was compared with BNRT in terms of the
locoregional control and survival in a population adjusted
by PSM. Although the heterogeneous distribution of the clinical parameters that could influence the prognosis of patients
was balanced after PSM, unknown confounding factors, such
as physician selection bias regarding which patients received
INRT, could remain.
In conclusion, given the data suggesting comparable outcomes with less toxicity, INRT is an attractive strategy in
T1-2N0-2a patients with tonsillar carcinoma, compared to
BNRT. For patients with N2b, there were small risks of contralateral neck recurrence when treated with INRT, but its
impact on OS was limited with successful salvage treatment.
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Purpose
The cancer survival was characterized by following up sampled subgroups of cancer cases
from three population-based cancer registries in Northeast China.
Materials and Methods
Survival analysis was used to analyze 6,871 patients, who had one of the 21 most common
cancers based on sampling from the population-based cancer registries of three cities in
Liaoning Province. All patients were diagnosed between 2000 and 2002 and were followed
up to the end of 2007 by active and passive methods. The 5-year age standardized relative
survival rates (ASRS) were estimated for all cancers combined and each of the 21 individual
cancers.
Results
The survival status was traced for 80.8% of 8,506 sampled cancer cases. The 5-year ASRS
for all 21 cancers combined was 41.5% (95% confidence interval, 40.3 to 42.7), the highest
ASRS was observed for thyroid cancer (85.2%), breast cancer (78.9%), uterine corpus cancer (75.9%), and urinary bladder cancer (70.2%); the lowest 5-year ASRS was noted in pancreatic cancer (8.8%), liver cancer (11.0%), esophageal cancer (18.8), and lung cancer
(19.6%). The cancer survival rates in Liaoning cities were similar to those of urban areas in
mainland China, but significantly lower than those in Hong Kong, Korea, and Japan.
Conclusion
The strikingly poor cancer survival rates in three cities of Liaoning Province and in other
places in China highlight the need for urgent investment in cancer prevention, early detection, and standardized and centralized treatment.
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Introduction
Population-based cancer survival estimates reflect the general efficacy of cancer healthcare services and provide a key
indicator of the progress in cancer control for a given region.
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China has 3.09 million newly diagnosed cancer patients and
1.96 million cancer deaths each year, making effective cancer
control an increasing challenge to the healthcare system in a
country of 1.35 billion people [1,2]. Forty-four registries from
19 provinces provided data on the cancer incidence and mortality in China in 2011 [3], but population-based cancer sur-
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vival estimates are only available for three large cities (Hong
Kong, Shanghai, and Tianjin) and one rural county (Qidong)
[4]. A recent paper reported the first pooled-analysis of the
cancer survival data of 2003-2005 in China [5], and found that
Chinese cancer patients had a significantly lower age-standardized 5-year relative survival rate for all cancers combined (30.9%) and most individual cancers relative to developed countries, with a marked disparity in the 5-year relative survival rate for individuals in urban regions (39.5%)
and rural regions (21.8%). On the other hand, the low population representativeness (approximately 2% of the national
population) and the limited geographic coverage provided
by the 17 registries make it difficult to generalize these numbers to other areas of China, particularly for urban regions,
because it only examined three large cities (Beijing, Dalian,
and Zhongshan); more studies from other cities are warranted.
Similar to other developing countries, the incomplete or
inaccurate personal identity information in the death and
cancer registry certificates or records make it difficult to perform a passive follow-up of cancer patients in China, a procedure that is common in Western countries [6,7]. A study in
India showed that passive follow-up alone results in a large
upward bias for cancer survival estimates [8]. A high
response rate is difficult to achieve when actively following
up a large number of newly diagnosed cancer cases because
this requires substantial finances, personnel, time, and other
resources, particularly in China, which has approximately 3
million newly diagnosed cancers each year. Therefore, following up a sampled subgroup of a population-based cancer
registry with passive and active follow-up methods may be
a reasonable and cost-efficient method to estimate the cancer
survival rates in the general population. Calculation of the
age-standardized survival ratios (ASSR) makes it possible to
estimate the survival rates of a target cancer population by
following up the sampled cancer cases; these estimates are
comparable to the survival data of other regions [9,10]. Previous studies have used this method to estimate and compare the cancer survival rates in the Philippines [11,12]. The
aim of the present study was to provide the first estimate of
the 5-year survival rates for 21 major cancers in the urban
areas of Liaoning Province.

Materials and Methods
1. Cancer registry in Liaoning
The population-based cancer registry and death registry
in the three cities of Liaoning Province was established by

the Liaoning Provincial Center for Disease Control and Prevention (LNPCDCP) in 1982 and 1984, respectively. These
registries used passive notification to register all cancer cases
diagnosed in each city according to the Guidelines for Chinese Cancer Registration, which followed the rules of the
International Agency for Research on Cancer. In the period,
2000 to 2005, the average annual incidence of cancer was 190
per 100,000 for males and 155 per 100,000 for females.
This study was approved by the ethics committee of Liaoning Provincial Center for Disease Control and Prevention.
2. Selection of patients for follow-up
To obtain representative and stable survival rate estimates
for the major cancers in the urban population of Liaoning
Province, randomly sampled subgroups of the 21 most common cancers from three of seven registries (Shenyang,
Anshan, and Benxi) were actively followed up. These registries were selected based on the representativeness of
socioeconomic development, quality of medical service, and
population size.
The cancer registry database of three cities from 1 January
2000 to 31 December 2002 revealed 32,877 incident cases. The
most common 21 cancers (accounting for 92.4% of all cases)
were selected for the analysis (30,384 cases). This study used
a sampling procedure similar to that used in following up
subsamples of the cancer population in the Philippines
[11,12]. At least 200 cases for of each sex were selected randomly for each individual cancer. For gender-specific cancers, 200 cases were selected for each sex in the database of
2000-2002. All cases were included if a specific cancer had
fewer than 200 cases for each gender. A total of 8,506 cases
were sampled, accounting for 28.0% of the 30,384 cases for
the 21 cancers registered during 2000-2002 in the three cities.
3. Follow up procedure
A mixture of active and passive methods was used to follow up the survival status of the selected patients until
December 31, 2007. First, the clinical follow-up notes were
checked in each hospital where the patients had been diagnosed and treated to confirm the diagnosis and to collect vital
information. Second, a passive follow-up was conducted by
matching the selected cases with the records from the death
registry database in the LNPCDPC. Third, all remaining
cases were matched with the records in the personal identification card database from the police bureau of three cities,
in which a unique PIN or a combination of personal identifiers were used by combining the first and last names,
address, and date of birth. Fourth, an active follow-up by
personal visits to the patients, their families, or work places
at the last known place of residence/work was used to
VOLUME 49 NUMBER 4 October 2017

1107

Cancer Res Treat. 2017;49(4):1106-1113

Table 1. Characteristics of the cancer patients sampled and analyzed in three cities of Liaoning Province, China from 20002002, with a follow-up to the end of 2007 by active and passive methods
Incidence
Sampled
No. (n=32,877)

Cancer

ICD-10

Oral cavity
Esophagus
Stomach
Colon
Rectum
Liver
Pancreas
Lung
Bone
Skin
Breast
Cervix
Corpus uteri
Ovary
Prostate
Kidney
Urinary bladder
Brain
Thyroid
Lymphoma and
multiple myeloma
Leukemia
21 Cancers combined
Other cancers

C00-14
C15
C16
C18
C19-21
C22
C25
C33-34
C40-41
C43-44
C50
C53
C54-55
C56
C61
C64
C67
C70-72
C73
C81

493
1,112
3,283
1,797
2,278
2,905
866
8,647
330
182
3,075
512
426
638
180
982
604
658
302
494

360 (73.0)
547 (49.2)
475 (14.5)
414 (23.0)
442 (19.4)
397 (13.7)
658 (76.0)
561 (6.5)
236 (71.5)
143 (78.6)
360 (11.7)
360 (70.3)
319 (74.9)
360 (56.4)
155 (86.1)
501 (51.0)
526 (87.1)
506 (76.9)
253 (83.8)
407 (82.4)

C91-95

620
30,384
2,493
(7.58)

526 (84.8)
8,506 (28.0)
-

Un-analyzed
DCO
25 (6.9)
37 (6.8)
2 (0.4)
0(
0(
3 (0.8)
61 (9.3)
3 (0.5)
21 (8.9)
9 (6.3)
3 (0.8)
9 (2.5)
14 (4.4)
6 (1.7)
5 (3.2)
30 (6.0)
23 (4.4)
56 (11.1)
6 (2.4)
29 (7.1)
47 (8.9)
389 (4.6)
-

Lost
54 (15.0)
69 (12.6)
32 (6.7)
27 (6.5)
51 (11.5)
31 (7.8)
69 (10.5)
44 (7.8)
33 (14.0)
34 (23.8)
33 (9.2)
58 (16.1)
52 (16.3)
34 (9.4)
17 (11.0)
65 (13.0)
63 (12.0)
84 (16.6)
36 (14.2)
51 (12.5)
48 (9.1)
985 (11.6)
-

Excluded
6 (1.7)
10 (1.8)
7 (1.5)
3 (0.7)
2 (0.5)
17 (4.3)
9 (1.4)
12 (2.1)
57 (24.2)
5 (3.5)
6 (1.7)
22 (6.1)
8 (2.5)
14 (3.9)
4 (2.6)
5 (1.0)
7 (1.3)
52 (10.3)
7 (2.8)
7 (1.7)
1 (0.2)
261 (3.1)
-

Analyzed

Histologically
verified

275 (76.4)
431 (78.8)
434 (91.4)
384 (92.8)
389 (88.0)
346 (87.2)
519 (78.9)
502 (89.5)
125 (53.0)
95 (66.4)
318 (88.3)
271 (75.3)
245 (76.8)
306 (85.0)
129 (83.2)
401 (80.0)
433 (82.3)
314 (62.1)
204 (80.6)
320 (78.6)

228 (82.9)
287 (66.6)
353 (81.3)
323 (84.1)
318 (81.7)
115 (33.2)
249 (48.0)
315 (62.7)
81 (64.8)
81 (85.3)
296 (93.1)
243 (89.7)
235 (95.9)
257 (84.0)
98 (76.0)
304 (75.8)
370 (85.5)
249 (79.3)
179 (87.7)
155 (48.4)

430 (81.7)
6,871 (80.8)
-

367 (85.3)
5,103 (74.3)
-

Values are presented as number (%). ICD-10, International Classification of Diseases, 10th edition; DCO, notification by death
certificates only.

ascertain the survival of a patient whose status could not be
confirmed by the record linkage.
The original sample of 21 selected cancers included 8,506
patients. The survival was traced and 6,871 cases (80.8%)
were finally included in the analysis. The list comprised 4,908
patients who died and 2,352 who were alive as of December
31, 2007. A total of 1,635 cases were excluded from the analysis due to loss to follow up (n=985, 11.6%), notification by
death certificates only (DCO; n=389, 4.6%), and problems in
the final diagnosis (n=261, 3.1%).
4. Statistical analysis
1) Age-standardization of the survival rates
The relative survival rate was estimated as the ratio of the
observed survival rate to the expected survival rate. In this
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study, the expected survival probabilities were estimated
from age- and sex-specific abridged life tables of the three
cities using the Ederer II method [13]. A direct standardization method [9] was used to estimate the relative survival
rates of all eligible patients, the weights were equal to the inverse of the sampling proportion for each stratum of age and
sex of the cancer in the corresponding database. The International Cancer Survival Standard weights [14] and the estimated incident cancer cases from developing countries in
2002 [15] were used as the standard cancer populations to
calculate the ASSRs. This allowed a comparison of the present results with those of other countries or other areas in
China [5,16-18]. All statistical analyses were performed using
a specific program for the cancer survival in SAS software
ver. 9.1 [19].
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Table 2. Age standardized 5-year relative survival rates (%) weighted to the original age and sex structure of the corresponding
cancer in the 2000-2002 database for 21 cancers diagnosed from 2000-2002 in three cities of Liaoning Province, China
Age-standardized survival ratio

Cancer
Oral cavity
Esophagus
Stomach
Colon
Rectum
Liver
Pancreas
Lung
Bones
Skin
Breast
Cervix
Corpus uteri
Ovary
Prostate
Urinary bladder
Kidney
Brain
Thyroid
Lymphoma and multiple myeloma
Leukemia
All 21 cancers

Male

Female

All

39.2±3.4
17.0±2.0
31.4±2.7
55.5±3.6
56.3±3.3
8.8±1.6
8.7±1.5
18.1±2.2
33.5±5.2
46.5±6.5
38.6±4.7
71.9±3.0
59.9±3.1
39.9±3.4
77.5±6.9
32.8±3.0
21.5±2.4
34.8±0.8

45.8±4.5
20.4±3.5
35.2±3.4
57.2±3.4
56.1±3.5
15.2±3.2
8.6±1.7
21.5±2.4
38.5±6.0
41.2±7.9
78.9±2.2
59.0±2.6
76.5±2.5
37.9±2.4
62.1±4.5
59.8±3.9
45.5±3.7
85.1±2.7
31.0±3.9
19.3±2.4
50.5±0.8

41.6±2.7
17.8±1.7
32.8±2.1
56.4±2.5
56.2±2.4
10.7±1.5
8.6±1.1
19.7±1.6
35.8±4.0
44.3±5.0
78.9±2.2
59.0±2.6
76.5±2.5
37.9±2.4
38.6±4.7
69.3±2.5
59.9±2.4
42.5±2.5
83.7±2.6
32.1±2.4
20.5±1.7
43.4±0.6

Values are presented as mean±standard deviation.

Table 3. Age-standardized 5-year relative survival rates (%, by estimated incident cancer cases from developing countries
2002 [15]) of cancer patients in three cities of Liaoning Province (2000-2002), and Hong Kong (1996-2001 [16]) and Incheon
of Korea (1997-2001) [20]
Cancer
Prostate
Melanoma of skin
Ovary
Cervix
Liver
Breast
Thyroid
Pancreas
Corpus uteri
Esophagus
Urinary bladder
Stomach
Kidney
Brain
Lung

Liaoning

Hong Kong

Difference

Incheon

Difference

39.6
30.7
38.8
59.0
11.0
78.9
85.2
8.8
75.9
18.8
70.2
33.4
60.3
42.6
19.6

79.3
60.1
63.6
77.3
22.4
90.0
93.7
17.2
84.1
26.1
75.9
38.7
65.5
46.7
22.1

–39.7
–29.4
–24.8
–18.3
–11.4
–11.1
–8.5
–8.4
–8.2
–7.3
–5.7
–5.3
–5.2
–4.1
–2.5

63.5
71.0
52.7
73.8
16.0
74.3
90.0
11.3
82.2
21.7
65.9
42.9
64.4
39.6
18.4

–23.9
–40.3
–13.9
–14.8
–5.0
4.6
–4.8
–2.5
–6.3
–2.9
4.3
–9.5
–4.1
3.0
1.2

Difference: rate differences between Liaoning and Hang Kong [17] and Incheon, Korea [20].
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Results
Table 1 lists the numbers and percentages of the 21 most
common cancers that were followed up. A total of 8,506 sampled cases were included, which accounted for 28.0% of the
30,384 cases of the 21 major types of cancers registered during 2000-2002 in the three cities of Liaoning. The sampling
rates ranged from 6.5% (lung cancer) to 86.1% (prostate cancer), and the overall percentage of cases registered as DCOs
was 4.6%. The survival status of 985 cases (11.6%) could not
be confirmed. Another 261 cases (3.1%) were excluded
because the final diagnoses were benign, uncertain, or borderline malignancy; in situ (except breast and bladder cancer); or metastatic to the index organ from elsewhere. Thus,
80.8% of 8,506 cases sampled were included to estimate the
survival probability.
Table 2 lists the 5-year relative ASSRs adjusted to the age
structure of each cancer in the original database. The most
favorable 5-year ASSRs were thyroid cancer (83.7%), breast
cancer (78.9%), uterine corpus cancer (76.5%), urinary bladder cancer (69.3%), and kidney cancer (59.9%). The least
favorable 5-year ASRRs were for pancreatic cancer (8.6%),
liver cancer (10.7%), esophageal cancer (17.8%), lung cancer
(19.7%), and leukemia (20.5%). Females had better 5-year survival rates than males for most cancers, except for urinary
bladder cancer, skin cancer, leukemia, lymphoma and multiple myeloma, pancreatic cancer, and rectal cancer.
Table 3 compares the 5-year relative ASSRs of the cancer
patients from Liaoning cities (2000-2001), Hong Kong (19962001) [16], and Incheon, Korea (1997-2001) [20]; all were
adjusted to the estimated age structure of the incident cancer
cases from developing countries in 2002 [15]. The patients
from Liaoning had significantly lower survival rates than
those from Hong Kong for all 15 comparable cancers, and
these differences ranged from –2.5% (lung cancer) to –39.7%
(prostate cancer). They also had significantly lower survival

rates than those from Incheon, Korea for 11 out of 15 cancers,
except for breast cancer, urinary bladder cancer, brain cancer,
and lung cancer.
Table 4 lists the 5-year relative ASSRs adjusted for age with
the International Cancer Survival Standard weights [14] of
six selected cancers and all cancers among three cities in
Liaoning (2000-2002) and the urban and rural areas of China
(2003-2005) [5] and Japan (1997-1999) [21]. The 5-year relative
ASSRs were comparable in the three cities and urban areas
(three cities) of China, but were significantly lower than those
of Japan.

Discussion
To the best of the authors’ knowledge, this is the first
report of the population-based cancer survival estimates of
major cancers in Northeast China. Considerable effort was
made to follow up 80.8% of the 8,506 sampled cancer patients. A total of 11.6% of patients were lost to follow up. This
which is similar to two studies in the Philippines, which had
follow up rates of 78.0% and 77.9%, respectively [11,12]. A
total of 6,871 patients were included in the final analysis, and
4,519 (65.8%) of these patients died by the end of the followup. A passive follow-up by linkage to the death database
only confirmed 2,434 of the 4,519 deaths (53.9%). Additional
follow-up (checking the medical records in hospitals: 340
deaths; personal identification database, 1,239 deaths; and
home visits, 517 deaths) confirmed another 2,096 deaths
(42.7%). This supports the findings of a study in India [8] in
that the use of passive case follow-up alone will lead to a serious upward bias for the cancer survival estimates.
The developing country 2002 weighted 5-year cancer survival rates for Liaoning cities were significantly lower than
that of Hong Kong [16] for all 15 cancers (Table 3) and

Table 4. Age-standardized 5-year relative survival rates (%, by international standard cancer patient population [16]) of cancer
patients in three cities of Liaoning Province, and urban China [5] and Japan (1997-1999) [21]
Cancer
Esophagus
Stomach
Colorectum
Liver
Lung
Breast
All
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Male

Female

Liaoning

Urban China

Japan

Liaoning

Urban China

Japan

17.4
31.5
56.0
8.8
17.9
35.1

18.9
31.8
51.8
16.1
19.0
33.9

30.7
62.6
68.4
23.7
22.4
50.0

21.2
34.4
56.7
15.3
21.6
77.7
49.9

23.6
34.3
50.5
16.8
20.5
77.8
45.3

37.3
61.2
65.5
21.8
33.5
85.5
59.8
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Incheon, Korea for 11 out of 15 cancers [20]. The largest differences in survival were for prostate cancer (39.6% vs.
79.3%), melanoma (30.7% vs. 60.1%), and ovarian cancer
(38.8% vs. 63.6%). The smallest differences were for lung cancer (19.6% vs. 22.1%), brain cancer (42.6% vs. 46.7%), and kidney cancer (60.3 vs. 65.5%). Because of the different follow-up
times used in the present study (2000-2002 cases followed up
until 2007) and the Hong Kong study (1996-2001 cases followed up until 2003) [16], the real difference in cancer survival rates between these two regions should be considered
an underestimate. These results are also consistent with the
findings that China had significantly lower cancer survival
rates than developed countries [5]. China has substantial
inter- and intra-regional inequality in socioeconomic development, healthcare coverage, and healthcare affordability
[22]. Wide differences in cancer survival rates can be found
between countries or regions with different gross national
incomes (GNI) per person [23]. Therefore, the finding that
the cancer survival rates are best in Hong Kong, intermediate
in urban China and Liaoning cities, and poor in rural China
[5,16], or best in Hong Kong, intermediate in Shanghai, and
poor in Qidong [16-18] (depending on the type of cancer) is
expected because this reflects the per person GNIs of different regions of China. This reflects the large differences in the
efficacy of cancer control and treatment in a country with
serious healthcare inequalities [22].
Compared to the results of a recent population-based
study in China [5], three Liaoning cities and urban China
overall (three cities) had similar 5-year survival rates for all
cancers combined (43.2% vs. 39.5%) as well as for individual
cancers, but all were significantly lower than the corresponding rates of Japan [21]. This highlights the need to obtain
reliable estimates of the cancer survival rates by following
up a sampled subgroup of a population-based cancer registry with passive and active follow-up methods in developing countries, such as China, India, and the Philippines
[4,8,11,12].
As expected, significantly decreasing cancer survival rates
with increasing age and stage at diagnosis for all cancers
were observed (data not shown). A few organized cancer
screening programs in Liaoning Province operated during
the period covered by this study. A 2009 survey by the present author (unpublished) showed that only 9.2% of citizens
over 18 years of age in Liaoning province have ever participated in cancer screening examinations in the past 5 years.
In addition, 14.2% of breast cancer patients, 17.6% of cervical
cancer patients, and 25.8% of ovarian cancer patients were at
stage I at diagnosis, which is significantly lower than the
rates for Hong Kong (22.2%, 31.9%, and 42.0%, respectively)
[24-26]. The lower cancer screening rates and delayed diagnosis for patients in the present study provides striking evidence that the lack access to quality healthcare contributes

to the significant inequality in survival rates for different
regions of China [2,5].
Previous studies showed that the standard treatment protocols provide the best treatment based on previous clinical
trials and that the centralization of hospitals for the diagnosis
and treatment of cancer is associated with the better delivery
of appropriate therapies [2]. A survey of six cities of Liaoning
Province in 2004 showed that only 32.5% of all cancer
patients received standard therapy, ranging from 3.6% for
gallbladder cancer to 52.6% for breast cancer between 1991
and 2000 [27]. This was significantly lower than the corresponding rate of 82.2% in Shanghai [27]. Large variations
occurred in the introduction and implementation of standard
therapy protocols for different types of hospitals: 46.8% for
cancer specific hospitals attached to municipal hospitals,
33.5% for cancer departments of hospitals at the municipal
or county levels, and 3.3% for other hospitals without cancer
departments [27,28]. The lower levels of standardized and
centralized treatment are related to the limitations in personnel, training, facilities, management, and economic factors,
which likely contributed to the lower cancer survival rate in
Liaoning Province.
Some limitations should be considered in interpreting
these cancer survival estimates. First, the 5-year survival
rates for 21 major cancers were estimated by following up a
sampled subgroup of a population-based cancer registry,
rather than all cases in the registry. On the other hand, the
random samples from the population-based registries should
reasonably represent the distribution of all cases in the registry. Compared to the large bias introduced when using passive follow-up alone in places with limited resources, such
as China and other developing countries, it is believed that
following up a sampled subgroup using passive and active
methods together provides a higher response rate and a
more reliable estimate [8,11,12]. Although sampling errors
would bias the estimations to some extent, the use of age
standardization and assessments of the relative survival
reduce the impact of age differences and make the survival
estimates more comparable with other data. Therefore, the
present results can serve as a baseline for subsequent comparisons that seek to assess any improvements in cancer survival. Second, although considerable efforts were made to
actively follow-up the sampled patients, 391 cases (11.6%)
were lost to follow-up for a variety of reasons, primarily high
population migration and mobility. The cases lost to followup were assumed to have not received better treatment than
those who were traced, so the reported survival rates should
be considered as overestimates. Third, the information on the
distribution of cancer stages was incomplete and not fully
comparable for most cancers in the four cancer registries.
This limited the ability to explore the issues underlying the
survival differences in more detail. Nevertheless, the pooled
VOLUME 49 NUMBER 4 October 2017

1111

Cancer Res Treat. 2017;49(4):1106-1113

data for each group showed decreasing survival rates with
increasing stages for all cancers, adding strength to the data
quality in this study.
The remarkably lower cancer survival rates in the urban
areas of Liaoning Province relative to Hong Kong, Korea,
and Japan highlight the need for urgent and adequate investment in comprehensive cancer control for Liaoning Province.
In addition, to improve the accessibility and affordability of
healthcare services for the general population, efforts are
needed to improve public and professional awareness, early
detection, and prompt treatment using standardized and
centralized care. Provincial cancer-control policies should
focus on balanced investments in the prevention, early
detection, and treatment of the most common cancers, and
should also improve the completeness of the populationbased cancer survival statistics using passive and active
methods. Considering the limited resources and the difficulty in rapidly improving the quality of the cancer registry
and population database, a high-quality active follow-up of

sampled cases is a reasonable, cost-effective, and reliable
method for estimating cancer survival in China and other
developing countries.
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Purpose
This study investigated the role of the education level (EL) as a prognostic factor for breast
cancer and analyzed the relationship between the EL and various confounding factors.
Materials and Methods
The data for 64,129 primary breast cancer patients from the Korean Breast Cancer Registry
were analyzed. The EL was classified into two groups according to the education period; the
high EL group ( 12 years) and low EL group (< 12 years). Survival analyses were performed
with respect to the overall survival between the two groups.
Results
A high EL conferred a superior prognosis compared to a low EL in the subgroup aged > 50
years (hazard ratio, 0.626; 95% confidence interval [CI], 0.577 to 0.678) but not in the subgroup aged  50 years (hazard ratio, 0.941; 95% CI, 0.865 to 1.024). The EL was a significant independent factor in the subgroup aged > 50 years according to multivariate
analyses. The high EL group showed more favorable clinicopathologic features and a higher
proportion of patients in this group received lumpectomy, radiation therapy, and endocrine
therapy. In the high EL group, a higher proportion of patients received chemotherapy in the
subgroups with unfavorable clinicopathologic features. The EL was a significant prognosticator across all molecular subtypes of breast cancer.
Conclusion
The EL is a strong independent prognostic factor for breast cancer in the subgroup aged
> 50 years regardless of the molecular subtype, but not in the subgroup aged  50 years.
Favorable clinicopathologic features and active treatments can explain the main causality
of the superior prognosis in the high EL group.

Key words
Breast neoplasms, Education, Educational status, Prognosis,
Survival analysis
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Introduction
The prognostic role of the education level (EL) in breast
cancer is largely unknown. Although the EL has occasionally
been suggested to be a prognostic factor for breast cancer,
previous studies have not provided consistent results on this
relationship. Some papers reported that a higher EL was
associated with higher survival rates [1-4] but others
reported no correlation between the EL and breast cancer
survival [5-7]. Furthermore, some papers presented totally
opposite results, suggesting that patients with a high EL had
a higher mortality [8-11]. Therefore, more evidence is needed
to determine the role of the EL as a prognostic factor for
breast cancer.
Although the EL is a significant prognostic factor in breast
cancer, there is very little information on the relationship
between the EL and the prognosis of breast cancer. Only a
few papers have investigated the relationship between the
EL and breast cancer prognosis directly [2,5,10], and the
other papers have dealt with the EL or breast cancer as a part
of their investigation, e.g., breast cancer as a part of all cancers, or the EL as a part of the socioeconomic status. Most
papers only reported the hazard ratio or relative risk of the
EL with respect to mortality in breast cancer, and they seldom reported further analyses of the relationship between
the EL and breast cancer prognosis. For example, there is little information on the following question: “To which subgroup of breast cancer patients could the prognostic impact
of EL be applied?”
Although some studies stated that the EL was a significant
prognosticator in breast cancer, they barely described the
plausible causality regarding how the EL can affect the prognosis of breast cancer. Many possible confounding factors
between the EL and breast cancer prognosis can make it difficult to interpret the EL as a prognostic factor on its own.
Therefore, it is essential to adequately adjust for these confounding factors for precise analyses of the relationship
between the EL and the breast cancer prognosis. Furthermore, as a relatively small number of enrolled subjects have
been the major obstacles to the establishment of the EL as a
prognostic factor, an adequate number of subjects are needed
to maintain the statistical power of subgroup analyses, which
could be used to determine the effects of various confounding factors on the EL as a prognostic factor for breast cancer.
In this study, an attempt was made to categorize the confounding factors that could be associated with the EL into
three groups: biological factors, treatment factors, and other
factors. The biological factors cover the clinicopathologic factors, including age, body mass index (BMI), tumor size,
nodal positivity, stage, hormonal receptor (HR), human epidermal growth factor receptor 2 (HER2), histologic grade,

and lymphovascular invasion. The treatment factors include
the operation period, surgery, radiation therapy, chemotherapy, and hormonal therapy. Other factors include all factors
other than biological and treatment factors.
Currently, adjuvant treatments for breast cancer are planned based on the molecular subtypes according to the
expression of the estrogen receptor, progesterone receptor,
and HER2. The prognostic impact of the EL on each molecular subtype of breast cancer has not been reported. Therefore,
it is necessary to examine the prognostic impact of the EL on
each molecular subtype.
Since 1996, the Korean Breast Cancer Society has collected
nationwide data for breast cancer patients in the Republic of
Korea by developing the Korean Breast Cancer Registry program, and a large amount of data has been accumulated [12].
This study attempted to validate the role of the EL as a prognostic factor for breast cancer, and carry out subgroup analyses using this database. The causality between EL and breast
cancer through which the EL can affect the prognosis of
breast cancer and the prognostic effect of EL on the molecular
subtypes of breast cancer were also investigated.

Materials and Methods
1. Patients
The Korean Breast Cancer Society has collected nationwide
breast cancer data prospectively since 1996; retrospective
data collection was also allowed when a participating hospital had its own breast cancer database. The total number of
patients registered in the Korean Breast Cancer Registry at
the time of this study was 156,632. Because the survival data
had been updated up to December 31, 2014, 4,689 patients,
who underwent surgery after January 1, 2015, were excluded. After further excluding 78,987 patients because of a lack
of information on education (956 patients with stage IV at the
initial diagnosis, and 7,871 patients with a Tis lesion) the data
of 64,129 patients were finally analyzed. The institutional
review boards approved this study.
2. Definitions of education period and EL
The education system in South Korea consists of five programs; 6 years of elementary school, 3 years of middle
school, 3 years of high school, 2 or 4 years of college or university, and more than 2 years of graduate school. The education period was divided into five groups according to the
length of the education period: the no diploma group (< 6
years), elementary school group (6-8 years), middle school
VOLUME 49 NUMBER 4 October 2017
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Total
Mean age (yr)
Age (yr)
 50
> 50
Tumor size (cm)
2
>2
Node positivity
No
Yes
Stage
I
II, III
Hormonal receptor
Negative
Positive
HER2
Negative
Positive
Histologic grade
1, 2
3
Lymphovascular invasion
No
Yes
Body mass index
 25
> 25
Operation period
1987-2005
2006-2010
2011-2014
Operation
Lumpectomy
Mastectomy

Characteristic
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4,385 (53.0)
3,886 (47.0)
5,135 (61.6)
3,201 (38.4)
3,282 (40.0)
4,926 (60.0)
2,573 (33.9)
5,010 (66.1)
4,632 (73.0)
1,716 (27.0)
4,418 (63.1)
2,580 (36.9)
4,066 (63.1)
2,377 (36.9)
4,209 (51.2)
4,012 (48.8)
2,565 (30.4)
3,317 (39.3)
2,552 (30.3)
3,915 (47.3)
4,365 (52.7)

981 (49.1)
1,016 (50.9)

1,185 (59.2)
815 (40.8)

708 (35.9)
1,263 (64.1)

590 (32.3)
1,238 (67.7)

1,105 (74.9)
371 (25.1)

1,080 (64.3)
599 (35.7)
934 (59.7)
631 (40.3)

1,007 (51.3)
956 (48.7)
751 (36.9)
775 (38.1)
509 (25.0)

764 (38.4)
1,223 (61.6)

4,889 (50.0)
4,889 (50.0)

3,860 (38.8)
3,285 (33.0)
2,810 (28.2)

5,955 (61.0)
3,813 (39.0)

4,296 (62.8)
2,549 (37.2)

5,046 (61.2)
3,203 (38.8)

5,033 (70.9)
2,067 (29.1)

2,971 (32.8)
6,084 (67.2)

4,021 (41.3)
5,709 (58.7)

6,140 (62.2)
3,737 (37.8)

5,306 (54.3)
4,472 (45.7)

4,161 (41.8)
5,793 (58.2)

1,544 (18.3)
6,888 (81.7)

227 (11.2)
1,808 (88.8)

9-11
9,955 (15.5)
53.3±8.825

6-8

2,035 (3.2)
8,434 (13.2)
64.39±10.355 59.58±9.591

5

 14

Total

8,286 (47.1) 27,185 (43.7)
9,292 (52.9) 35,083 (56.3)

8,893 (66.1) 30,277 (63.9)
4,569 (33.9) 17,141 (36.1)

4,134 (22.7) 18,576 (29.0)
6,201 (34.0) 22,976 (35.8)
7,906 (43.3) 22,577 (35.2)
14,422 (57.6) 11,008 (61.5) 34,998 (55.6)
10,605 (42.4) 6,898 (38.5) 27,980 (44.4)

7,266 (28.5)
9,398 (36.9)
8,800 (34.6)

18,325 (73.1) 14,609 (81.2) 44,105 (70.0)
6,738 (26.9) 3,373 (18.8) 18,892 (30.0)

12,088 (63.3)
7,015 (36.7)

13,718 (64.0) 10,194 (65.1) 34,456 (63.8)
7,708 (36.0) 5,470 (34.9) 19,560 (36.2)

14,628 (75.3) 11,159 (77.6) 36,557 (75.0)
4,808 (24.7) 3,225 (22.4) 12,187 (25.0)

6,589 (28.1) 4,442 (26.2) 17,165 (29.2)
16,818 (71.9) 12,521 (73.8) 41,671 (70.8)

10,888 (43.9)
13,893 (56.1)

15,976 (63.4) 11,748 (65.3) 40,184 (63.4)
9,235 (36.6) 6,248 (34.7) 23,236 (36.6)

14,268 (57.2) 10,688 (60.4) 35,628 (56.9)
10,659 (42.8) 6,998 (39.6) 27,031 (43.1)

17,244 (67.7) 14,358 (78.7) 37,534 (58.5)
8,219 (32.3) 3,882 (21.3) 26,590 (41.5)

25,464 (39.7) 18,241(28.4) 64,129 (100)
47.67±8.956 44.54±9.062 49.75±10.662

12-13

Education period

Table 1. Clinicopathologic characteristics according to the education period and education level in all subjects

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

p for
trend
High

9,568 (47.7)
10,477 (52.3)

7,176 (35.1)
7,377 (36.1)
5,871 (28.7)

11,171 (56.0)
8,781 (44.0)

9,296 (62.6)
5,557 (37.4)

10,544 (62.3)
6,382 (37.7)

10,770 (72.2)
4,154 (27.8)

6,134 (33.2)
12,332 (66.8)

8,011 (40.2)
11,898 (59.8)

12,460 (61.6)
7,753 (38.4)

10,672 (53.2)
9,374 (46.8)

5,932 (29.0)
14,489 (71.0)

25,430 (59.2)
17,503 (40.8)

11,400 (26.1)
15,599 (35.7)
16,706 (38.2)

32,934 (76.5)
10,111 (23.5)

20,981 (64.4)
11,584 (35.6)

23,912 (64.5)
13,178 (35.5)

25,787 (76.2)
8,033 (23.8)

11,031 (27.3)
29,339 (72.7)

19,174 (45.3)
23,185 (54.7)

27,724 (64.2)
15,483 (35.8)

24,956 (58.6)
17,657 (41.4)

31,602 (72.3)
12,101 (27.7)

20,424 (31.8) 43,705 (68.2)
57.00±10.075 46.37±9.132

Low

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

Chi-squarea)
p-value

Education level
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HER2, human epidermal growth factor receptor 2. a)p-values for the mean age were calculated by t test and all the other p-values were calculated by chi-square test.

< 0.001
11,073 (36.6)
19,188 (63.4)
4,705 (36.5) 16,554 (38.6)
8,201 (63.5) 26,279 (61.4)
6,368 (36.7)
10,987 (63.3)
2,710 (42.8)
3,621 (57.2)
2,257 (44.0)
2,876 (56.0)
514 (46.4)
594 (53.6)

< 0.001

5,481 (43.6)
7,091 (56.4)

< 0.662
10,903 (27.4)
28,857 (72.6)
5,703 (24.7) 5,200 (31.1) 15,820 (27.4)
17,342 (75.3) 11,515 (68.9) 41,986 (72.6)
2,335 (26.0)
6,640 (74.0)
1,988 (27.2)
5,326 (72.8)
594 (33.8)
1,163 (66.2)

< 0.001

4,917 (27.2)
13,129 (72.8)

< 0.001
12,519 (32.6)
25,880 (67.4)
7,392 (42.7)
9,916 (57.3)
< 0.001
7,483 (33.7) 5,036 (31.1) 19,911 (35.7)
14,706 (66.3) 11,174 (68.9) 35,796 (64.3)
3,529 (41.1)
5,062 (58.9)
2,997 (42.7)
4,024 (57.3)
866 (51.1)
830 (48.9)

Radiation therapy
No
Yes
Chemotherapy
No
Yes
Hormonal therapy
No
Yes

Chi-squarea)
p-value
High
12-13
Characteristic

Table 1. Continued

5

6-8

9-11

Education period

 14

Total

p for
trend

Low

Education level
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group (9-11 years), high school group (12-13 years), and college group ( 14 years). The EL was classified further into
two groups: the high EL group ( 12 years) and the low EL
group (< 12 years). In this study, kindergarten or preschool
programs were excluded.
3. Clinicopathologic parameters
The patients’ ages were defined as the age at the time of
the diagnosis of the primary breast cancer. The TNM staging
was described according to the seventh edition of the American Joint Committee on Cancer. The HR status was defined
as positive when the immunohistochemistry tests for either
estrogen or progesterone receptors were positive, and was
defined as negative when both tests were negative. HER2
was defined as negative when the immunohistochemistry
results were negative or 1+, and positive when the results
were 3+. When the results were 2+, the positivity of HER2
was defined according to the results of fluorescence in situ
hybridization. The histological grade was defined using the
modified Scarff-Bloom-Richardson grading system. Lymphovascular invasion was defined as positive when either
lymphatic invasion or vascular invasion was positive, and as
negative when both tests were negative. The BMI was
defined as the ratio of the body weight in kilograms to the
square of the height in meters. All operations with curative
intent for breast cancer patients were classified as breast conserving surgery or total mastectomy according to the extent
of surgery for the breast tissue. The molecular subtypes were
classified into four categories, including HR(+)/HER2(–),
HR(+)/HER2(+), HR(–)/HER2(+), and HR(–)/HER2(–)
according to the expression of HR and HER2.
4. Statistical analyses
A two sample t test and Pearson’s chi-square test were
used to determine the differences in the clinicopathologic
characteristics between pairs of groups. The p-value for the
trend was calculated using the linear by linear association
test in a Pearson’s chi-square test. All survival analyses were
carried out with respect to the overall survival, and the time
duration of the overall survival was defined as the time from
surgery to death from any cause. The Kaplan-Meier estimator was used to analyze the survival rates and a log-rank test
was used to determine the significance of the differences
between two or more survival curves. A Cox-proportional
hazards model was used for univariate and multivariate
analyses, and the HR was calculated using a 95% confidence
interval (CI). All statistical analyses, except for the forest plot,
were carried out using IBM SPSS Statistics ver. 20.0 (IBM
Corp., Armonk, NY), and the forest plot was produced using
Microsoft Excel (Microsoft Office Professional Plus 2010). All
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A

Education period

1.0

1.0
0.8

Overall survival

Overall survival

0.8
0.6
0.4
≥ 14
12-13
9-11
6-8
≤5

0.2
0

B

Education level

0

100

p=0.002a)
All the others: p < 0.001a)

200
300
Follow-up (mo)

0.6
0.4
High
Low

0.2

400

0

0

100

p < 0.001a)

200
300
Follow-up (mo)

400

Fig. 1. Overall survival curves according to the education period (A) and education level (B) in all subjects. a)Statistical significance.

tests were two-sided, and a p-value of < 0.05 was considered
significant. The biological model, treatment model, and combined model were designed for multivariate analyses. In the
biological model, nine factors, including age, tumor size,
node positivity, stage, HR, HER2, histologic grade, lymphovascular invasion, and BMI, were used to adjust for the EL.
In the treatment model, five factors, including the operation
period, operation, radiation therapy, chemotherapy, and hormonal therapy, were used. In the combined model, all fourteen factors described above were used.

Results
1. Clinicopathologic characteristics
The total number of subjects was 64,129, and the mean age
of all subjects was 49.8±10.7 years. Their operation dates were
between January 1987 and December 2014, and the mean follow-up period was 71.3±51.7 months (range, 0 to 335 months).
The total number of deaths during the period was 6,010 (9.4%).
According to the length of the education period, the high
school group showed the highest frequency (n=25,464, 39.7%),
followed in order by the college group (n=18,241, 28.4%), middle school group (n=9,955, 15.5%), elementary school group
(n=8,434, 13.2%), and no diploma group (n=2,035, 3.2%). The
frequencies of the low and high EL groups were 31.8%
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(n=20,424) and 68.2% (n=43,705), respectively. Table 1 lists the
clinicopathologic characteristics according to the education
period and EL. The patients’ mean age decreased with increasing education period, and the proportion of patients with the
following features was increased; age  50 years, tumor size
 2 cm, negative lymph node, stage I, positive hormone receptor, negative HER2, low histologic grade. In addition, as the
education period became longer, the proportion of patients
who received lumpectomy, radiation therapy, and hormonal
therapy increased. The same results were obtained from a
comparison of the high and low EL groups, except for
chemotherapy. The proportion of patients who received
chemotherapy in the high and low EL groups was similar.
Similar findings were observed in the subgroup aged  50
years and the subgroup aged > 50 years (S1 Table). In the subgroup aged  50 years, a higher proportion of patients in the
low EL group received chemotherapy (p < 0.001), and in the
subgroup aged > 50 years, there was no difference in the proportion of patients with respect to HER2 expression (p=0.218).
2. Survival analyses of all subjects
Survival analyses according to the education period revealed significant differences among all five education period
groups, and a longer education period conferred a better prognosis (log-rank test, all p < 0.05) (Fig. 1A). Survival analyses
according to the EL showed that the high EL group had a better prognosis than the low EL group (log-rank test, p < 0.001)
(Fig. 1B). Subgroup analyses with a forest plot revealed the
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Characteristic

Hazard ratio

Total
Age (yr)

≤ 50
> 50
≤2
>2
No
Yes
I
II, III
Negative
Positive
Negative
Positive
1, 2
3
Lumpectomy
Mastectomy
No
Yes
No
Yes
No
Yes

Tumor size (cm)
Node positivity
Stage
Hormonal receptor
HER2
Histologic grade
Operation
Radiation therapy
Chemotherapy
Hormonal therapy

0.677
0.941
0.626
0.654
0.733
0.632
0.725
0.606
0.730
0.824
0.618
0.648
0.791
0.590
0.785
0.725
0.738
0.653
0.701
0.355
0.764
0.834
0.631

95% CI
0.643
0.865
0.577
0.597
0.689
0.580
0.679
0.535
0.689
0.759
0.575
0.601
0.707
0.544
0.725
0.656
0.695
0.603
0.650
0.310
0.720
0.764
0.573

Forest plot

p-value

0.712
1.024
0.678
0.717
0.780
0.688
0.773
0.686
0.772
0.894
0.664
0.699
0.885
0.640
0.850
0.802
0.785
0.708
0.757
0.407
0.810
0.912
0.695

< 0.001
0.160
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.3

0.5

0.7

0.9

1.1

Fig. 2. Subgroup analyses with a forest plot for the effects of the education level with respect to the overall survival according
to the clinicopathologic characteristics in all subjects. In the forest plot, a HR value less than 1 favors a high EL against low
EL. CI, confidence interval; HER2, human epidermal growth factor receptor 2; EL, education level.

A
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1.0
0.8
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Overall survival

0.8
0.6
0.4
≥ 14
12-13
9-11
6-8
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0.2
0

B

Education level (age > 50 yr)

0

100

p=0.063a)
All the others: p < 0.001a)

200
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0.6
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Low
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0
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p < 0.001a)

200
300
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Fig. 3. Overall survival curves according to the education period (A) and education level (B) in the subgroup aged > 50
years. a)Statistical significance.
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0.747-0.878 < 0.001
1.091-1.303 < 0.001
0.595-0.726 < 0.001

-

-

Reference
0.694
0.637-0.755 < 0.001
0.541
0.463-0.633 < 0.001
2.347
2.153-2.557 < 0.001
0.810
1.193
0.657

0.975

1.036-1.205

1.117

0.880
1.462
1.464

0.691
2.089
2.275
0.789
0.738

Hazard
ratio
< 0.001
< 0.001
< 0.001
0.057
< 0.001

p-value

-

-

0.872-1.090

-

-

0.653

0.776-0.997
0.045
1.296-1.650 < 0.001
1.297-1.652 < 0.001

0.615-0.778
1.758-2.483
1.946-2.658
0.618-1.007
0.652-0.836

95% CI

Biological model

0.004

1.033-1.256
0.009
1.583-1.866 < 0.001
2.080-2.493 < 0.001

1.139
1.719
2.277

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

p-value

0.577-0.678
2.458-2.885
2.632-3.067
2.976-3.611
0.664-0.779

95% CI

0.626
2.663
2.841
3.278
0.719

Hazard
ratio

Univariate analysis
p-value

-

-

< 0.001

-

0.649-0.804 < 0.001
-

95% CI

2.304
1.037
0.710

1.986-2.674 < 0.001
0.904-1.191
0.603
0.628-0.804 < 0.001

Reference
0.831
0.742-0.931
0.001
0.639
0.522-0.782 < 0.001
3.716
3.291-4.196 < 0.001

-

-

0.723
-

Hazard
ratio

Treatment modelb)

Multivariate analysis

p-value

0.915-1.212

0.471
0.037

0.635-0.869 < 0.001
1.304-1.778 < 0.001
1.342-1.837 < 0.001

0.710-0.948
0.007
1.336-2.080 < 0.001
1.647-2.533 < 0.001
0.744-1.415
0.876
0.543-0.884
0.003

95% CI

1.495
0.628
0.808

1.209-1.849 < 0.001
0.504-0.783 < 0.001
0.628-1.039
0.096

Reference
0.937
0.797-1.101
0.427
0.715
0.553-0.926
0.011
1.876
1.564-2.249 < 0.001

1.053

0.743
1.523
1.570

0.821
1.667
2.042
1.026
0.693

Hazard
ratio

Combined modelc)

Three models including the biological model, treatment model, and combined model were used for multivariate analyses. CI, confidence interval; HER2, human
epidermal growth factor receptor 2. a)Education level was adjusted with eight factors including tumor size, node positivity, stage, hormonal receptor, HER2, histologic
grade, lymphovascular invasion, and body mass index, b)Education level was adjusted with five factors including operation time, operation, radiation therapy,
chemotherapy and hormonal therapy, c)Education level was adjusted with all thirteen factors described above.

Education level (high vs. low)
Tumor size (> 2 cm vs.  2 cm)
Node positivity (yes vs. no)
Stage (II, III vs. I)
Hormone receptor
(positive vs. negative)
HER2 (positive vs. negative)
Histologic grade (3 vs. 1, 2)
Lymphovascular invasion
(yes vs. no)
Body mass index (> 25 vs.  25)
Operation period
1987-2005
2006-2010
2011-2014
Operation
(mastectomy vs. lumpectomy)
Radiation therapy (yes vs. no)
Chemotherapy (yes vs. no)
Hormonal therapy (yes vs. no)

Characteristic (age > 50 yr)

a)

Table 2. Univariate and multivariate analyses with respect to the overall survival in the subgroup aged > 50 years
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prognoses of the high EL group to be better than those of the
low EL group in all subgroups, except for the age  50 years
subgroup (Fig. 2). The lower HRs of the high EL group were
more prominent in the subgroups with more favorable clinicopathologic features; tumor size  2 cm, negative lymph
node, stage I, positive HR, negative HER2, and low histologic
grade. With respect to the treatment modalities, a lower HR
of the high EL group was most prominent in the subgroup
without chemotherapy.
3. Survival analyses of the subgroup aged > 50 years and the
subgroup aged  50 years
In the subgroup aged > 50 years, the high EL group showed
superior survival than the low EL group both by the log-rank
test (p < 0.001) (Fig. 3B) and by the Cox proportional hazards
model (hazard ratio, 0.626; 95% CI, 0.577 to 0.678; p < 0.001)
(Table 2, Fig. 2). A longer education period conferred a better
prognosis than a shorter education period, except between the
high school group and college group (all p < 0.001, except for
p=0.063 between the high school group and the college group)
(Fig. 3A). In the subgroup aged  50 years, no significant survival difference was observed between the high and low EL
groups according to both the log-rank test (p=0.160; data not
shown) and the Cox proportional hazards model (hazard
ratio, 0.941; 95% CI, 0.865 to 1.024; p=0.160) (Fig. 2). In addition, there was no survival difference between each education
period, except for between the elementary school group and
college group (p=0.024, data not shown) and between the high
school group and college group (p=0.020, data not shown). In
the subgroup aged > 50 years, subgroup analyses showed that
the high EL group had superior prognoses to the low EL
group in all subgroups (S2 Fig.).
4. Univariate and multivariate analyses
For all subjects, univariate analyses showed that all of the
following 15 factors were statistically significant: the EL (hazard ratio, 0.677; 95% CI, 0.643 to 0.712; p < 0.001), age, tumor
size, node positivity, stage, HR, HER2, histologic grade, lymphovascular invasion, BMI, operation period, operation, radiation therapy, chemotherapy, and hormonal therapy (S3 Table).
Multivariate analyses showed that the EL was a statistically
significant independent factor in the biological model (hazard
ratio, 0.869; 95% CI, 0.798 to 0.945; p < 0.001) and the treatment
model (hazard ratio, 0.794; 95% CI, 0.743 to 0.849; p < 0.001),
but not in the combined model (hazard ratio, 0.974; 95% CI,
0.878 to 1.082; p=0.625). Although HER2 lost its significance
only in the biological model, the stage and BMI lost their significance in both the biological model and combined model.
In the subgroup aged > 50 years, the 14 factors mentioned
above, except for age, were statistically significant in univari-

ate analyses, and the EL was a significant independent prognosticator in all three models in multivariate analyses (Table
2): biological model (hazard ratio, 0.691; 95% CI, 0.615 to 0.778;
p < 0.001), treatment model (hazard ratio, 0.723; 95% CI, 0.649
to 0.804; p < 0.001), combined model (hazard ratio, 0.821; 95%
CI, 0.71 to 0.948; p=0.007).
5. Analysis of treatment modalities
For all subjects, a higher proportion of patients received
lumpectomy, radiation therapy, and endocrine therapy in the
high EL group compared to the low EL group (S4 Table). In
subgroup analyses, these findings were consistent regardless
of age, tumor size, node positivity, and HR. With respect to
chemotherapy, although there was no significant differences
between the high and low EL groups in all patient groups, a
higher proportion of patients in the high EL group received
chemotherapy in the pathologically unfavorable subgroups
with a tumor size > 2 cm, positive node, and negative HR, in
subgroup analyses. In the high EL group, a higher proportion
of patients received lumpectomy in the subgroups with both
a tumor size  2 cm and a tumor size > 2 cm. In the subgroup
of lumpectomy, a higher proportion of patients received radiation therapy in the high EL group. In the subgroup with a
positive hormone receptor, a higher proportion of patients
received endocrine therapy in the high EL group. In the subgroup aged  50 years, a much higher proportion of patients
received chemotherapy in the lower EL group compared to
the subgroup aged > 50 years.
In the subgroup aged > 50 years, a higher proportion of
patients in the high EL group received chemotherapy in the
cases with unfavorable clinicopathologic features, such as
tumor size > 2 cm and positive nodal metastasis compared to
the low EL group (Table 3). The proportion of patients who
received chemotherapy in the subgroup with a negative HR
(p=0.084) and those who received radiation therapy in the subgroup with lumpectomy (p=0.164) was similar.
6. EL and the molecular subtypes of breast cancer
For all subjects, a high EL conferred better prognoses than a
low EL in all molecular subtypes of breast cancer, including
HR(+)/HER2(–) (p < 0.001), HR(+)/HER2(+) (p=0.003), HR(–)
/HER2(+) (p=0.013), and HR(–)/HER2(–) (p=0.004) subtypes
(S5 Fig.). The prognostic influence of EL was most significant
in the HR(+)/HER2(–) subtype and least significant in the
HR(–)/HER2(+) subtype. In the subgroup aged > 50 years, a
high EL conferred a superior prognosis than a low EL across
all molecular subtypes with the highest and lowest significance in the HR(+)/HER2(–) subtype (p < 0.001) and HR(+)/
HER2(+) subtype (p=0.014), respectively (S6 Fig.).
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NA, not applicable.

Operation

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

2,957 (38.8)
2,230 (30.5)
4,376 (68.3)
2,532 (58.4)
3,971 (44.9)
2,698 (33.9)
3,403 (64.7)
2,114 (55.2)
2,103 (36.3)
1,613 (28.0)
5,172 (63.8)
3,116 (53.7)
2,607 (58.9)
1,644 (47.9)
4,119 (48.3)
2,864 (37.5)

NA
NA

NA
NA

< 0.001

7,437 (52.2)
4,863 (40.8)

Chi-square
Lumpectomy mastectomy
p-value

All
Low education level
6,814 (47.8)
High education level
7,055 (59.2)
Tumor size  2 cm
Low education level
4,659 (61.2)
High education level
5,077 (69.5)
Tumor size > 2 cm
Low education level
2,027 (31.7)
High education level
1,804 (41.6)
Node negative
Low education level
4,881 (55.1)
High education level
5,267 (66.1)
Node positive
Low education level
1,857 (35.3)
High education level
1,714 (44.8)
Stage I
Low education level
3,683 (63.7)
High education level
4,153 (72.0)
Stage II, III
Low education level
2,940 (36.2)
High education level
2,685 (46.3)
Hormonal receptor negative
Low education level
1,817 (41.1)
High education level
1,787 (52.1)
Hormonal receptor positive
Low education level
4,413 (51.7)
High education level
4,773 (62.5)
Lumpectomy
Low education level
NA
High education level
NA
Mastectomy
Low education level
NA
High education level
NA

Characteristic
(age > 50 yr)
Yes

0.001

5,353 (91.0) < 0.001
5,803 (93.1)

4,737 (76.4) 1,462 (23.6)
3,092 (73.6) 1,109 (26.4)

529 (9.0)
433 (6.9)

3,172 (41.2) 4,520 (58.8) < 0.001
2,207 (31.5) 4,801 (68.5)

1,832 (45.9) 2,161 (54.1) < 0.001
1,172 (37.3) 1,973 (62.7)

3,267 (46.8) 3,711 (53.2) < 0.001
1,944 (37.8) 3,196 (62.2)

1,946 (39.0) 3,041 (61.0) < 0.001
1,518 (29.4) 3,637 (70.6)

1,792 (39.5) 2,746 (60.5) < 0.001
1,089 (32.1) 2,301 (67.9)

3,467 (45.6) 4,129 (54.4) < 0.001
2,445 (34.5) 4,649 (65.5)

2,741 (50.0) 2,742 (50.0) < 0.001
1,545 (40.5) 2,274 (59.5)

2,503 (38.2) 4,050 (61.8) < 0.001
1,932 (29.7) 4,574 (70.3)

5,317 (43.5) 6,915 (56.5) < 0.001
3,571 (33.8) 6,994 (66.2)

No

Chi-square
p-value

Radiation therapy
Yes

0.083

0.029

0.042

0.066

1,829 (27.8) 4,756 (72.2)
1,147 (25.8) 3,291 (74.2)

2,117 (35.7) 3,815 (64.3)
2,415 (38.0) 3,937 (62.0)

3,139 (39.7) 4,760 (60.3)
2,943 (40.7) 4,280 (59.3)

660 (15.8) 3,526 (84.2)
510 (15.6) 2,763 (84.4)

0.025

0.007

0.208

0.828

1,273 (17.3) 6,087 (82.7) < 0.001
644 (11.9) 4,770 (88.1)

2,630 (52.2) 2,406 (47.8)
2,818 (54.0) 2,397 (46.0)

614 (12.8) 4,197 (87.2) < 0.001
323 (9.0) 3,275 (91.0)

3,339 (43.0) 4,426 (57.0)
3,235 (44.6) 4,011 (55.4)

1,075 (18.6) 4,719 (81.4) < 0.001
523 (13.0) 3,509 (87.0)

2,867 (42.9) 3,811 (57.1)
2,954 (44.4) 3,696 (55.6)

4,018 (31.7) 8,661 (68.3)
3,610 (33.0) 7,321 (67.0)

No

Chi-square
p-value

Chemotherapy
Yes

Chi-square
p-value

NA
NA

2,220 (70.8)
1,532 (68.1)

914 (29.2)
717 (31.9)

1,680 (30.2) 3,879 (69.8)
1,776 (29.5) 4,238 (70.5)

493 (10.2) 4,334 (89.8)
445 (8.8) 4,620 (91.2)

NA
NA

0.032

0.418

0.015

2,368 (48.7) 2,490 (51.3) < 0.001
1,753 (44.5) 2,183 (55.5)

1,466 (39.3) 2,262 (60.7) < 0.001
1,450 (34.5) 2,754 (65.5)

1,435 (43.2) 1,885 (56.8) < 0.001
1,038 (38.6) 1,649 (61.4)

2,485 (45.8) 2,945 (54.2) < 0.001
2,282 (40.6) 3,334 (59.4)

1,943 (52.0) 1,791 (48.0) < 0.001
1,371 (47.6) 1,510 (52.4)

1,887 (38.5) 3,014 (61.5) < 0.001
1,833 (34.7) 3,448 (65.3)

3,955 (44.9) 4,859 (55.1) < 0.001
3,354 (40.1) 5,017 (59.9)

No

Endocrine therapy

Table 3. Analyses of the treatment modalities according to the education level and clinicopathologic characteristics in the subgroup aged > 50 years
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Discussion
Although several papers have reported the prognostic role
of EL in breast cancer, the results were not consistent and
they are still controversial [1-11,13-17]. These inconsistent
results regarding the prognostic role of the EL in breast cancer prompted this study, which found that the EL is a strong
favorable prognostic factor for breast cancer; the high EL
group showed a better prognosis than the low EL group
(hazard ratio, 0.677; 95% CI, 0.643 to 0.712; p < 0.001) (S3
Table). Log-rank tests also showed that the high EL group
had a superior prognosis than the low EL group (p < 0.001)
(Fig. 1B) and that there were significant differences among
all five education period groups and a longer education
period conferred a better prognosis (all p < 0.05) (Fig. 1A).
Multivariate analyses showed that the EL was an independent significant prognostic factor in the biological model (hazard ratio, 0.869; 95% CI, 0.798 to 0.945; p < 0.001) and the
treatment model (hazard ratio, 0.794; 95% CI, 0.743 to 0.849;
p < 0.001), but not in the combined model (hazard ratio,
0.974; 95% CI, 0.878 to 1.082; p=0.625) (S3 Table).
After confirming the prognostic role of the EL in unselected breast cancer patients, the prognostic influence of the
EL was investigated further in each subgroup of breast cancer patients. Thus far, only a few papers have reported subgroup analyses of the EL in breast cancer. Albano et al. [3]
reported that the breast cancer mortality rates were higher
among women with less education than in those with more
education (37.0 and 31.1 per 100,000, respectively, for black
women, and 25.2 and 18.6 per 100,000, respectively, for white
women). Kim et al. [10] reported that less than a high school
education was associated with lower breast cancer mortality
among white women (odds ratio [OR], 0.73; 95% CI, 0.6 to
0.9) but not among black women (OR, 1.1; 95% CI, 0.5 to 2.3).
In this study, the EL was a strong independent favorable
prognostic factor only in the subgroup aged > 50 years (logrank test, p < 0.001) (Cox-proportional hazards model; hazard ratio, 0.626; 95% CI, 0.577 to 0.678) (Table 2, Figs. 2 and
3B), but not in the subgroup aged  50 years (Cox proportional hazards model, hazard ratio, 0.941; 95% CI, 0.865 to
1.024; Fig. 2) according to subgroup analysis. The prognoses
of the high EL group were superior to those of the low EL
group in all subgroups except for the subgroup aged  50
years, regardless of the following factors: tumor size, nodal
positivity, stage, HR, HER2, histologic grade, operation,
radiation therapy, chemotherapy, and hormonal therapy
(Fig. 2). In the subgroup aged > 50 years, subgroup analysis
showed that the high EL group had superior prognoses to
the low EL group in all subgroups (S2 Fig.), and multivariate
analysis showed that the EL was a significant independent
prognosticator in all three models (Table 2): biological model

(hazard ratio, 0.691; 95% CI, 0.615 to 0.778; p < 0.001), treatment model (hazard ratio, 0.723; 95% CI, 0.649 to 0.804; p <
0.001), combined model (hazard ratio, 0.821; 95% CI, 0.710 to
0.948; p=0.007). Dalton et al. [18] reported that women with
higher education showed a reduced OR compared to women
with a basic/high school education (OR, 0.83; 95% CI, 0.73
to 0.94) for high-risk breast cancer only in postmenopausal
women, but they did not carry out survival analyses.
Although several papers have stated that the EL is a significant prognostic factor in breast cancer, the mechanisms
through which EL plays the role of a prognostic factor are
largely unknown. From the results of this study, an attempt
was made to suggest several plausible explanations for these
mechanisms in the following three aspects: biological aspect,
treatment aspect, and aspects other than biological and treatment aspects.
First, in biological aspects, the high EL group showed more
favorable biological features than the low EL group, which
could partially explain the superior survival in the high EL
group. As shown in Table 1, the mean age of the high EL
group was lower and the proportion of patients aged  50
years was larger in the high EL group than in the low EL
group. The proportion of patients with the following features
was higher in the high EL group: age  50 years, tumor size
 2 cm, negative lymph node, stage I, positive hormone
receptor, negative HER2, and low histologic grade. In the
subgroup aged > 50 years, similar findings to that mentioned
above were obtained (S1 Table). These findings strongly suggest that a high EL is closely associated with favorable biological features leading to a superior prognosis. Several
studies reported similar findings to the present results
[13,18,19]. Rutqvist et al. [13] reported that the breast cancer
stage was significantly higher among patients with a low
level of education. Dalton et al. [18] reported that women
with a higher education showed a reduced OR compared to
women with basic/high school education only (OR, 0.88;
95% CI, 0.80 to 0.96) for high-risk breast cancer with size >
20 mm, lymph-node positive, high histologic grade, and hormone receptor negative. The diagnostic timing of primary
breast cancer could play a key role in explaining the differences in the biological features according to the EL. In the
high EL group, the early diagnosis of breast cancer could be
the reason for the lower mean age at the first diagnosis and
more favorable biological features, which might have
resulted in better survival rates in the high EL group than
the low EL group.
Second, in the treatment aspect, the patients in the high EL
group were presumed to receive treatments more actively,
which might have resulted in better survival rates. The proportion of patients who received lumpectomy, radiation
therapy, and endocrine therapy was higher in the high EL
group because the clinicopathologic features were more
VOLUME 49 NUMBER 4 October 2017
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favorable in that group (Table 1), regardless of the tumor
size, nodal positivity, stage, and HR status (S4 Table).
Despite the favorable clinicopathologic features, the proportion of patients who received chemotherapy in the high EL
group was not lower than that in the low EL group. In the
subgroup aged > 50 years, the proportion of patients who
received radiation therapy in the subgroup with a lumpectomy and who received endocrine therapy in the subgroup
with a positive HR was higher in the high EL group. In
addition, a higher proportion of patients in the high EL
group received chemotherapy in the subgroups with more
unfavorable clinicopathologic features, such as a larger
tumor size, positive lymph node, and advanced stage (Table 3).
These findings strongly suggest that an active attitude
towards treatments in the high EL group could have contributed to the superior prognosis to that in the low EL
group. Griggs et al. [20] reported that an EL less than high
school was significantly associated with reduced doses of
adjuvant chemotherapy (OR, 3.07; 95% CI, 1.57 to 5.99).
Bouchardy et al. reported that patients form a low social class
underwent breast-conserving surgery, hormonal therapy,
and chemotherapy less frequently, particularly in the case of
axillary lymph node involvement [21].
Third, there could be factors other than biological or treatment factors that are related to the effects of the EL on the
survival rates of breast cancer patients. In the subgroup aged
> 50 years, multivariate analyses showed that the EL was a
significant independent factor in all three models (Table 2).
In particular, in the combined model, the EL was still a significant factor after adjusting for biological and treatment factors. These findings suggest that there could be factors other
than the biological or treatment factors that could have contributed to the superior survival in the high EL group. A
range of factors were presumed to be included in this category: adherence to breast cancer screening [22], socioeconomic status [21,23-25], exercise [26], diet [26], smoking
[27-29], etc.
Although this study showed that the EL was a strong prognostic factor in unselected breast cancer patients and in the
subgroup aged > 50 years, the EL was not a prognosticator
in the subgroup aged  50 years. Most importantly, as the
low EL patients in the subgroup aged  50 years received
adjuvant therapy more actively than those in the subgroup
aged > 50 years, the survival difference could be reduced in
the subgroup aged  50 years. Although the proportions of
low EL patients who received chemotherapy and hormonal
therapy in the subgroup aged > 50 years were 68.3% and
55.1%, respectively, those in the subgroup aged  50 years
were 83.2% and 59.4%, respectively. Second, the prognostic
effect of the EL could be weakened in the subgroup aged
 50 years because the majority of the subjects in the subgroup aged  50 years were high EL patients, with the pre-
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sumption that the EL is a strong prognostic factor in breast
cancer. The proportion of high EL in the subgroup aged > 50
years and the subgroup aged  50 years was 27.7% and
72.3%, respectively. Third, as the overall survival rate was
higher in the subgroup aged  50 years than in the subgroup
aged > 50 years, the impact of the EL could be less prominent
in the subgroup aged  50 years.
The influence of the EL on the molecular subtypes of breast
cancer remains unknown, and no previous results on this
issue could be found. This study examined the prognostic
role of the EL in the molecular subtypes after classifying all
breast cancers into four categories: HR(+)/HER2(–), HR(+)/
HER2(+), HR(–)/HER2(+), and HR(–)/HER2(–) subtypes. In
this study, the EL was a significant prognostic factor across
all molecular subtypes of breast cancer, including the HR(+)/
HER2(–), HR(+)/HER2(+), HR(–)/HER2(+), and HR(–)/
HER2(–) subtypes for both the all subjects group and the subgroup aged > 50 years (log-rank tests, all p < 0.05) (S5 and S6
Figs.). The significance was highest in the HR(+)/ HER2(–)
subtype.
In this study, a large number of subjects (n=64,129) were
analyzed using the nationwide breast cancer registry database from the Korean Breast Cancer Society. Although such
a large number of subjects could provide considerable statistical power and reduce various biases, even in subgroup
analyses, the present study had several limitations. The data
were incomplete, particularly the data on adjuvant treatment
modalities. The missing data rates were as follows: 1.8% for
surgery, 13.1% for radiation therapy, 9.9% for chemotherapy,
33.2% for endocrine therapy. The impact of anti-HER2 therapy could not be analyzed due to insufficient data. Although
an attempt was made to adjust for as many confounding factors as possible, most of the other confounding factors, such
as socioeconomic status, smoking, drinking, exercise, etc.,
could not be analyzed due to insufficient data.
In conclusion, the EL is a strong independent favorable
prognostic factor in breast cancer only in the subjects aged
> 50 years, but not in the subjects aged  50 years. Favorable
clinicopathologic features and active treatment could explain
most of this observation. The EL was a significant prognostic
factor in breast cancer regardless of the molecular subtype.
The early detection of cancer and the receipt of appropriate
treatments without omission are important for improving
the overall survival for breast cancer patients aged more than
50 years with a low EL. Overall, the EL is one of the most
important prognostic factors that should be considered carefully in a clinical setting.
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Prognostic Factors and Scoring Model for Survival in Metastatic Biliary
Tract Cancer

Purpose
Metastatic biliary tract cancer (mBTC) has a dismal prognosis. In this study, an independent
dataset of patients with mBTC was used to implement and validate a routine clinico-laboratory parameter-based scoring model for risk group identification.
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Materials and Methods
From September 2006 to February 2015, 482 patients with mBTC were assigned randomly
(ratio, 7:3) into investigational (n=340) and validation datasets (n=142). The continuous variables were dichotomized using a normal range or the best cutoff values determined using
the Contal and O'Quigley statistical methods. Following a Cox’s proportional hazard model,
the scoring model was derived by summing the rounded chi-square scores for the factors
identified by multivariate analysis.
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Results
The performance status (Eastern Cooperative Oncology Group 3-4), hypoalbuminemia
(< 3.4 mg/dL), carcinoembryonic antigen ( 9 ng/mL), neutrophil-to-lymphocyte ratio
( 3.0), and carbohydrate antigen 19-9 ( 120 U/mL) were identified as independent prognosticators (Harrell’s C index, 0.682; integrated area under the curve, 0.653). Survival was
clearly correlated with the risk groups (low, intermediate, and high, 14.0, 7.3, and 2.3
months, respectively; p < 0.001). The prognosis was also discriminative in the validation
data set (median survival, 16.7, 7.5, and 1.9 months, respectively; p < 0.001). Chemotherapy did not offer any survival benefits for high-risk patients.
Conclusion
These proposed prognostic criteria for mBTC can facilitate accurate patient risk stratification
and treatment-related decision-making.
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Introduction
Biliary tract cancer (BTC) comprises a heterogeneous
group of tumors arising from the biliary tree-lining cells.
These tumors are classified further as gallbladder cancer,
ampullary cancer, or cholangiocarcinoma. The latter type is
divided phenotypically into intrahepatic and ductal cholangiocarcinomas (hilar and non-hilar) to emphasize the distinctions between these clinically distinct cancers [1,2]. BTC is a
relatively rare malignancy in Western populations; approximately 2,500 cases of cholangiocarcinoma and 5,000 cases of
gallbladder cancer occur annually in the USA, yielding an
average annual incidence of one case per 100,000 people. In
contrast, multiple independent studies have documented a
steady increase in the worldwide incidence of cholangiocarcinoma [3,4], and BTC is relatively common in Asian countries, including Korea, Japan, China, and India [5], with an
approximate incidence of six cases per 100,000 people [5,6].
In 2013, 5,283 patients were newly diagnosed with BTC and
3,783 related deaths were reported in Korea, where BTC is
the sixth-leading cause of cancer mortality.
Few treatment options are available for advanced BTC.
Although a complete surgical resection remains the only curative treatment option, few patients are candidates for a
potentially curative resection at the time of presentation. BTC
is relatively chemo-/radio-resistant disease, and many
patients are elderly and not healthy enough to tolerate
aggressive treatment. Accordingly, these patients have dismal outcomes with a median survival of < 1 year [7]. Currently, combination chemotherapy with cisplatin and
gemcitabine (Gem/Cis) is considered the standard first-line
palliative treatment, regardless of the primary tumor location, which is based on the results from the ABC 02 trial [8].
On the other hand, the response rate to Gem/Cis is only 26%,
with a median overall survival (OS) of  11.7 months. In
other words, this regimen does not constitute an optimal
treatment [8]. Therefore, it is essential to estimate the prognosis of a patient with metastatic BTC at the initial presentation, thus enabling patient individualization according to the
risk and facilitating treatment optimization.
To date, several reports have addressed the prognostic
parameters associated with BTC. For example, lymph node
metastasis is a typical poor prognosticator for resectable BTC,
and laboratory analyses indicated that a high C-reactive protein level and neutrophil-to-lymphocyte ratio (NLR) are correlated with survival in patients with resectable cancer or
those receiving systemic chemotherapy. Despite this, few
prognostic studies have addressed metastatic disease at
diagnosis [9-12]. Of these, the majority targeted predictions
after chemotherapy (particularly Gem/Cis). Although Eastern Cooperative Oncology Group performance status (ECOG
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PS), NLR or absolute neutrophil counts, hemoglobin, white
blood cell (WBC) counts, primary tumor location, and the
number of metastatic diseases have been proposed, the significance of these factors is unclear. Most of these parameters
were identified using small sample sizes with inadequate statistical power, and their roles have rarely been confirmed
independently. Another problem is the risk of bias when the
points of cutoff for the continuous variables are random,
leading to the use of different cutoff points across studies,
which imped a direct comparison between studies. Ultimately, in a real-world clinical setting, the question of "which
patients to treat" should be answered prior to "which regimen to use," and that the answer to the former question
requires the proposal of prognosticators that could discriminate patients who might and might not benefit from treatment.
Therefore, this paper presents the results of multivariate
analysis of routinely evaluated clinico-laboratory parameters
"at the time of initial diagnosis," to implement a scoring
model that could effectively identify the risk groups, and validate the model in an independent dataset.

Materials and Methods
1. Patients
From September 2006 to February 2015, 623 patients were
diagnosed with metastatic BTC at Gangnam Severance Hospital, Seoul, Korea. The diagnosis was made via a surgical
excision, tissue biopsy, or cytology. The inclusion criteria for
further analysis were as follows: (1) age > 18 years, (2) histologically confirmed diagnosis of BTC, (3) metastatic disease
at the time of diagnosis or systemic recurrence after a curative resection, and (4) available electronic medical records
(including treatment information).
The exclusion criteria were as follows: (1) widespread
brain or leptomeningeal metastasis, (2) synchronous metastatic malignancies, (3) uncontrolled infection, active gastrointestinal bleeding, or other severe medical conditions, and (4)
follow-up loss or transfer to another hospital prior to the
decisions regarding treatment (including diagnosis only).
Overall, 482 patients fulfilled these criteria and were further
analyzed (Fig. 1). Our institutional review board approved
this retrospective study and waived the requirement to
obtain informed consent (3-2015-0318).
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Recurrent/metastatic biliary cancer
(n=623)
Biopsy not confirmed or not
done (n=17)
Pathology confirmed biliary cancer
(n=606)
Transferred to another center
or follow-up refusal (n=96)
Follow-up patients (n=510)
Wide spread and symptomatic central
nervous system metastasis (n=6)
Synchronous metastatic cancers (n=13)
Septic shock (n=4)
Massive gastrointestinal bleeding (n=3)
Hepatorenal syndrome (n=1)
Hepatic encephalopathy (n=1)
Eligible patients (n=482)

Fig. 1. Consort diagram of the enrolled patients.

2. Data collection
The following baseline data were recorded at the initial
presentation: age, sex, disease status (recurrent/metastatic),
primary tumor location (gallbladder, ampullary, or cholangiocarcinoma–intrahepatic or ductal), metastatic disease sites
(liver, peritoneal carcinomatosis, lung, bone, lymph nodes,
or others), ECOG PS, and body mass index (BMI). The hematological and blood chemistry values included the WBC and
platelet counts as well as the hemoglobin, serum protein,
albumin, blood urea nitrogen (BUN), aspartate aminotransferase (AST), alanine aminotransferase (ALT), total bilirubin,
alkaline phosphatase (ALP), cholesterol, carcinoembryonic
antigen (CEA), and carbohydrate antigen 19-9 (CA 19-9) levels. CEA was measured by a chemiluminescence immunoassay using UniCel DxI 800 immunoassay analyzer and
CA 19-9 was measured by an electrochemiluminescence
immunoassay using a Roche kit (Mannheim, Germany). The
NLR was calculated by dividing the absolute neutrophil
count by the absolute lymphocyte count, and the plateletto-lymphocyte ratio (PLR) was derived from the ratio of the
platelets to lymphocytes.
Chest and abdomino-pelvic computed tomography (CT),
radionuclide bone scan, and 18F-fluorodeoxyglucose positron emission tomography were performed to evaluate the
distant metastasis. Radiological detection of peritoneal carcinomatosis relied on the following findings, which were
evaluated by an independent radiologist(s): thickening and

nodular enhancement of peritoneal reflections, multiple soft
tissue nodules, omental stranding and thickening (omental
cake), small bowel mesentery stranding and distortion, and
ascites, particularly if loculated. The presence of ascites was
inferred from the evidence of malignant cell detection in a
cytology examination or from suspicious fluid collection on
CT or ultrasonography.
3. Dataset allocation
For the prognostic scoring model, the patients were
assigned randomly into the investigation or validation
dataset at a ratio of 7:3 using the primary tumor location
stratification factor. The scoring model derived from the
investigational dataset was validated internally using three
methods, Harrell’s C-index, integrated area under the curve
(iAUC), and bootstrapping, followed by application to the
independent validation dataset [13].
4. Statistical analysis
The hematological and blood chemistry values were initially recorded as continuous variables and later transformed
to categorical variables according to the upper normal ranges
(WBC, hemoglobin, platelet, serum protein, albumin, BUN,
AST, ALT, bilirubin, ALP, and cholesterol) or the best cutoff
point (CEA, CA 19-9, NLR, and PLR). The latter were determined using the Contal and O’Quigley method, which calVOLUME 49 NUMBER 4 October 2017
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Table 1. Patient characteristics in the investigation and validation datasets
Characteristic
Age (yr)
< 67
 67
Sex
Male
Female
Disease status
Recurrent
Metastatic
ECOG
0-2
3-4
Primary site
Intrahepatic CC
Hilar CC
Non-hilar CC
Gallbladder
Ampullary
BMI
Complete blood count
WBC count (/µL)
Hemoglobin (g/dL)
Platelet (103/µL)
NLR
PLR
Blood chemistry profile
Protein (g/dL)
Albumin (g/dL)
BUN (mg/dL)
AST (IU/L)
ALT (IU/L)
Bilirubin (mg/dL)
ALP (IU/L)
Cholesterol (mg/dL)
Tumor marker
CEA (ng/mL)
CA 19-9 (U/mL)
Palliative Tx
No
Gem/Cis
Othersa)

Total
(n=482)

Investigation
dataset (n=340)

Validation
dataset (n=142)

235 (48.8)
247 (51.2)

163 (47.9)
177 (52.1)

72 (50.7)
70 (49.3)

0.58

281 (58.3)
201 (41.7)

201 (59.1)
139 (40.9)

80 (56.3)
62 (43.7)

0.573

158 (32.8)
324 (67.2)

117 (34.4)
223 (65.6)

41 (28.9)
101 (71.1)

0.238

418 (86.7)
64 (13.3)

296 (87.1)
44 (12.9)

122 (85.9)
20 (14.1)

0.736

123 (25.5)
79 (16.4)
87 (18.0)
146 (30.3)
47 (9.8)
22.8 (20.6-25.0)

87 (25.6)
56 (16.5)
61 (17.9)
103 (30.3)
33 (9.7)
22.7 (20.4-24.9)

36 (25.4)
23 (16.2)
26 (18.3)
43 (30.3)
14 (9.9)
23.2 (21.0-25.1)

1.00

7,090 (5,525-9,615)
12.2 (11.1-13.4)
243 (189-319)
3.2 (2.0-5.8)
171 (122-251)

7,070 (5,555-9,650)
12.1 (11.1-13.4)
241 (186-314)
3.3 (2.0-5.7)
165 (120-234)

7,130 (5,328-9,563)
12.3 (11.1-13.4)
250 (200-326)
3.2 (2.1-6.1)
181 (123-275)

0.881
0.771
0.398
0.738

6.9 (6.5-7.4)
3.9 (3.4-4.3)
14.7 (11.5-19.2)
36 (22-75)
30 (17-74)
0.8 (0.5-3.4)
146 (89-321)
167 (134-198)

6.9 (6.5-7.4)
3.9 (3.4-4.3)
14.8 (11.6-19.3)
37 (23-81)
30 (17-72)
0.8 (0.5-3.6)
146 (88-321)
168 (134-194)

7.0 (6.5-7.4)
3.9 (3.4-4.3)
14.4 (11.3-18.9)
35 (22-68)
29 (18-76)
0.8 (0.5-2.7)
141 (91-312)
165 (132-202)

0.804
0.775
0.671
0.433
0.850
0.650
0.599
0.900

3.6 (1.9-16.0)
160 (26-1,472)

3.2 (1.8-15.1)
166 (25-1,587)

4.2 (2.4-18.9)
145 (27-1,298)

0.056
0.567

148 (30.7)
168 (34.9)
166 (34.4)

106 (31.2)
120 (35.3)
114 (33.5)

42 (29.6)
48 (33.8)
52 (36.6)

p-value

0.223

0.809

Values are presented as number (%) or median (interquartile range). The Mann-Whitney U test was used for comparisons of
continuous values. ECOG, Eastern Cooperative Oncology Group; CC, cholangiocarcinoma; BMI, body mass index; WBC,
white blood cell; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; BUN, blood urea nitrogen; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; CEA, carcinoembryonic antigen; CA 19-9, carbohydrate antigen 19-9; Tx, treatment; Gem/Cis, combination chemotherapy with cisplatin and gemcitabine. a)Fluorouracil
or gemcitabine-based (excluding Gem/Cis) chemotherapy.
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culates the maximum hazard ratio (HR) based on log-rank
statistics and estimates the best cutoff value [14].
The OS was defined as the time from the date of diagnosis
to death from any cause. Survival curves were generated
using the Kaplan-Meier method and compared using the logrank test. Univariate analysis was performed to determine
the association of the following prognostic factors with OS:
age, sex, disease status, ECOG PS, primary site, BMI, WBC
count, hemoglobin, platelet count, serum protein, albumin,
BUN, AST, ALT, bilirubin, ALP, cholesterol, CEA, CA 19-9,
NLR, and PLR. Subsequently, stepwise multivariate analysis
based on Cox’s proportional hazard model was performed

A

1.0

CEA

0.2

24
36
Time (mo)

48

NLR

0.6
0.4
0.2

0

12

24
36
Time (mo)

48

0.2

0

12

24
36
Time (mo)

60

48

60

D
PLR
< 150 (n=140)
≥ 150 (n=199)

0.8

p < 0.001

0

0.4

1.0

< 3 (n=153)
≥ 3 (n=186)

0.8

p < 0.001

0.6

0

60

C

1.0

Proportion of surviving

Proportion of surviving

0.4

Proportion of surviving

Proportion of surviving

0.6

12

CA 19-9
< 120 (n=156)
≥ 120 (n=181)

0.8

p < 0.001

0

B

1.0

< 9 (n=231)
≥ 9 (n=104)

0.8

0

using the significant factors in univariate analysis. HRs, 95%
confidence intervals (CIs), and chi-square scores were
obtained for all regressions.
Using the investigation dataset, a risk scoring model was
devised by summing the rounded chi-square scores of independent prognostic factors identified in the multivariate
analysis. Finally, patients were grouped into three risk
groups according to the risk scores: low risk, intermediate
risk, and high risk. The discriminatory power of this scoring
system was estimated using Harrell’s c-index [15] and an
iAUC. The latter was derived from time-dependent receiver
operating characteristics curve analysis [16,17]. Finally, this

p < 0.001

0.6
0.4
0.2
0

0

12

24
36
Time (mo)

48

60

Fig. 2. Kaplan-Meier curves of overall survival for the investigation dataset (n=340): carcinoembryonic antigen (CEA) (A),
carbohydrate antigen 19-9 (CA 19-9) (B), neutrophil-to-lymphocyte ratio (NLR) (C), and platelet-to-lymphocyte ratio (PLR)
(D).
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Table 2. Univariate analysis of the overall survival
Investigation dataset

Characteristic
Age (yr)
< 67
 67
Sex
Male
Female
Disease status
Recurrent
Metastatic
ECOG
0-2
3-4
Primary site
Intrahepatic CC
Hilar CC
Non-hilar CC
Gallbladder cancer
Ampullary cancer
BMI
 18.5
< 18.5
WBC count (/µL)
Normal (< 10,800)
Abnormal ( 10,800)
Hemoglobin (g/dL)
Normal ( 12)
Abnormal (< 12)
Platelet (103/µL)
Normal ( 150)
Abnormal (< 150)
Protein (g/dL)
Normal ( 6.9)
Abnormal (< 6.9)
Albumin (g/dL)
Normal ( 3.4)
Abnormal (< 3.4)
BUN (mg/dL)
Normal (< 23)
Abnormal ( 23)
AST (IU/L)
Normal (< 30)
Abnormal ( 30)
ALT (IU/L)
Normal (< 33)
Abnormal ( 33)
Bilirubin (mg/dL)
Normal (< 1.2)
Abnormal ( 1.2)

1132

CANCER RESEARCH AND TREATMENT

HR

95% CI

1
1.311

1.043-1.649

1
0.926

0.735-1.167

1
1.584

1.24-2.023

1
4.499

3.205-6.316

1
0.802
0.91
0.94
0.514

0.563-1.144
0.643-1.289
0.692-1.276
0.331-0.8

1
2

1.332-3.002

1
1.779

1.327-2.383

1
1.391

1.107-1.748

1
1.375

0.955-1.98

1
1.337

1.064-1.681

1
2.216

1.698-2.892

1
1.401

0.988-1.988

1
1.187

0.94-1.501

1
1.034

0.823-1.299

1
1.099

0.867-1.394

Validation dataset
p-value

HR

95% CI

0.02

1
1.231

0.865-1.754

1
1.014

0.713-1.443

1
1.462

0.989-2.161

1
5.276

3.102-8.972

1
0.834
0.592
0.895
0.519

0.479-1.451
0.349-1.004
0.56-1.431
0.255-1.057

1
2.225

1.111-4.459

1
3.177

2.014-5.012

1
1.254

0.881-1.784

1
0.935

0.535-1.634

1
1.635

1.149-2.325

1
1.699

1.132-2.552

1
1.956

1.178-3.25

1
1.279

0.895-1.826

1
1.239

0.869-1.768

1
1.277

0.88-1.853

0.515

< 0.001

< 0.001

0.045

0.001

< 0.001

0.005

0.086

0.013

< 0.001

0.058

0.151

0.773

0.435

p-value
0.249

0.937

0.057

< 0.001

0.187

0.024

< 0.001

0.209

0.814

0.006

0.011

0.01

0.176

0.237

0.198
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Table 2. Continued
Characteristic
ALP (IU/L)
Normal (< 123)
Abnormal ( 123)
Cholesterol (mg/dL)
Normal (< 139)
Abnormal ( 139)
CEA (ng/mL)
<9
9
CA 19-9 (U/mL)
< 120
 120
NLR
<3
3
PLR
< 150
 150
Palliative Tx
No
Gem/Cis
Othersa)

Investigation dataset
HR

95% CI

1
1.27

1.007-1.6

1
1.437

1.114-1.854

1
1.812

1.414-2.321

1
1.668

1.323-2.104

1
2.04

1.616-2.575

1
1.719

1.355-2.181

1
0.484
0.492

0.364-0.643
0.372-0.650

Validation dataset
p-value

HR

95% CI

0.043

1
1.439

1.011-2.05

1
1.586

1.068-2.353

1
1.604

1.094-2.353

1
1.149

0.807-1.637

1
2.96

2.042-4.29

0.005

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

p-value
0.043

0.022

0.016

0.441

< 0.001

1
1.43

0.99-2.066

0.057

1
0.284
0.305

0.180-0.448
0.198-0.471

< 0.001

HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; CC, cholangiocarcinoma; BMI, body
mass index; WBC, white blood cell; BUN, blood urea nitrogen; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; CEA, carcinoembryonic antigen; CA 19-9, carbohydrate antigen 19-9; NLR, neutrophillymphocyte ratio; PLR, platelet-lymphocyte ratio; Tx, treatment; Gem/Cis, combination chemotherapy with cisplatin and
gemcitabine. a)Fluorouracil or gemcitabine-based (excluding Gem/Cis) chemotherapy.

model was applied to the independent validation dataset.
All statistical analyses were performed using PASW Statistics ver. 18.0 (SPSS Inc., Chicago, IL), SAS ver 9.4 (SAS
Institute Inc., Cary, NC), and R ver. 3.2.4 (Institute for Statistics and Mathematics, Vienna, Austria; http://www.R-project. org). A p-value of < 0.05 was considered significant.

Results
1. Baseline characteristics of investigational and validation
datasets

demographics and clinico-laboratory parameters. The
median age was 67 years, and a slight male predominance
was observed (59.1%). Regarding the primary tumor location, intrahepatic, hilar, and non-hilar cholangiocarcinoma
affected 87 (25.6%), 56 (16.5%), and 61 (17.9%) patients,
respectively. Gallbladder and ampullary cancer was diagnosed in 103 (30.3%) and 33 (9.7%), respectively. The CEA,
CA 19-9, NLR, and PLR cutoff values of 9 ng/mL, 120 U/mL,
3.0, and 150, respectively, were determined using the Contal
and O’Quigley method.
Table 1 also lists the characteristics of the validation
dataset. The distributions of the parameters investigated did
not differ significantly between the investigation and validation datasets.

The investigational dataset included 340 patients with a
median follow-up duration of 9.3 months (range, 0.3 to 78.1
months) from the initial admission. Table 1 lists the baseline
VOLUME 49 NUMBER 4 October 2017
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2. Assessment of the prognostic factors

3. Inducement of prognostic model

For the investigational dataset, the estimated median OS
duration was 9.3 months (95% CI, 8.2 to 10.4), and the CEA,
CA 19-9, NLR, and PLR cutoff points were all found to be
prognostic. In particular, the OS was significantly longer in
patients with a low CEA (10.9 months vs. high 6.0 months, p
< 0.001) and CA 19-9 levels (11.9 months vs. high 7.5 months,
p < 0.001), as well as those with a low NLR (13.5 months vs.
high 5.9 months, p < 0.001) and PLR (11.4 months vs. high
7.2 months, p < 0.001) (Fig. 2A-D). Regarding the tumor
location, ampullary cancer was associated with a longer survival compared to other locations (14.1 months vs. gallbladder cancer 9.3 months; intrahepatic cholangiocarcinoma 8.4
months; non-hilar cholangiocarcinoma 8.7 months; hilar type
9.7 months).
The age, disease status, ECOG PS, primary tumor location,
BMI, WBC count, hemoglobin, serum protein, albumin, ALP,
and cholesterol had statistically significant associations with
the OS in univariate analysis (Table 2). In multivariate analysis, including these 15 variables, a poor performance status
(ECOG 3-4), hypoalbuminemia (< 3.4 mg/dL), elevated CEA
( 9 ng/mL), high NLR ( 3.0), and elevated CA 19-9 ( 120
U/mL) remained independent factors associated with a poor
survival in forward stepwise analysis (Table 3).

The above-listed five independent prognostic factors were
used to derive a scoring system, in which scores of 0-8 were
calculated by summing the rounded chi-square scores of
these factors (Table 3): 2 (ECOG-PS  3)+1 (albumin < 3.4
g/dL)+1 (CEA  9 ng/mL)+1 (CA 19-9  120 U/mL)+3 (NLR
 7). These scores were used to categorize the patients into
three subgroups: (1) low-risk (score, 0-2; 147 [43.9%]), (2)
intermediate-risk (score, 3-5; 145 [43.3%]), and (3) high-risk
(score, 6-8; 43 [12.6%]) (see S1 Table for a summary of the
baseline characteristics). The respective median OS durations
were 14.0 months (95% CI, 11.5 to 16.5), 7.3 months (95% CI,
5.6 to 9.0), and 2.3 months (95% CI, 0.1 to 4.6) (p < 0.001)
(Fig. 3A), with corresponding 1-year survival rates of 55.9%,
30.1%, and 5.2%, respectively. The internally validated Harrell’s c-index was 0.682 (95% CI, 0.663 to 0.701), and the scoring system iAUC was 0.654 (S2 Fig. A). In addition, bootstrapping to predict the 24-month survival revealed consistent results in the investigation dataset (S2 Fig. B).
For independent validation, the scoring model was applied
to another dataset, and risk group categorization was performed, as described above, to yield 62 (44.3%), 58 (41.4%),
and 20 (14.3%) patients in the low-risk, intermediate-risk,
and high-risk categories, respectively; the corresponding
median OS durations were 16.7 months (95% CI, 14.9 to 18.5),
7.5 months (95% CI, 3.8 to 11.2), and 1.9 months (95% CI, 1.5
to 2.3) (p < 0.001) (Fig. 3B). Harrell’s c-index was 0.722 (95%
CI, 0.677 to 0.767), and the scoring system iAUC was 0.632

Table 3. Multivariate analysis of the overall survival and scoring index
Factor
ECOG performance status
0-2
3-4
Albumin (g/dL)
 3.4
< 3.4
CEA (ng/mL)
<9
9
CA 19-9 (U/mL)
< 120
 120
NLR
<3
3

Chi-square score

HR

95% CI

10.5

1.00
2.10

1.34-3.28

5.7

1.00
1.49

1.08-2.07

4.5

1.00
1.35

1.02-1.78

4.6

1.00
1.32

1.02-1.70

14.5

1.00
1.64

1.27-2.11

p-value

Score

0.001

0
+2

0.017

0
+1

0.033

0
+1

0.032

0
+1

< 0.001

0
+3

HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; CEA, carcinoembryonic antigen; CA
19-9, carbohydrate antigen 19-9; NLR, neutrophil-lymphocyte ratio.
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Fig. 3. Kaplan-Meier curves of overall survival according to the risk groups based on the prognostic prediction scores: low
risk, 0-2; intermediate risk, 3-5; and high risk, 6-8; investigation (A) and validation datasets (B).

(S2 Fig. A).
Further internal validation was conducted using the primary site data from the investigation dataset. The scoring
model was most reliable for non-hilar cholangiocarcinoma,
and least reliable for intrahepatic cholangiocarcinoma and
ampullary cancer (S3 Table).
4. Associations with treatment outcomes
In the investigational dataset, 234 patients (68.8%) underwent palliative chemotherapy comprising Gem/Cis (n=120,
35.3%) or other regimens (n=114, 33.5%), including 5-fluorouracil (5-FU) or gemcitabine-based chemotherapy with/
without palliative radiotherapy (5-FU monotherapy [n=33,
9.7%], 5-FU/platinum [n=50, 14.7%], 5-FU/adriamycin [n=5,
1.5%], 5-FU/gemcitabine [n=5, 1.5%], gemcitabine monotherapy [n=13, 3.8%], and gemcitabine/oxaliplatin [n=8, 2.4%]).
On the other hand, 98 patients (28.8%) received the best supportive care (BSC) and eight (2.4%) received palliative radiotherapy for bone metastasis (n=3, 0.9%) or local control (n=5,
1.5%). Patients receiving Gem/Cis or other regimens had a
significantly longer survival than those who received BSC
(median OS, 11.0 months vs. 11.3 months vs. 4.0 months,
respectively; p < 0.001).
One hundred eighteen (80.3%) and 96 (66.3%) patients in
the low- and intermediate-risk groups received chemotherapy, whereas only 18 high-risk patients (41.9%) consented to
chemotherapy. In the former group, old age, hypoalbuminemia, leukocytosis, and anemia were the determining factors
regarding the selection of BSC, whereas a young age was the

most important predictor of a preference for chemotherapy
in the high-risk group. Palliative chemotherapy (Gem/Cis or
other regimens) yielded a significant survival benefit in the
low- and intermediate-risk patients (median OS, 11.4 months
vs. 12.1 months vs. 4.8 months; p < 0.001) (Fig. 4A), whereas
the high-risk patients did not receive such benefits (median
OS, 4.3 months vs. 3.8 months vs. 1.1 months; p=0.105)
(Fig. 4B). Similar results were observed in the validation
dataset (Fig. 4C and D).

Discussion
To the best of the authors’ knowledge, this is the first study
to implement a prognostic scoring model for patients with
metastatic BTC at the time of the initial disease presentation.
This model might better indicate which patients would benefit from treatment because given the relative rarity of BTC,
most previous studies enrolled subjects irrespective of the
primary location, disease extent (local or distant metastasis),
and disease status (recurrent or unresectable). Moreover,
many patients with BTC are quite malnourished and have a
poor general state due to the dual effects of malignancy and
obstructive jaundice. Because of this population heterogeneity, identification of the prognostic factors is crucial for clinical trial design and stratification factor selection.
Most studies included patients who received palliative
chemotherapy, whereas the proportions of patients receiving
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Fig. 4. Kaplan-Meier curves of the overall survival according to palliative chemotherapy use in the investigation and validation datasets: low-intermediate-risk (A, C) and high-risk (B, D), respectively. Gem/Cis, combination chemotherapy with
cisplatin and gemcitabine.

active chemotherapy was not high, leading to a small number of study samples and low statistical power. This study
showed that one clinical parameter (ECOG PS) and four laboratory parameters (serum albumin, CEA, CA 19-9, and
NLR) affected the patient survival. ECOG-PS is a well-established, robust prognosticator in a variety of cancers, including BTC [9,11]. Although hypoalbuminemia is not a widely
accepted BTC parameter, it is a key component of the modified Glasgow Prognostic Score, which can predict the cancer
survival independently of the tumor site [12,18]. The pretreatment serum albumin levels provide useful prognostic
information [19] because albumin synthesis reflects malnu-
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trition and tumor-related inflammation through the production of cytokines, such as interleukin 6 [19]. A third of these
patients were identified as nutritionally at-risk upon admission, according to the Malnutrition Universal Screening Tool
(MUST), leading to the initiation of nutritional care plans
[20].
These results are comparable to those of McNamara et al.
[9], who reported the associations of a poor ECOG PS, low
albumin level, and high NLR with reduced survival in
patients with BTC. On the other hand, that study included a
heterogeneous dataset that incorporated all the disease
stages (I-IV) and a wide range of treatments (curative surgery

Hyung Soon Park, Prognostic Model of Metastatic BTC

to palliative therapy), and found that the primary location,
stage, lack of surgery, and anemia were also associated with
survival. In contrast, McNamara et al. [9] identified ECOG
PS as the most significant prognostic factor; the NLR had the
biggest impact on survival in this study. NLR, a marker of
host inflammation, is a prognostic factor in several cancers.
The prognostic significance of NLR might be related to
reduced immunocompetence or neutrophilia, which would
contribute to a tumor-promoting microenvironment characterized by suppressed host immune surveillance. Furthermore, its significance might be attributable to either a
predisposition to chronic inflammation, a known risk factor
for cancer development, or cancer-associated inflammation,
which was also reported to be a key determinant of disease
progression in many cancers [9].
Previous clinical and population-based studies examined
the effects of various inflammatory factors on BTC development [21-24]. In metastatic BTC, the large cancer cell burden
may lead to paraneoplastic production of myeloid growth
factors (e.g., granulocyte colony-stimulating factor), and consequently, leukocytosis. Lymphocytes play a critical role in
the tumor defense by inducing immune-mediated cytotoxic
cell death; accordingly, lymphopenia in a metastatic setting
reflects the reduced immunocompetence and the effects of
lympholytic cytokines produced by cancer or host cells.
Recent findings suggest that in cancer patients, lymphopenia
might arise from tumor-mediated lymphocyte destruction
and/or altered lymphocyte homeostasis [25]. Cancer-associated neutrophils also produce vascular endothelial growth
factor, matrix metallopeptidase-9, reactive oxygen species,
and arginase 1, which encourage tumor development and
inhibit the functions of cytotoxic lymphocytes [26,27]. Interestingly, a high PLR was not found to be significant in this
multivariate analysis, possibly because of the significant link
between NLR and PLR (correlation co-efficient value, 0.446;
p < 0.001).
The markers, CEA and CA 19-9, are non-specific because
their expression may increase in response to extrahepatic
obstruction from any cause, and their cutoff values are more
obscure in the context of metastatic BTC. Previous studies
usually adopted the median values or normal ranges to
dichotomize these continuous variables; however, some of
the percentiles and averages were arbitrary and might not
reveal the true prognostic value of these variables [28].
Accordingly, the Contal and O’Quigley method, which
selects a cutoff point that maximizes the model likelihood
only after evaluating all possible cutoffs, was implemented
and useful cutoff values of 9 ng/mL for CEA and 120 U/mL
for CA 19-9 were estimated in patients with metastatic BTC.
On the other hand, this study focused only on the dichotomization of a continuous covariate, assuming that such
dichotomization would be possible from a biological point

of view; however, more than one cutoff may exist in reality.
Furthermore, an ideal cutoff search would work within the
framework of a multiple regression model to eliminate the
potential influences of other prognostic factors. Nevertheless,
this study provides insights into some of the data and outcome-oriented cutoff determination methods.
The retrospective study design introduced some limitations with regard to interpreting the effects of the different
treatment regimens used in this study. Gem/Cis has been
available and accepted widely in Korea since 2011. Prior to
that, various monotherapies and doublet regimens that
included 5-FU, gemcitabine, and platinum agents were used.
In addition, > 30% of patients failed to start first-line chemotherapy. In the low-risk group, 20% of patients refused chemotherapy because of old age, poor nutritional status, and
combined inflammation; in contrast, > 40% of patients in the
high-risk group attributed their decision in favor of chemotherapy to their young age. This scoring system is expected
to allow more sophisticated treatment decisions. For example, patients with a score of  2 could expect their survival to
be extended by up to 16 months with active chemotherapy
(Gem/Cis or other regimens), and these patients would be
candidates for more aggressive regimens or clinical trials. On
the other hand, high-risk patients (score  6) are unlikely to
benefit from chemotherapy. Nevertheless, it would be
imprudent to conclude that chemotherapy is contraindicated
for this group because the survival curves are still separated
between chemotherapy and best supportive group, even
though statistical significance was not reached. This may be
related to the lack of power, in which only small number of
patients was included for analysis. Alternatively, monotherapy could be a rational option, even though a prospective
evaluation will be needed.
Regarding the intermediate group, patients treated with
chemotherapy had a median survival of 9.9 months, suggesting that the general survival benefit of chemotherapy has not
been established clearly; still, chemotherapy yielded a significant difference in survival (9.9 months vs. without 4.2
months; p=0.006, log-rank test). Therefore, chemotherapy is
recommended for patients with a good clinical condition. On
the other hand, patients with general deterioration (ECOG
2) or insufficient biliary decompression will receive only
small benefits from chemotherapy, and its indications should
be considered carefully. Overall, these findings suggest that
the proposed scoring system could facilitate the selection of
the "right" patients for the "right" treatment plan.
In this study, multiple internal validation analyses were
performed. The Harrell’s c-index (0.682), iAUC (0.654), and
bootstrapping showed that the proposed model possesses
meaningful risk-based patient discrimination power [29].
Given the rarity of BTC, validation studies involving independent datasets are uncommon; internal validation methoVOLUME 49 NUMBER 4 October 2017
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dologies were considered to be insufficiently credible and it
is believed that the inclusion of an independent test set validation is the strength of the present study. Validation using
an independent set confirmed that this scoring system clearly
divided patients according to risk. On the other hand, there
was another limitation. Although the investigation and validation datasets comprised independent populations, all
patients were treated at a single center. Therefore, the proposed scoring model needs to be assessed in an external validation dataset to improve the robustness.
In conclusion, a set of prognostic criteria were proposed to
determine the survival outcomes of patients with metastatic
BTC, which were validated independently. Specifically, this
system suggests cutoff values for the ECOG PS, albumin,
CEA, CA 19-9, and NLR, which were identified as independent prognostic factors. In addition, the prognostic scoring
system provides a rationale for the risk stratification of
patients with metastatic BTC. Clinicians should find that this
system facilitates treatment-related decision making.
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Purpose
The selective elimination of cancer stem cells (CSCs) in tumor patients is a crucial goal
because CSCs cause drug refractory relapse. To improve the current conventional bispecific
immune-engager platform, a 16133 bispecific natural killer (NK) cell engager (BiKE), consisting of scFvs binding FcRIII (CD16) on NK cells and CD133 on carcinoma cells, was first
synthesized and a modified interleukin (IL)-15 crosslinker capable of stimulating NK effector
cells was introduced.
Materials and Methods
DNA shuffling and ligation techniques were used to assemble and synthesize the 1615133
trispecific NK cell engager (TriKE). The construct was tested for its specificity using flow
cytometry, cytotoxic determinations using chromium release assays, and lytic degranulation.
IL-15–mediated expansion was measured using flow-based proliferation assays. The level
of interferon (IFN)- release was measured because of its importance in the anti-cancer
response.
Results
1615133 TriKE induced NK cell–mediated cytotoxicity and NK expansion far greater than
that achieved with BiKE devoid of IL-15. The drug binding and induction of cytotoxic degranulation was CD133+ specific and the anti-cancer activity was improved by integrating the
IL-15 cross linker. The NK cell–related cytokine release measured by IFN- detection was
higher than that of BiKE. NK cytokine release studies showed that although the IFN- levels
were elevated, they did not approach the levels achieved with IL-12/IL-18, indicating that
release was not at the supraphysiologic level.
Conclusion
1615133 TriKE enhances the NK cell anti-cancer activity and provides a self-sustaining
mechanism via IL-15 signaling. By improving the NK cell performance, the new TriKE represents a highly active drug against drug refractory relapse mediated by CSCs.

Introduction
The treatment of cancer stem cells (CSCs) is still a challenge
in the management of cancer in humans. Characteristics,
such as chemo- and radio-resistance [1], lead to persistence
in patients and is a known cause for drug refractory relapse.
CD133 has been identified as a frequently expressed marker
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for CSCs in different tumor types [2,3]. CD133, a transmembrane glycoprotein, is expressed on the cell surface of normal
stem cells as well as on CSCs, but CSCs may be characterized
by a higher CD133 copy number, providing a basis for effective targeting [4]. CD133 has an important clinical impact in
cancer through its association with the Wnt/-catenin pathway and has demonstrated prognostic relevance in cancer
patients [5].
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Natural killer (NK) cells are large granular lymphocytes
that are known for their potential to recognize malignanttransformed and virus-infected cells via a sophisticated
repertoire of activating and inhibitory surface receptors that
mediate the killing of the target by the insertion of cytotoxic
perforin and granzyme toxins. These characteristics make
them important effectors of immune surveillance and cancer
defense. The lymphoid repertoire of the human body comprises several NK cell subpopulations that differ in their level
of receptor expression. The main population capable of eliminating tumor cells is composed of CD56dimCD16bright cells.
The mechanisms for NK-mediated tumor elimination
include natural cytotoxicity, antibody-dependent cell-mediated cytotoxicity (ADCC), and the secretion of interferon
(IFN)-, which are essential for mediating the anti-tumor
activity.
NK cells are activated by interleukin (IL)-15 [6] by binding
to the IL-15 receptor complex (3 subunits, 2 of them shared
with the IL-2 receptor complex). IL-15 mediates the lymphokine- activated killer activity and increases ADCC [6-8].
IL-15 and IL-2 have the ability to mediate the ex vivo expansion of NK cells; up to 20-fold expansion after 2 weeks [9].
This cytokine may have certain therapeutic advantages over
IL-2. Studies have shown the benefits of the expansion of
allogeneic peripheral blood mononuclear cells (PBMCs) for
cancer therapy, but the approach is limited by T cell contamination and the induction of graft-versus-host disease. The
potential of IL-15 to induce the expansion and prolonged survival of NK cells in vivo indicates the potential to improve
NK cell performance and implicates its use as an effective
immunotherapeutic agent [10], particularly if delivered
selectively to the NK cell population and the exact site of
ADCC in vivo.
Several immunotherapeutic agents were reported to target
CD16 [11,12]. All of these show the capability of targeting
CD16 target cells selectively. On the other hand, none of
these have incorporated IL-15 as a self-sustaining agent
capable of stimulating NK expansion.
This study presents a self-sustaining trispecific NK cell
engager (1615133 TriKE) that specifically kills CD133+ target
cells through the mechanism of ADCC. The construct is composed of a scFv isolated from a hybridoma generated by
immunizing against the extracellular domain of CD133.
1615133 TriKE recognizes a framework determinant that
crosses species platforms [13]. The construct also contains an
anti-CD16 scFv generated in a human phage display library
[11] that binds FcGRIII on NK cells to form an immune
synapse between the NK cells and CD133 expressing tumor
targets, which results in NK cell activation and directed
tumor target killing. A human IL-15 encoding cross linker
that enhances anti-cancer reactivity significantly was
included to provide a priming and expansion signal, leading

to an improvement in the NK cell therapeutic potential. This
new platform technology has been shown to work with other
scFvs targeting a range of cancer antigens and it is hoped that
this new iteration will facilitate the targeting of the CSC pool
[14-16].

Materials and Methods
1. Construction of 1615133 TriKE
The hybrid gene encoding 1615133 was synthesized using
DNA shuffling and DNA ligation techniques. The fully
assembled gene (from 5 end to 3 end) encoded a NcoI
restriction site; an ATG start codon; anti-human CD16 scFv
[17]; a 20 amino acid (aa) segment, PSGQAGAAASESLFVSNHAY; N72D-mutated human IL-15 [18]; the seven amino
acid linker, EASGGPE; anti-CD133 scFv [13]; and a NotI
restriction site. The resulting 1,884 base pair NcoI/NotI fragment gene was spliced into the pET28c expression vector
under the control of an isopropyl--D-thiogalactopyranoside
(IPTG) inducible T7 promoter. DNA sequencing analysis
(Biomedical Genomics Center, University of Minnesota, St.
Paul, MN) was used to verify that the gene sequence was correct and had been cloned in frame.
2. Isolation of inclusion body
For the expression of proteins, the Escherichia coli strain
BL21 (DE3) (Novagen, Madison, WI) was used after plasmid
transfection. The bacteria were cultured overnight and
grown in 800-mL Luria broth containing 50 mg/mL carbenicillin. When the media reached an absorbance of 0.65 at 600
nm gene expression was induced via the addition of IPTG
(FischerBiotech, Fair Lawn, NJ). After 2 hours, the bacteria
were harvested. After a homogenization step in a buffer
solution (50 mM Tris, 50 mM NaCl, and 5 mM EDTA pH 8.0),
the pellet was sonicated and centrifuged. To extract the pellet, 0.3% sodium deoxycholate, 5% Triton X-100, 10% glycerin, 50 mmol/L Tris, 50 mmol/L NaCl, and 5 mmol/L
EDTA (pH 8.0), was used and the extract was washed.
3. Refolding and purification
Refolding and purification processes were described
recently [19,20]. To refold the proteins, inclusion bodies were
dissolved at a 20:1 ratio in a solubilization buffer (7 M guanidine hydrochloride, 50 mM Tris, 50 mM NaCl, 5 mM ethylenediaminetetraacetic acid, and 50 mM dithiothreitol, pH
8.0) and incubated for 1 hour at 37°C. After incubation, the
VOLUME 49 NUMBER 4 October 2017
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pellets were removed by centrifugation and the supernatant
was diluted (20-fold) with a refolding buffer (50 mM TrisHCl, 50 mM NaCl, 0.8 mM L-arginine, 20% glycerin, 5 mM
EDTA, and 1 mM GSSG at pH 8.0) and incubated further for
2 days at 4°C. To remove the buffer, 10-fold dialysis against
20 mM Tris-HCl at pH 9.0 in 20 mM Tris-HCl at pH 9.0 over
four column volumes was used. To evaluate the purity,
sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) was performed using Simply Blue life Stain
(Invitrogen, Carlsbad, CA). The size of 1615133 was approximately 66,680 Da.

and anti-CD19 scFv linked to a diphtheria toxin [DT2219]; or
National Cancer Institute [NCI] derived IL-15 alone). After
incubation for 7 days in a humidified atmosphere containing
5% CO2 at 37°C, the cells were harvested, stained for their
viability with Live/Dead reagent (Invitrogen), and surface
stained for anti-CD56 PE/Cy7 (BioLegend, San Diego, CA)
and anti-CD3 PE-CF594 (BD Biosciences, Franklin Lakes, NJ)
to gate on the viable CD3–CD56+ population. Data analysis
was performed using FlowJo software ver. 7.6.5. (Flowjo
Enterprise LCC, Ashland, OR) and proliferation was characterized using the expansion index readout. The formula for
the expansion index is described elsewhere [22].

4. Tissue culture
7. CD107a degranulation assay
The following cell lines were obtained from the American
Type Culture Collection: colorectal carcinoma cell line, Caco2; and Burkitt lymphoma cell line, Raji. The Caco-2 cell line
was grown in monolayers [21] using RPMI supplemented
with 20% fetal bovine serum (FBS) and 2 mmol/L L-glutamine. Raji was grown in suspension using Eagle’s minimum
essential medium supplemented with 20% FBS and glutamine. Both cell lines were incubated at a humidified atmosphere containing 5% CO2 at a constant 37°C. When the
adherent cells were more than 90% confluent, they were passaged using trypsin-EDTA for detachment. For the cell
counts a standard hemocytometer was used. Only those cells
with a viability > 95% were used for the experiments, as
determined by trypan blue exclusion.
5. Isolation of NK cells and purification
To isolate the PBMCs, a histopaque gradient (SigmaAldrich, St. Louis, MO) and SepMate tubes (Stemcell Technologies, Vancouver, Canada) were used. Adult blood was
derived from healthy volunteers (Memorial Blood Center,
Minneapolis, MN). To enrich the NK cells, magnetic beads
(Stemcell Technologies) were used according to the manufacturer´s protocol by performing a negative selection. The
purity was determined by flow cytometry. The samples were
obtained after informed consent and in accordance with the
University of Minnesota human subjects Institutional Review
Board and the Declaration of Helsinki.
6. Proliferation assay
The PBMCs or enriched NK cells from healthy donors
were labeled with a proliferation dye (CellTrace Violet Cell
Proliferation Dye, Invitrogen) according to the manufacturer’s protocol. After staining, the effectors were cultured
with 50 nM of the respective drugs (anti-CD16 scFv, antiCD133 scFv, 16133 bispecific NK cell engager (BiKE), and
1615133 TriKE; a targeted toxin consisting of an anti-CD22
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Flow cytometry assays to quantify the lytic degranulation
via CD107a surface expression and intracellular IFN- presence were reported previously [23]. The PBMCs were incubated over-night (37°C, 5% CO2) in RPMI 1640 media
supplemented with 10% fetal calf serum (RPMI-10). The positive control was supplemented further with 10 ng/mL
recombinant IL-12 (Peprotech, Rocky Hill, NJ) and 100
ng/mL IL-18 (R&D Systems, Minneapolis, MN). PBMCs
were resuspended with noted targets or media after several
washing steps with RPMI-10, the cells were then exposed to
50 nM of 1615133 TriKE or the other drugs (16133 BiKE, NCI
derived IL-15, anti-CD16 scFv, anti-CD133 scFv) and incubated for 10 minutes at 37ºC with 5% CO2. Fluorescein isothiocyate (FITC)–conjugated anti-human CD107a monoclonal
antibody (mAb) (lysosomal-associated membrane protein 1)
(BD Biosciences, New Jersey, CA) was then added and incubated for 1 hour. After incubation, GolgiStop (1:1,500, BD
Biosciences, San Jose, CA) and GolgiPlug (1:1,000, BD Biosciences, San Jose, CA) were added for 3 hours (37°C, 5%
CO2). After the washing steps with 1 phosphate buffered
saline, the cells were stained with PE/Cy 7-conjugated antiCD56 mAb, APC/Cy 7-conjugated anti-CD16 mAb, and
PE-CF594–conjugated anti-CD3 mAb (BioLegend). The cells
were then incubated for 15 minutes at 4°C, washed and fixed
with 2% para-formaldehyde. After the fixing step, the cells
were exposed to permeabilization buffer (BD Biosciences, San
Jose, CA) and incubated with Pacific Blue–conjugated antihuman IFN- (BioLegend) for 20 minutes. The cells were
finally washed and evaluated by fluorescence-activated cell
sorting analysis using a LSRII flow cytometer (BD Biosciences, San Jose, CA) gating on CD56+CD3– cells.
8. 51Chromium release cytotoxicity assay
The Caco-2 cells were labeled with 1 µCi of 51Cr per 1105
target cells at 37°C, 5% CO2 for 1 hour. After washing to
remove the excess 51Cr, the Caco-2 cells were added to a 96-
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well round-bottom plate (5103 cells). The resting PBMCs
were treated with 1, 5, and 10 nM 1615133 TriKE; 10 nM
16133 BiKE; or 10 nM anti-CD133 or anti-CD16 scFv at an
effector:target (E:T) ratio ranging from 0.08:1 to 20:1. The
amount of 51Cr released corresponds to the target cell death
and was measured using a gamma scintillation counter. The
percentage target cell lysis was calculated using the following formula: [(experimental lysis–spontaneous lysis)/(maximal lysis–spontaneous lysis)]100. To determine the maximal lysis, the 51Cr-labeled target cells were treated with 3%
Triton X for 4 hours.
9. Binding/blocking assay
To evaluate the drug binding, 4105 Caco-2 cancer cells
were washed and incubated in 4°C with 1, 5, 10, 50, 100, 200,

and 500 nM of FITC-labeled 1615133 TriKE for 30 minutes.
For blocking, 200 nM of an anti-CD133 scFv was added to
the same concentrations of the FITC labeled 1615133 and
incubated for 30 minutes at 4°C. After washing, the staining
intensity was evaluated using an LSRII flow cytometer (BD
Biosciences, San Jose, CA).
10. Statistical analyses
The data are presented as the mean±standard deviation.
For statistical evaluation a Student’s t test was used to compare two groups, whereas one-way analysis of the variance
(ANOVA) was used for multiple comparisons. Data analysis
and presentation were performed using Graphpad Prism 5
(GraphPad Software, Inc., La Jolla, CA).
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interleukin 15; scFV, single chain variable fragment; TriKE,
trispecific natural killer cell engager.

Results
1. 1615133 production and purification
To produce a self-sustaining hybrid NK cell engager, the
16133 BiKE platform (Fig. 1A) was altered with a modified
IL-15 crosslinker incorporated between the two scFv constructs forming 1615133 TriKE (Fig. 1B). The new construct
contained DNA fragments from the VH and VL regions of an
anti-CD16 scFv, an N72D-modified IL-15 flanked with a 20
aa segment and the 7 aa linker EASGGPE, and the VH and VL
regions of an anti-CD133 scFv. Fig. 1C presents the absorbance tracing from the FFQ ion exchange column as the first
phase in drug purification. The first major peak eluted from
the column represents the drug. Size exclusion column
purification (Fig. 1D) and SDS-PAGE gel (Fig. 1E) with
Coomasie Blue staining showed high purity (over 90%) and
a protein size of 66,680 Da.
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2. Activity of the IL-15 moiety
The proliferation induced by the IL-15 moiety of the TriKE
was measured by CellTrace dye dilution in viable NK and T
cell populations. When the donor PBMCs were exposed to
1615133 TriKE or 16133 BiKE, only the TriKE group induced
proliferation (Fig. 2A). Importantly, as shown with previous
molecules [14,20], the T cells displayed minimal proliferation
after 7 days of drug exposure, suggesting that the expansion
was mostly restricted to NK cells (Fig. 2B). A comparison
with other control agents, including anti-CD16 scFv, antiCD133 scFv, DT2219 (a targeted toxin consisting of an antiCD22 and anti-CD19 scFv linked to a diphtheria toxin), and
NCI derived IL-15, showed that only 1615133 TriKE and NCI
IL-15 induced proliferation. The other controls showed only
the base level proliferation of NK cells (Fig. 2A). To determine the potential of 1615133 TriKE to induce prolonged survival, the purified NK cells were incubated for 7 days with
1615133 or 16133 BiKE. A reactive dye was used to quantify
cell death in the different treatment groups. The TriKE group
showed a significantly larger amount of live cells, which do
not incorporate the reactive dye, compared to BiKE (Fig. 2C).
Overall, the results indicate that IL-15 present in 1615133
TriKE induced NK cell proliferation and prolonged their survival.
3. Activity and specificity of lytic degranulation
The potential of TriKE to induce lytic degranulation was
assessed by examining the induction of CD107a expression
on NK cells. As a representative of a CD133 positive cancer
population, PBMC were exposed to Caco-2 colorectal carcinoma cells and the coculture was treated with 16133 BiKE,
1615133 TriKE, NCI derived IL-15, anti-CD16 scFv, and antiCD133 scFv. Representative gating procedure is shown in
Fig. 3A-C and expression is estimated in Fig. 3D. BiKE and
TriKE showed significantly enhanced NK cell related
degranulation compared to the controls (p < 0.001). In Fig.
3E, Raji cells were used as a negative control because they
have no CD133 expression. Only supraphysiologic IL-12/
IL-18 stimulation, which did not include targets, showed
enhanced degranulation here (p < 0.001), but the level did
not appear to be biologically relevant. The data indicate that
specific NK cell lytic degranulation occurs only in the presence of CD133-expressing targets.
4. Specificity of binding and activity of the TriKE
Standard 51Cr release assays were performed to evaluate
the functional activity of 1615133 TriKE in the actual killing
of tumor targets, rather than just measuring NK cell degranulation. To determine the effects of incorporating IL-15 into
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Fig. 2. Expansion and survival. Purified NK cells were exposed to anti-CD16 scFv (CD16), anti-CD133 scFv (CD133), 16133
BiKE, 1615133 TriKE, DT2219 (a targeted toxin consisting of an anti-CD22 and anti-CD19 scFv linked to a diphtheria toxin),
and National Cancer Institute–derived interleukin 15 (IL-15). The graph shows data in both raw histogram form (indicating
multiple division cycles) and as a formal calculation of the expansion index. (A) As seen after the evaluation of the expansion
index, only TriKE and IL-15 increased proliferation significantly (labeled with the letter a) (n=5). Expansion index was calculated using Flowjo software according to the formula: expansion index=(1–PF)/(1–Dil) (where PF=fraction of the original
population divided at least once during the culture period and Dil=percentage of cells in the final population that have
divided), for each group [22]. The significance was estimated by one-way ANOVA and presented with standard deviation.
(B) Representative histogram illustrates that after gating on NK cells and T cells, a typical proliferative pattern was visible
only in NK cells and not in T cells. (C) Purified NK cells were exposed to 1615133 TriKE and 16133 BiKE and incubated for
7 days. The representative histogram illustrates an impressively larger number of live cells with TriKE compared to the construct without the IL-15 moiety. NK, natural killer; scFV, single chain variable fragment; BiKE, bispecific natural killer cell
engager; TriKE, trispecific natural killer cell engager; IL-15, interleukin 15.
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Fig. 3. Induction of the Degranulation of 1615133 TriKE. (A-C) Gating strategy is shown with the representative Zebraplots
of effectors and Caco-2 target cells with 1615133 exposure. (D, E) CD133+ Caco-2 and CD133– Raji cells were exposed to
peripheral blood mononuclear cells and 16133 BiKE, 1615133 TriKE, National Cancer Institute–derived IL-15 (IL15), antiCD16 scFv or anti-CD133 scFv (CD133). The positive control contained peripheral blood mononuclear cells and supraphysiologic concentrations of IL-12 and IL-18 (IL-12/IL-18). With Caco-2 cells the samples with 16133 BiKE and 1615133 TriKE
showed significantly higher CD107a expression compared to the controls (noted in graph). For Raji cells, this was only
obvious for the IL-12/IL-18 control. The graphs show the pooled data of CD107a expression for each of the groups (n=3).
The significance was estimated with one-way ANOVA and presented with the standard deviation. a)p < 0.001. TriKE, trispecific natural killer cell engager; BiKE, bispecific natural killer cell engager; IL, interleukin; SSC, side scatter; FSC, forward
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the 16133 scaffold, the cytotoxicity was evaluated using NK
cells of two separate donors and Caco-2 tumor targets at different E:T ratios (20:1, 10:1, and 5:1) and the differences in
activity among 1615133 TriKE, 16133 BiKE, anti-CD16 scFv,
anti-CD133 scFv, and no drug treatment were compared
(Fig. 4A and B). Owing to baseline variations, the repro-
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ducibility was ensured by repeating the assays with different
donors. Killing of the Caco-2 targets was elevated in the
TriKE samples compared to the controls, but in the CD107a
flow cytometric assays, the level of NK cell degranulation
was not significantly higher than in the BiKE group. Furthermore, higher NK cell levels, denoted by the higher E:T ratios,
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Fig. 4. 51Chromium release and binding. (A, B) To evaluate the drug activity, 51Cr release assays using two donors were performed. 1615133 TriKE, 16133 BiKE, anti-CD16 scFv (16scFv), and anti-CD133 scFv (133scFv) (30 nM) were cocultured with
CD133+ Caco-2 cells and peripheral blood mononuclear cells at the labeled E:T ratios. (C) Peripheral blood mononuclear
cells and Caco-2 cells were exposed to different TriKE concentrations (1, 5, and 10 nM) and titered at their E:T ratio (20:1,
6.6:1, 2.2:1, 0.7:1, 0.23:1, and 0.08:1). (D) Fluorescein isothiocyate labeled 1615133 TriKE was incubated at the labeled concentrations with Caco-2 cells. In the same experiment, the same amount of FITC labeled 1615133 was added with 200 nM of
unlabeled monomeric CD133 scFv for blocking. TriKE, trispecific natural killer cell engager; BiKE, bispecific natural killer
cell engager; scFV, single chain variable fragment; E, effector; T, target.

showed larger differences in activity with TriKE inducing the
most killing. The dose dependent titration of 1615133 TriKE
(1, 5, and 10 nM) with a broader spectrum of E:T ratios (20:1,
6.6:1, 2.2:1, 0.7:1, 0.23:1, and 0.08:1) had the highest impact of
the drug activity at higher doses (Fig. 4C). To evaluate the
specificity of binding, the flow cytometry-based fluorescence
intensity was measured after the incubation of Caco-2 cells

with FITC labeled 1615133 TriKE at different concentrations
(1, 5, 10, 50, 100, 200, and 500 nM). When an unlabeled antiCD133 scFv was added in addition to 1615133 TriKE, binding
was reduced potently, indicating that 1615133 TriKE is binding target to cells specifically through the interaction with
CD133 (Fig. 4D). Experiments were also performed with 100
and 500 nM to ensure reproducibility. Together, these results
VOLUME 49 NUMBER 4 October 2017
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Fig. 5. Intracellular IFN- production. (A) Peripheral blood mononuclear cells and Caco-2 cell targets were exposed to
DT2219, National Cancer Institute derived IL-15 (IL-15), anti-CD16 scFv (CD16), anti-CD133 scFv (CD133), 16133 BiKE,
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killer; E, effector; T, target. a)Significance compared to E+T (p < 0.001), b)Significance direct comparison (p < 0.001).

indicate that the ADCC mediated by the TriKE was antigen
directed.
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To determine if 1615133 TriKE can also induce pro-inflammatory cytokine production in NK cells, flow cytometry was
performed to evaluate intracellular IFN- production. The
PBMCs of healthy donors were exposed to CD133+ Caco-2
targets and 50 nM of DT2219, NCI derived IL-15, anti-CD16
scFv, anti-CD133 scFv, 16133 BiKE, 1615133 TriKE, and supraphysiologic levels of IL-12 and IL-18 (as a positive control).
IL-15, anti-CD16 scFv, and BiKE induced a small but significant increase in the proportion of IFN- producing cells compared to the effector+target control. On the other hand,
1615133 TriKE induced a significantly higher proportion of
cytokine-producing NK cells compared to all tested drugs,
with the exception of the IL-12/IL-18 positive control, which
displayed the highest level of cytokine producing NK cells
(Fig. 5A). The Burkitt lymphoma Raji cell line, which is
CD133– was used to evaluate the specificity of IFN- induction. IL-15, anti-CD16 scFv, and 1615133 TriKE showed negligible elevated levels compared to the control with effectors
+targets alone. TriKE showed significantly elevated IFN-
levels compared to BiKE, presumably via the IL-15 moiety,

60
IFN-γ positive cells (%)

5. Ability of IFN- induction

70

Fig. 6. Dose dependent IFN- production. Caco-2 cells
were incubated with peripheral blood mononuclear cells
and exposed to labeled doses of the TriKE and BiKE constructs. After gating on NK cells, flow cytometry showed
the respective intracellular IFN- production. IFN-, interferon ; TriKE, trispecific natural killer cell engager; BiKE,
bispecific natural killer cell engager; NK, natural killer; E,
effector; T, target; IL, interleukin.
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but also significantly lower levels than the IL-12 and IL-18
control (Fig. 5B).
The efficacy of IL-15 in the 16133 scaffold was made more
obvious by comparing the dose dependent IFN- elevation
of 16133 BiKE and 1615133 TriKE. PBMCs were cocultured
with CD133+ Caco-2 cells and exposed to the BiKE and TriKE
in increasing concentrations (0.1, 1, 5, 10, 30, and 50 nM).
Superior NK cell–related IFN- production of TriKE was
observed at a minimum of 1 nM and increased in a dose
dependent manner, whereas the BiKE group showed constant IFN- levels that were significantly lower than TriKE.
Both drugs showed significantly lower IFN- levels than the
positive IL-12/IL-18 group (Fig. 6).

Discussion
This study documents the formation and testing of a selfsustaining NK cell engager that targets NK cells and CD133+
cells via anti-CD16 and anti-CD133 scFvs. To improve the
mode of action of the previously published 16133 BiKE [19],
this platform was used to introduce a modified IL-15 cross
linker. The new TriKE mediates the specific and improved
ADCC and causes NK cell proliferation and prolonged survival. These characteristics were not inducible either with
16133 BiKE, anti-CD16 scFv alone, anti-CD133 scFv alone, or
IL-15 alone. In addition, our group previously demonstrated
that this same scFv is capable of targeting CD133+ tumor-initiating cells [19]. We have effectively produced the first CSCspecific NK cell immune engager that is capable of simultaneously mediating ADCC and effector cell expansion that
can serve as a sufficient off-the-shelf therapy.
Overall, the data suggest that the 1615133 TriKE could theoretically provide an inexpensive alternative to ongoing CAR
T cell approaches. In particular, this molecule possesses characteristics that might better drive the NK cell targeting of
CSCs.
The benefits of the combinational use of mABs and cytokines, such as IL-15 and IL-2, to improve NK cell–based
immunotherapy have been hypothesized [24]. The safety
profile, however, tends to be beneficial with IL-15 considering the clinical trials that used IL-2 in pediatric patients suffering from neuroblastoma and adults with ovarian carcinoma. The authors reported that besides the minor signs of
improved anticancer reactivity, IL-2–related toxicity leads to
serious adverse events, resulting in dose-limiting administration [25]. Furthermore, a murine model showed that the
dose to induce pulmonary vascular leakage was 6 times
higher with IL-15 exposure than with IL-2, supporting a
superior safety profile of IL-15 [26]. Several clinical studies

are ongoing using IL-15 to treat patients with refractory
malignant melanoma and metastatic renal cell cancer or as
an adjuvant therapy after chemotherapy and lymphocyte
transfer in metastatic melanoma. A phase I study included
12 consecutive patients with metastatic melanoma and renal
cell cancer, and IL-15 administration showed a response in
five patients with a decrease in their marker lesions. In addition to these results, the authors stated the impact in NK cellrelated anti-cancer performance by the mediation of proliferation and prolonged survival [27,28] implying the valuable impact of IL-15 in NK cell related anti-cancer defense.
The advantage of introducing the IL-15 molecule to BiKE
rather than combining BiKE with IL-15 was observed in previously studied TriKEs 161533 [14] and 1615EpCAM [20]. A
side-by-side comparison between the respective TriKEs with
BiKEs plus IL-15 showed that the TriKEs induced superior
functionality in various entities compared to the separate
administration of IL-15. This indicates a different mode of
action. Furthermore, targeting via TriKE might improve the
accumulation of the IL-15 stimulus at the site of the malignancy. The expectation with 1615133 TriKE is that this molecule will enhance targeting and killing at the site of the CSC
pool through the delivery of an ADCC and IL-15 signal.
On the other hand, side effects also occur with IL-15
administration that can cause serious complications. Conlon
et al. [27] reported a hemodynamic imbalance and typical
cytokine-related complications, such as fever and chills,
restricted to Common Terminology Criteria for Adverse
Events (CTCAE) grade 3 toxicity. Myelosupressive disturbances were reported in one of twelve patients with the highest CTCAE grade 4 concerning lymphopenia [27].
Owing to the reported short term IL-6, IL-8, and IFN-
elevations after recombinant human IL-15 administration,
this study focused on IFN- because it is a well-recognized
marker cytokine indicating a cytokine storm. Moderate IFN release after 16133 BiKE exposure has already been recognized [19]. A side-by-side comparison of BiKE and TriKE
revealed a dose dependent enhancement of IFN- release
that was higher with the IL-15–containing drug but moderate
compared to the supraphysiologic IL-12/IL-18 control. On
the other hand, there is the possibility that by targeting NK
cells with IL-15, 1615133 TriKE would restrict IL-15 signaling
to that subset alone, possibly decreasing the overall negative
impact and adverse effects. Furthermore IFN- has antitumor function and is necessary for inducing a productive
inflammatory response [29]. Therefore, the moderate IFN-
release induced by 1615133 TriKE might bolster the anti-cancer effects while reducing the toxicity by targeting IL-15 to
NK cells.
The sufficient elimination of CSCs is still an unachieved
goal in oncology patients. Characteristics, such as chemoresistance and radio-resistance [1], as well as tumor initiating
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and self-renewal abilities lead to the persistence of CSCs in
the patient and represents a known cause for drug refractory
relapse, even after years of remission. Studies describe the
occurrence of CSCs in several tumor entities, such as breast,
colon, prostate, liver, pancreatic, lung cancer, and head and
neck squamous cell carcinoma implying the potential for
fundamental improvement in cancer treatment by specifically targeting CSCs. The targeting of CD133+ cells leads to a
tumor response in breast, ovarian, and gastrointestinal cancer [30,31] even if CSCs represent only a minor percentage
(< 10%) of the entire tumor mass [32]. Similar results have
been shown with toxin-containing constructs that sufficiently
eliminated CD133+ CSC in vitro as well as in a murine model
[30,33]. These findings suggest that the novel 1615133 TriKE,
described here, has the potential to curve relapse by targeting
the CSC pool.
Note that the authors used a fluorescently labeled antiCD133 scFv, which is same as the scFv present in 1615133
TriKE, to enrich CD133+ cells via flow cytometric sorting and
these cells were used in tumor initiation assays. In an in vivo
mouse xenograft model, the enriched cells augmented the
size and speed of human head and neck cancer tumor
growth [31]. Expedited tumor initiation has been shown to
be a hallmark of CSC activity. This data helps validate the
targeting of CD133 in TriKE.
CD133 was reported to be expressed in normal stem cells,
which are found in the nervous and vascular system as well
as in pluripotent stem cells of the hematopoietic system
[34-36]. Drug safety analyses in previous studies using a targeted toxin linked to an identical anti-CD133+ scFv (dCD133KDEL) revealed very little non-target-related toxicity in a
murine model and in human in vitro pluripotent stem cell
assays [37]. This lack of reactivity to normal stem cells could
be attributed to the differential copy number. Even if normal
stem cells are being targeted, Rutella et al. [38] described the
occurrence of CD133– pluripotent stem cells in bone marrow

capable of differentiating into lymphoid, myeloid, and
CD133+ cells implicating the sufficient regeneration of the
hematopoietic system even after the elimination of CD133+
stem cells [39].
The incorporation of a modified IL-15 crosslinker in the
16133 BiKE scaffold forming 1615133 TriKE shows therapeutic promise. The new TriKE demonstrated an improvement
of ADCC. Furthermore, the focused delivery of IL-15 stimulus as part of the same molecule that harnesses NK cells to
form an immunological synapse with cancer cells provides
prolonged survival and proliferation of effectors. The data
suggests that the new construct might address the need to
provide a highly active immune engager capable of eliminating CSCs at the root of drug refractory relapse in cancer
patients.
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Hormone Agonists in Premenopausal Hormone Receptor–Positive
Metastatic Breast Cancer Patients Treated with Aromatase Inhibitors

Purpose
Although combining aromatase inhibitors (AI) with gonadotropin-releasing hormone agonists
(GnRHa) is becoming more common, it is still not clear if GnRHa is as effective as bilateral
salpingo-oophorectomy (BSO).
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Materials and Methods
We retrospectively analyzed data of 66 premenopausal patients with hormone receptor–
positive, human epidermal growth factor receptor 2–negative recurrent and metastatic breast
cancer who had been treated with AIs in combination with GnRHa or BSO between 2002
and 2015.
Results
The median patient age was 44 years. Overall, 24 (36%) received BSO and 42 (64%)
received GnRHa. The clinical benefit rate was higher in the BSO group than in the GnRHa
group (88% vs. 69%, p=0.092). Median progression-free survival (PFS) was longer in the
BSO group, although statistical significance was not reached (17.2 months vs. 13.3 months,
p=0.245). When propensity score matching was performed, the median PFS was 17.2
months for the BSO group and 8.2 months for the GnRHa group (p=0.137). Multivariate
analyses revealed that the luminal B subtype (hazard ratio, 1.67; 95% confidence interval
[CI], 1.08 to 2.60; p=0.022) and later-line treatment ( third line vs. first line; hazard ratio,
3.24; 95% CI, 1.59 to 6.59; p=0.001) were independent predictive factors for a shorter
PFS. Incomplete ovarian suppression was observed in a subset of GnRHa-treated patients
whose disease showed progression, with E2 levels higher than 21 pg/mL.

*A list author’s aliations appears at the end
of the paper.

Conclusion
Both BSO and GnRHa were found to be effective in our AI-treated premenopausal metastatic
breast cancer patient cohort. However, further studies in larger populations are needed to
determine if BSO is superior to GnRHa.

Key words
Breast neoplasms, Premenopause, Aromatase inhibitors,
Ovariectomy, Gonadotropin-releasing hormone
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Introduction

Materials and Methods

Although bilateral salpingo-oophorectomy (BSO) has been
used as a therapeutic option in hormone receptor (HR)–positive premenopausal women, this method has largely been
replaced with suppression of ovarian function via gonadotropin-releasing hormone agonist (GnRHa). Combination
therapy using the aromatase inhibitors (AI) and GnRHa is
an increasingly common strategy in current clinical practice
[1]. However, only a few published studies have directly
compared the effectiveness of primary BSO and GnRHa therapy or their efficacy when combined with AIs in premenopausal patients. Taylor et al. [2] reported that both event-free
survival and overall survival (OS) were similar for goserelin
and ovariectomy. However, their study was found to be
underpowered due to poor accrual (a power of 0.22 to rule
out a 50% improvement by one treatment). Additionally, no
comparative studies of premenopausal patients have compared the efficacy of BSO treatment with that of GnRHa.
However, several studies have evaluated the efficacy of
AI/goserelin combination therapy in premenopausal metastatic breast cancer patients with clinical benefit rates (CBR)
ranging from 65.9% to 75% and median progression-free survival (PFS) ranging from 7.3 to 13 months [3-8].
There are definite concerns associated with GnRHa and
incomplete ovarian suppression. Furthermore, the addition
of AIs may lead to an increase in estrogen synthesis and
therefore have a negative impact on treatment outcomes. A
study investigating the effects of the adjuvant leuprorelin in
premenopausal patients revealed a hormonal escape rate of
7%, with the cutoff estradiol (E2) value being 30 pg/mL [9].
Another recent analysis of patients who had received adjuvant triptorelin and exemestane/tamoxifen revealed that
one-third of patients had an E2 level higher than 2.72 pg/mL
[10]. This is a strict threshold which indicates that E2 levels
in these patients were inconsistent with postmenopausal levels in AI-treated patients, suggesting that ovarian function
recovery is still present in GnRHa-treated patients. Accordingly, ensuring complete ovarian suppression is a vital issue
and increased efforts should be made to determine the most
efficacious method of ovarian suppression. In this study, we
aimed to assess the efficacy of AIs in premenopausal metastatic/recurrent breast cancer patients who were subjected
to two different ovarian function suppression (OFS) modalities: GnRHa and BSO.

1. Study population
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We retrospectively analyzed a database of consecutive
recurrent/metastatic breast cancer patients who were treated
with AIs and either GnRHa or BSO between January 2002
and December 2015 at Seoul National University Hospital
(SNUH) and Seoul National University Bundang Hospital
(SNUBH). The inclusion criteria was as follows: (1) pathologically confirmed breast cancer; (2) positive estrogen receptor
(ER) and/or progesterone receptor (PR) expression; (3) premenopausal state; (4) initial stage IV or recurrence after curative surgery; (5) use of oral letrozole (2.5 mg/day) or oral
anastrozole (1 mg/day) as palliative endocrine therapy; and
(6) OFS with BSO or GnRHa injected subcutaneously every
4 weeks. Patients without evaluable disease were excluded.
Premenopausal status was defined by regular menstruation
periods or serum estradiol (E2) levels and/or follicle-stimulating hormone (FSH) levels within the premenopausal
range. E2 and FSH levels were determined via chemiluminescent microparticle immunoassay, which was conducted
using the ARCHITECT i2000 Immunoassay Analyzer
(Abbott Diagnostics, Abbott Park, IL). The measurement
range was 10 to 5,000 pg/mL for E2 and 0 to 750 mIU/mL
for FSH. Premenopausal levels were defined (based on the
assay reference ranges) as an FSH value less than 26.72
mIU/mL and an E2 value greater than 21 pg/mL. For
patients who underwent BSO, premenopausal status before
BSO was used as a surrogate.
Immunohistochemical staining for ER and PR expression
was categorized as positive when  1% of the tumor cells
were stained according to the 2010 American Society of Clinical Oncology (ASCO)/College of American Pathologists
(CAP) guidelines [11]. Human epidermal growth factor
receptor 2 (HER2) status was assessed by either immunohistochemical analysis or gene amplification levels, which were
obtained using fluorescence in situ hybridization. Immunohistochemical expression of HER2 was assessed based on the
2013 ASCO/CAP guidelines [12]. We excluded patients with
HER2-positive tumors. Intrinsic subtypes were adopted from
the 2011 St. Gallen Consensus Panel [13], with luminal A subtype characterized by its hormone receptor–positive phenotype (HR[+]), HER2(–) and low Ki-67 (< 14%) and luminal B
subtype defined by HR(+), HER2(–), and a high Ki-67
( 14%).
Clinical data were retrieved from patient medical records.
The Institutional Review Boards at SNUH and SNUBH
approved this study (B-1603/338-108), and it was conducted
in accordance with the Declaration of Helsinki.
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Table 1. Patient characteristics
Variable
Age at AI treatment (yr)
Pathology
IDC
Others
Intrinsic subtype by IHC
Luminal A
Luminal B, HER2 negative
Unknown
Disease status at AI treatment
MBC at primary diagnosis
Recurred
Curative operation
Neoadjuvant/Adjuvant chemotherapy
Radiation therapy
Adjuvant hormone therapy
Tamoxifen
Tamoxifen+GnRHa
AIa)
RFI (mo)
Previous palliative chemotherapy
No
Yes
Previous palliative endocrine therapy
No
Yes
Tamoxifen
Tamoxifen+GnRHa
GnRHa
AIa)
Aromatase inhibitor
Letrozole
Anastrozole
Extent of disease at AI treatment
Bone and soft tissue only
Visceral metastasis
Line of AI as palliative treatment
1st line
2nd line
 3rd line

No.
(n=66)

OFS modality

p-value

BSO (n=24)

GnRHa (n=42)

47 (36-53)

43 (29-56)

0.019

61
5

22 (92)
2 (8)

39 (93)
3 (7)

0.860

30
24
12

13 (54)
8 (33)
3 (13)

17 (41)
16 (38)
9 (21)

0.498

26
40
40
38
26
37
28
8
1

8 (33)
16 (67)
16 (67)
14 (58)
11 (69)
15 (63)
12 (50)
3 (13)
0(
42.5 (16.8-102.0)

18 (43)
24 (57)
24 (57)
24 (57)
15 (63)
22 (52)
16 (38)
5 (12)
1 (2)
45.0 (10.5-110.7)

0.446
0.446
0.400
0.692
0.714

0.986

35
31

16 (67)
8 (33)

19 (45)
23 (55)

0.093

34
32
12
15
3
2

12 (50)
12 (50)
3 (13)
5 (21)
3 (13)
1 (4)

22 (52)
20 (48)
9 (21)
10 (24)
0(
1 (2)

0.852

61
5

24 (100)
0(

37 (88)
5 (12)

0.150

27
39

10 (42)
14 (58)

17 (41)
25 (59)

0.925

20
26
20

9 (38)
11 (46)
4 (17)

11 (26)
15 (36)
16 (38)

0.187

Values are presented as median (range) or number (%). OFS, ovarian function suppression; BSO, bilateral salpingoophorectomy; GnRHa, gonadotropin-releasing hormone agonist; AI, aromatase inhibitor; IDC, infiltrating ductal carcinoma; IHC,
immunohistochemistry; HER2, human epidermal growth factor receptor 2; MBC, metastatic breast cancer; RFI, relapse-free
interval. a)AI due to chemotherapy-induced amenorrhea.
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2. Treatment and patient evaluation
Chest computed tomography scans (with or without the
abdominopelvis) were performed every 8 to 12 weeks as a
routine clinical procedure, and additionally when needed, to
confirm patient response and assess disease progression. All
responses were defined according to the revised Response
Evaluation Criteria in Solid Tumors ver. 1.1. PFS was defined
as the interval from the first day of AI treatment to either the
date of disease progression or death. The objective tumor
response rate (ORR) was defined as the total proportion of
patients who achieved complete response (CR) or partial
response (PR). CBR was defined as the percentage of patients
with CR, PR, or stable disease (SD) after 6 months.
3. Statistical analysis
The chi-square test was used to evaluate associations
between clinicopathological attributes based on OFS modality. PFS was calculated using the Kaplan-Meier method and
the values were compared using the log-rank test. Univariate
Cox proportional hazard regression (PHR) analyses were
performed to evaluate the predictive value of each variable,
and those found to be significant upon univariable analysis
were introduced into the multivariable Cox PHR model for
disease-free survival (DFS). Because of the retrospective
nature of this study, we conducted propensity score matching to evaluate the efficacy of BSO and GnRHa. The propensity for each patient to undergo BSO or receive GnRHa was
scored using multivariable logistic regression based on three
variables that affected the PFS. All tests were two-sided, and
a p-value of less than 0.05 was used to indicate statistical significance. All analyses were performed using SPSS ver. 21
(IBM Corp., Armonk, NY) and GraphPad Prism 5 (GraphPad Software Inc., La Jolla, CA) based on data collected
through July 2016.

median time between BSO and initiation of AI was 0.5 months
(range, 0 to 48.9 months). Only four patients underwent BSO
longer than 6 months before AI treatment (7.5, 12.5, 29.8, and
48.9 months, respectively). Most patients had invasive ductal
carcinomas (n=61), although two patients had invasive lobular
carcinomas and three had unclassified metastatic carcinomas.
The intrinsic subtype, which was identified by immunohistochemistry (IHC), could be determined for 54 patients, with 30
(45%) having luminal a subtype and 24 luminal B subtype
(36%). Twenty-eight patients received tamoxifen and eight
patients received tamoxifen plus GnRHa as adjuvant endocrine treatment. The median relapse-free interval was similar
in the BSO group and the GnRHa group (42.5 months in the
BSO group vs. 45.0 months in the GnRHa group, p=0.986).
A total of 31 patients (47%) received prior palliative chemotherapy, while 32 (48%) received prior palliative endocrine
therapy.
2. Treatment outcomes and subgroup analyses
In the BSO group, six patients achieved PR (25%) and 16
reached SD (67%), with 15 (63%) having SD for a period longer
than 6 months. In the GnRHa group, one patient achieved CR
(2%), six reached PR (14%), and 29 patients experienced SD
(69%), with 22 (50%) having SD for longer than 6 months. The
ORR was similar between groups (25% for BSO vs. 16% for
GnRHa, p=0.413), while the CBR was higher in the BSO group
than in the GnRHa group (88% vs. 69%, p=0.092). Median PFS
was shorter in the GnRHa group (median, 17.2 months vs. 13.3

100

BSO
GnRHa

80

Results
1. Patient characteristics
The database identified 66 premenopausal patients with
HR-positive recurrent or metastatic breast cancer who had
been treated by AI and GnRHa or BSO combination therapy.
The clinical characteristics of the 66 patients are shown in
Table 1. The median follow-up period was 23.2 months (range,
2.9 to 84.0 months) and the median patient age at the time of
treatment was 44 years. A total of 24 patients (36%) received
BSO, while 42 (64%) received GnRHa. In BSO group, the
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PFS (%)

p=0.245
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40
20
0

0

20

Time (mo)

40

60

Fig. 1. Kaplan-Meier plots of progression-free survival
(PFS) based on ovarian function suppression modality.
BSO, bilateral salpingo-oophorectomy; GnRHa, gonadotropin-releasing hormone agonists.
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Table 2. Univariate and multivariate analysis on PFS
Variable
Age at AI (yr)
20-39
40-49
 50
OFS modality
BSO
GnRHa
Pathology
IDC
Others
Intrinsic subtype
Luminal A
Luminal B
Disease status
MBC at primary Dx
Recurred
Extent of disease
Bone/Soft tissue
Visceral
AI
Letrozole
Anastrozole
Line of AI
1st line
2nd line
 3rd line

Univariate

Multivariate

HR (95% CI)

p-value

HR (95% CI)

p-value

1(
0.95 (0.50-1.77)
1.05 (0.42-2.62)

0.859
0.918

-

-

1(
1.41 (0.79-2.55)

0.249

-

-

1(
0.64 (0.22-1.80)

0.394

-

-

1(
1.59 (1.02-2.49)

0.041

1(
1.67 (1.08-2.60)

0.022

1(
0.82 (0.47-1.42)

0.468

-

-

1(
1.48 (0.85-2.58)

0.168

-

-

1(
2.39 (0.83-6.88)

0.107

-

-

1(
1.51 (0.77-2.98)
3.01 (1.48-6.13)

0.232
0.002

1(
1.73 (0.87-3.44)
3.24 (1.59-6.59)

0.120
0.001

PFS, progression-free survival; HR, hazard ratio; CI, confidence interval; AI, aromatase inhibitor; OFS, ovarian function suppression; BSO, bilateral salpingoophorectomy; GnRHa, gonadotropin-releasing hormone agonist; IDC, infiltrating ductal carcinoma; MBC, metastatic breast cancer; Dx, diagnosis.

months), although this difference was not statistically significant (p=0.245).
At the time of analysis, 39 patients in the GnRHa group
experienced disease progression. Sixteen of these patients
received cytotoxic chemotherapy, two were enrolled in clinical
trials, and six had either died or were loss to follow-up. The
remaining 16 patients underwent hormone therapy. Among
them, eight patients (50%) underwent BSO and received letrozole (n=2; one patient experienced disease progression after
3.5 months of treatment, the other is still on treatment for 3
months), fulvestrant (n=2; one patient experienced disease
progression after 12 months of treatment, the other is still on
treatment for 8 months), and exemestane plus everolimus
(n=4; patients experienced disease progression at 1.5, 10, 13,
and 13 months, respectively). Additionally, three patients
received GnRHa alone or in combination with fulvestrant or

tamoxifen; however, all patients experienced disease progression within 2 months of treatment. Five patients became postmenopausal after receiving cytotoxic chemotherapy and then
received endocrine treatment again (anastrozole [n=1], disease
progressed after 4 months of treatment; exemestane [n=3], disease progressed after 2, 4, and 5 months, respectively; fulvestrant [n=1], disease progressed after 1.5 months of treatment).
3. Subgroup analysis based on extent of disease and line of
treatment
In the 39 patients who were diagnosed with visceral metastasis, the median PFS was longer in the BSO group than in the
GnRHa group, although this was not statistically significant
(17.2 months vs. 12.9 months, p=0.261) (Fig. 1). Additionally,
CBR was higher in the BSO group than in the GnRHa group
VOLUME 49 NUMBER 4 October 2017
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100

group and 77% in the GnRHa group (p=0.382).
In the 20 patients who received AI plus OFS as the first-line
treatment, the median PFS was 22.4 months in the BSO group
(n=9) and 14.3 months in the GnRHa group (p=0.741). In
patients who received second-line AI treatment (n=26) the
median PFS was 12.9 months in the BSO group (n=11) and 8.6
months in the GnRHa group (n=15) (p=0.288). For patients
who received AIs as a third-line, or above, treatment (BSO,
n=4; GnRHa, n=16), the median PFS was shorter in the BSO
group than the GnRHa group (2.5 months vs. 8.2 months,
p=0.047).

BSO
GnRHa

80

PFS (%)

p=0.137

60
40
20
0

0

20

Time (mo)

40

4. Univariate and multivariate analyses

60

Fig. 2. Kaplan-Meier plots of progression-free survival
(PFS) with propensity score matching according to ovarian
function suppression modality. BSO, bilateral salpingooophorectomy; GnRHa, gonadotropin-releasing hormone
agonists.

(85.7% vs. 64.0%, p=0.148). In patients with only bone and soft
tissue diseases (n=27), the median PFS was similar between
groups (12.9 months for BSO group vs. 14.3 months for
GnRHa group, p=0.919), while the CBR was 90% in the BSO

A

E2

(pg/mL)
400

We conducted univariate and multivariate analyses to identify the predictive and prognostic importance of clinical characteristics. We also used these analyses to identify the OFS
modality in premenopausal AI-treated breast cancer patients.
Univariate Cox PHR analyses for PFS revealed no significant
differences with respect to age, type of AI, pathological subtype, disease status, or the extent of disease at the time of AI
treatment. However, PFS was shorter in luminal B subtype
tumors (p=0.041), and in patients who received later-line AI
treatments (p=0.002) (Table 2).
Variables that were found to be significantly predictive in
the univariate analyses were introduced into a multivariate
Cox PHR model. Multivariate analyses revealed that luminal
B subtype (hazard ratio [HR], 1.67; 95% confidence interval

B

FSH

(mIU/mL)
*

100
300

*

200

○

50

100
21
0

◉
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◉
◆
◈

Baseline

At progression

◉

*

0

◆
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○

Baseline

▣
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At progression

Fig. 3. The line charts show the individual changes in estradiol (E2) (A) and follicle-stimulating hormone (FSH) (B) between
baseline and at progression in patients treated with aromatase inhibitors and gonadotropin-releasing hormone agonist. The
value of same individuals on each graphs are marked with same symbols. Only patients with increased E2 levels compared
to baseline are marked.
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[CI], 1.08 to 2.60; p=0.022) and later-line AI treatment ( third
line vs. first line; HR, 3.24; 95% CI, 1.59 to 6.59; p=0.001) were
significant independent predictive factors for shorter PFS
(Table 2).
5. Propensity score matching
We used propensity score matching to compare the effects
of BSO and GnRHa. To minimize the bias caused by nonrandom allocation of BSO and GnRHa, we developed a matching
scheme that included variables shown to be associated with
PFS in our analyses. We included the following domains:
intrinsic subtype, the extent of disease at the time of AI treatment, and line of treatment. We then used propensity score
matching to match the 18 patients (75% of the relevant group)
who received BSO to the 18 patients (43% of the relevant
group) who received GnRHa. With the exception of age, there
were no significant differences in clinicopathological variables
between groups (S1 Table). The median PFS was 17.2 months
for the BSO group and 8.2 months for the GnRHa group
(p=0.137) (Fig. 2). PFS did not differ significantly due to age
(median PFS, 8.7 months for patients in their 20s and 30s vs.
12.9 months for patients in their 40s vs. 9.8 months for those
in their 50s; p=0.840). The ORR was 22.2% for the BSO group
and 27.8% for the GnRHa group (p=1.000), while the CBR was
83.3% for the BSO group and 66.7% for the GnRHa group
(p=0.443).
6. Hormone study
Of the 42 patients who were treated with AI and GnRHa, 36
(86%) had at least one sample drawn for FSH and E2 measurement. S2 Table shows the serial E2 and FSH levels for these
patients.
At the time of analysis, 39 patients in the GnRHa group
experienced disease progression. Among these, 19 patients
(49%) were assessed for FSH and E2 levels at the time of disease progression. The results revealed that 16 of these patients
had baseline FSH and E2 levels, while 10 had postmenopausal
E2 levels (range, < 10 to 17 pg/mL), and an increase in serum
E2 levels (into the premenopausal range) was observed in the
remaining nine patients (range, 25 to 209 pg/mL). Fig. 3 shows
the changes in FSH and E2 levels between baseline and at disease progression in patients treated with GnRHa plus AI.
Three patients underwent combined AI/GnRHa treatment
at the time of analysis. Of these patients, two showed postmenopausal E2 levels, and one patient, whose treatment lasted
for 7.4 months, showed an elevated E2 level at 3 months (87
pg/mL at baseline to 105 pg/mL at 3 months).

Discussion
We found that both BSO and GnRHa function as active
treatments in AI-treated HR(+) premenopausal advanced
breast cancer patients. Both also had a statistically similar
PFS in such patients. However, BSO had a numerically
higher CBR (88% vs. 69%, p=0.092) and longer PFS (17.2
months vs. 13.3 months, p=0.245), even after propensity score
matching (median PFS, 17.2 months vs. 8.2 months; p=0.137).
Assay of 19 of the 39 patients who showed disease progression in the GnRHa group for FSH and E2 expression at the
time of disease progression revealed that approximately half
of the tested GnRHa-treated patients (n=9) showed evidence
of incomplete ovarian suppression, with E2 expression similar to premenopausal levels.
Since the 1990s, BSO has been largely replaced by GnRHa
in premenopausal HR(+) breast cancer patients. Early studies
indicated that medical castration with GnRHa was well-tolerated, and that the ORR for such a treatment ranged
between 36.4% and 45.9% in premenopausal and perimenopausal metastatic breast cancer patients [14,15]. This was followed by studies that directly compared oophorectomy to
GnRHa. A randomized clinical trial using a 22 design compared surgical or radiation ovarian ablation and goserelin in
one dimension and the usage of tamoxifen in the other. The
results of this study revealed no significant differences in
response rates after the 22 grouping. However, patients
who were treated solely with goserelin (n=22) had an ORR
of 27.2% (standard error [SE], 18.6%), while those who
received oophorectomies (or ovarian ablation) (n=15) had an
ORR of 46.6% (SE, 25.3%) [16]. Taylor et al. [2] reported that
both event-free survival and OS were similar for goserelin
treatment (n=69) and oophorectomy (n=67). However, their
study was underpowered due to poor accrual (a power of
0.22 to rule out a 50% improvement by one treatment) [2].
Because of its comparable efficacy, lack of operative morbidity, and avoidance of psychological trauma, GnRHa has
mostly replaced BSO, and has even been adopted as the standard method of OFS in AI or fulvestrant-treated premenopausal patients. Despite this, no studies conducted to date
have directly compared the efficacy of BSO and GnRHa
when used in combination with AIs. Nevertheless, studies
have gauged the effectiveness of AI and GnRHa combination
treatment. For example, Carlson et al. [4] conducted a phase
2 trial of anastrozole and goserelin in 35 premenopausal
women, with a CBR of 71.9% and a median time to progression of 8.3 months (range, 2.1 to 63 months). The JMTO BC0801 study, which was a phase 2 trial that evaluated goserelin
and anastrozole in 37 premenopausal women, found similar
results, with a CBR of 62.2% and a median PFS of 7.3 months
[7]. A parallel group study showed similar clinical outcomes
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between premenopausal patients who recei-ved letrozole
plus goserelin and postmenopausal patients who received
letrozole [5]. The efficacy of exemestane and GnRHa combination therapy has also been assessed (n=44) and found to
have an ORR of 38.6%, a CBR of 65.9%, and a median PFS of
13 months [8]. All of these studies concluded that AIs, when
combined with GnRHa, are highly active and viable for
inclusion in the standard sequence of endocrine therapies for
premenopausal HR(+) metastatic breast cancer patients.
Since AIs are contraindicated in premenopausal patients
because of the possible reactivation of ovarian functions, the
capacity of GnRHa to induce OFS has become a far more
important issue. Recent trials combining adjuvant AIs with
GnRHa in premenopausal patients have attempted to look
into this matter. Both the Suppression of Ovarian Function
Trial (SOFT) and the combined analysis of the SOFT and the
Tamoxifen and Exemestane Trial (TEXT) reported that, when
compared to a combination of tamoxifen and OFS, combined
exemestane plus OFS therapy showed higher 5-year DFS
rates. However, this did not translate into an increase in OS
in the exemestane/OFS group [17,18]. The Austrian Breast
and Colorectal Cancer Study Group 12 (ABCSG-12) trial
reported no significant differences in DFS rates between
anastrozole/goserelin and tamoxifen/goserelin groups. Furthermore, a lower OS was observed in the anastrozole/goserelin group (HR, 1.63; 95% CI, 1.05 to 1.45; p=0.03) [19]. A
possible explanation for this could be that AI/GnRHa treatment results in incomplete suppression of ovarian function
[20]. The SOFT-EST Substudy demonstrated that one-third
of patients who received adjuvant triptorelin and exemestane
or tamoxifen had E2 levels higher than 2.72 pg/mL, which
is a strict threshold that indicates E2 levels inconsistent with
postmenopausal AI-treated patients [10]. Similarly, Schmid
et al. [9] reported an approximate hormonal escape rate of
7% with a cutoff E2 value of 30 pg/mL in premenopausal
women (n=209) who received adjuvant leuprorelin. In our
study, although less than half of GnRHa-treated patients had
samples drawn for a hormone study, nine out of 19 tested
patients with progressive disease had E2 levels higher than
21 pg/mL (our defined premenopausal range). Collectively,
these data seem to suggest that it is possible that GnRHa
treatment results in incomplete ovarian suppression, which
may translate into poorer outcomes when used in AI-treated
premenopausal women.
There are multiple endocrine treatment options for postmenopausal advanced breast cancer patients, such as fulvestrant [21], everolimus combined with exemestane [22], and
palbociclib combined with letrozole/fulvestrant [23,24].
Ovarian suppression is mandatory for premenopausal
patients to take advantage of these multiple treatment
options. For recurrent/metastatic HR(+) breast cancer
patients, it is likely that lifelong ovarian suppression is
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needed until natural menopause is reached. The potential
reversibility of ovarian function is less likely to be important
for these patients. Because of advances in laparoscopic surgery, BSO can be performed via a minimally invasive
approach with a relatively low complication rate (0%-6.1%)
[25,26]. Therefore, permanent ovarian suppression via BSO
might be advisable for patients who wish to avoid monthly
GnRHa injections. In a recent survey of premenopausal
metastatic breast cancer patients who received pharmacological ovarian suppression, seven of 13 patients stated that they
would have chosen oophorectomy had it been initially
offered. Inconvenience due to monthly goserelin was the
main factor driving BSO preference [27]. Keeping this in
mind, patients and physicians should rationally discuss and
choose between a permanent surgical procedure and a
reversible drug treatment.
Information describing cost-effectiveness and qualityof-life (QoL) may allow physicians and patients to make
more informed decisions regarding therapeutic approaches.
However, there is limited data directly comparing the toxicity and QoL factors associated with surgical and medical
ovarian suppression in premenopausal patients. Boccardo et
al. [16] reported a higher rate of side effects in patients
treated with goserelin than in those treated with oophorectomy. Park et al. [5] reported that premenopausal women
treated with AI/goserelin combination therapy showed
more adverse events than AI-treated postmenopausal
patients; specifically, hot flashes (92.9% vs. 52.6%, p=0.01),
vaginal spotting (28.6% vs. 2.6%, p=0.002), weight gain
(17.1% vs. 2.6%, p=0.05), headaches (45.7% vs. 23.7%, p=0.05),
anorexia (31.4% vs. 13.2%, p=0.09), and vaginal dryness
(34.3% vs. 13.2%, p=0.05) were all more frequently observed
in premenopausal patients than in postmenopausal patients.
Moreover, one study demonstrated that oophorectomy was
a cost effective method of ovarian suppression, with an
incremental cost-effectiveness ratio of $7,849. After 2 years
of goserelin use, one-time laparoscopic surgery becomes a
more cost-effective method of treatment, with the mean cost
of annual goserelin therapy (in US dollars) being $2,536 versus $3,966 for a one-time laparoscopic ovarian ablation [28].
Further studies comparing the efficacy and safety of BSO and
GnRHa in larger populations, along with QoL assessments
and cost analyses, will help improve overall tumor management in premenopausal breast cancer patients.
Another important finding of our study is that later-line
AI treatment and luminal B subtype were independent predictive factors for short PFS in premenopausal patients
treated with AI. Since there are biological differences
between the luminal A and B subtypes, a possibility of differences in their response to AI has been suggested. However, there is little data available regarding the relevance of
biomarkers or breast cancer subtype to response to AIs. In a
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neoadjuvant study of AI in postmenopausal patients, there
were no significant differences in AI response rates between
luminal A and B subtypes [29]. In contrast, another study of
ER-positive advanced breast cancer patients reported that
higher Ki-67 levels were significantly associated with
decreased time to AI treatment failure [30]. Our study is in
line with the latter one in that luminal B subtype, which is
distinguished from luminal A by having high Ki-67 index
( 14), was found to be a negative predictive marker of
response to AI treatment. Later-line treatment and a high
Ki-67 index and/or luminal B subtype assessed by IHC
might be useful in predicting AI response.
It should be noted that our study had several limitations.
First, our study only involved a small number of patients
from two Korean institutions. Therefore, it does not provide
a global, accurate, or complete perspective of the treatment
outcomes of AI-treated premenopausal patients. Second, our
data is limited due to the heterogeneous time points used to
determine patient hormone levels. Third, patients were
treated with AIs at heterogeneous time points, which
resulted in a higher proportion of patients in the GnRHa
group having later-line treatments ( 3rd line). However, this
heterogeneity was adjusted for the propensity score matched
cohort, and the difference in median PFS was even more
accentuated, favoring BSO over GnRHa. Finally, toxicity and
QoL assessment could not be conducted owing to the retrospective design of this study.
In conclusion, we demonstrated that both BSO and GnRHa
were found to be effective in premenopausal HR(+)
AI-treated advanced breast cancer patients. However, BSO
patients had a higher CBR and a longer PFS. Evidence of
incomplete ovarian suppression was also observed in a subset of patients treated with GnRHa. These results may be useful when selecting the OFS modality for premenopausal
advanced breast cancer patients. However, further studies in

a larger population are needed to determine if BSO is truly
superior to GnRHa.
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Purpose
This study was conducted to explore the process and operation of a cancer multidisciplinary
team (MDT) after the reimbursement decision in Korea, and to identify ways to overcome
the major barriers to effective and sustainable MDTs.
Materials and Methods
Approximately 1,000 cancer specialists, including medical oncologists, surgical oncologists,
radiation oncologists, pathologists, and radiologists in general hospitals in Korea were invited
to complete the survey. The questionnaire covered the following topics: organizational structure of MDTs, candidates for consulting, the clinical decision-making initiative, and responsibility for dealing with legal disputes.
Results
We collected a total of 179 responses (18%) from physicians at institutions where an MDT
approach was active. A surgical oncologist (91%), internist (90%), radiologist (89%), radiation
oncologist (86%), pathologist (71%), and trainees (20%) regularly participated in MDT
operations. Approximately 55% of respondents stated that MDTs met regularly. In cases of
a split opinion, the physician in charge (69%) or chairperson (17%) made the final decision,
and most (86%) stated they followed the final decision. About 15% and 32% of respondents
were “very satisfied” and “satisfied,” respectively, with the current MDT’s operations. Among
38 institutional representatives, 34% responded that the MDT operation became more
active and 18% stated an MDT was newly implemented after the reimbursement decision.
Conclusion
The reimbursement decision invigorated MDT operations in almost half of eligible hospitals.
Dissatisfaction regarding current MDTs was over 50%, and the high discordance rates
regarding risk sharing suggest that it is necessary to revise the current system of MDTs.

Introduction
To manage patients with advanced cancer in the most
effective way, experts from different disciplines need to be
engaged [1]. This need has resulted in introduction of the
multidisciplinary team (MDT) approach, in which key professionals discuss a particular patient and contribute independently to clinical decisions [2]. Communication, coordination, and decision making between healthcare profes-
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sionals and patients have improved with the implementation
of the MDT approach [3].
Because of these advantages, current clinical guidelines
recommend discussing the diagnostic and/or therapeutic
plan with an MDT for localized or locally advanced nonsmall cell lung cancer [4], synchronous metastatic/first
recurrent metachronous metastatic colon cancer [5], locoregional stomach cancer [6], and most types of head and neck
cancer [7]. Although the concepts of the MDT approach are
considered good clinical practice in oncology, MDT organi-
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zation and implementation take a substantial amount of time
and additional efforts by the team’s relevant healthcare professionals. In addition, there are practical barriers to active
and sustainable implementation of an MDT [3].
To improve patient-centered cancer care by invigorating
the MDT approach and to enhance the benefits coverage in
recompense for abrogation of the physician surcharge, the
Korean Health Authority decided to reimburse the costs of
the “Multidisciplinary Care Service” on August 1, 2014. The
Korean model of the MDT is provided for patients in superior general hospitals or the Korea cancer center hospitals
who have a clinically suspicious or pathologically confirmed
malignancy. The MDT includes four or more-expert services
and is offered in the outpatient clinic as a face-to-face service
between patient and physicians. The hospital can charge
113,210 won (102 US dollars) for the 4-expert service or
141,510 Korean won (128 US dollars) for the 5- or moreexpert service up to three times per primary tumor.
This study was conducted to explore the process and
operation of cancer MDTs after the reimbursement decision
was made in Korea, and to identify ways to overcome the
major barriers to effective and sustainable MDTs.

Materials and Methods

the initial distribution were sent to non-responders 8 weeks
and again 12 weeks later. Responses were automatically collected by the online server.
3. Statistical analysis
“Respondent” refers to an attending physician who is the
institutional representative that completed the questionnaire.
Fisher exact test with a significance level of < 0.05 was used
to compare differences in binary variables. All statistical
analyses were performed using the Stata ver. 13.0 software
(Stata Corp LP, College Station, TX).

Results
1. Responses
Included in the study were 179 responses from physicians
at institutions where an MDT approach was active (Table 1).
Of these 179 respondents, 70 (39%) were internists (58 medical oncologists, 12 pulmonologists), 23 (13%) surgeons, 22
(12%) radiation oncologists, 41 (23%) radiologists, and 23
(13%) pathologists. A total of 38 institutional representatives
responded to a follow-up questionnaire.

1. Development of the survey

2. Structure and functioning of MDTs

Survey Monkey (https://ko.surveymonkey.com) was used
to create a web-based online survey. The survey consisted of
25 questions about the structure, extent, and functioning of
MDTs in Korea. A follow-up questionnaire consisted of four
items concerning changes in practice after the reimbursement
decision went into effect.

The MDT meetings were regularly attended by surgical
oncologist (91%), an internist including a medical oncologist
and pulmonologists (90%), radiologist (89%), radiation
oncologist (86%), pathologist (71%), and trainees including
residents or fellows (20%) (Table 2). A total of 86% of the
MDTs had a designated (56%) or rotated (30%) chairperson.
Overall, 55% of the respondents stated that their MDTs met
regularly, 30% every week, 19% more than once a week, 4%
every 2 weeks, and 1% every month.
A total of 60% of MDTs discussed cancer patients in all
stages, and the majority (98%) of MDTs meetings were held
to determine the therapeutic plan after the pathological
diagnosis.

2. Participants
To complete the survey, we invited approximately 1,000
members of the Korean Association for Clinical Oncology,
Korean Society of Surgical Oncology, Korean Society for
Radiation Oncology, Korean Society of Pathologists, and
Korean Society of Radiology including medical oncologists,
surgical oncologists, radiation oncologists, pathologists, and
radiologists, as well as trainees, nurses, and clinical research
coordinators. The follow-up survey was only sent to representative medical oncologists in each hospital as part of the
Survey of Medical Oncology Status in Korea (SOMOS-K) [8].
From October 2014 to January 2015, e-mail invitations
including a link to the survey were sent to participants after
approval from the relevant society. Repeated invitations after

3. Clinical decision making
In case of a split opinion, the physician in charge (69%) or
chairperson (17%) made the final decision and there was a
majority vote (15%) (Table 3). About 90% of respondents
indicated that it was not mandatory for the treating physicians to implement the final recommendation of the MDTs;
however, most (86%) indicated that they did follow the recVOLUME 49 NUMBER 4 October 2017
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Table 1. Characteristics of the 179 respondents with an
MDT at their center

Table 2. Structure of the MDT for cancer care in Korea

Characteristic

Participants
Internal Medicine
Radiology
General Surgery
Radiation Oncology
Pathology
Trainees (residents or fellows)
Chairperson
No
Yes
Designated
Rotating
Schedule
Irregular meeting (in case)
Regular meeting
More than one meeting a week
Every week
Every 2 weeks
Every month
Stage in discussion
All stages
Localized stage
Recurrent or metastatic stage
Reasons for an MDT
To diagnose cancer
To decide therapeutic plan after diagnosis
To decide palliative care plan after recurrence

Age group (yr)
30-40
40-50
> 50
Clinical career (yr)
<5
5-10
10-20
> 20
Department
Internal Medicine
Medical Oncology
Pulmonology
General Surgery
Radiation Oncology
Radiology
Pathology
Specialty (multiple)
Stomach
Colon
Lung
Breast
Hepato-biliary
Genitourinary
Head and neck
Rare malignancy

No. (%)
49 (27)
78 (44)
52 (29)
24 (13)
49 (27)
60 (34)
46 (26)
70 (39)
58 (32)
12 (7)
23 (13)
22 (12)
41 (23)
23 (13)
59 (33)
60 (34)
78 (44)
51 (28)
56 (31)
40 (22)
49 (27)
36 (20)
179 (100)

MDT, multidisciplinary team.

Structure

Percentagea)
90
89
91
86
71
20
14
56
30
45
55
19
30
4
1
60
39
27
2
98
0

a)

We calculated the proportion of answers based on 70 multidisciplinary teams (MDTs) of 179 respondents.

ommendation. Regarding the hypothetical question of a lawsuit being brought by a patient who underwent treatment
according to the decision of the MDT, 37% of respondents
stated that the treating physicians are responsible, while 38%
replied that all members of the MDT should share the
responsibilities. In terms of the aforementioned risk-sharing
issues, experts from different disciplines had significantly
different opinions (p=0.039 between groups). Specifically,
internists, surgeons, and radiation oncologists were more
likely to share their responsibility, while radiologists and
pathologists were less likely to accept responsibility for the
decision.

Among 38 institutional representatives, 34% (13/38)
responded that MDT operations became more active and
18% (7/38) stated that an MDT was newly implemented after
the reimbursement decision.

4. Satisfaction

6. Barriers to improvements

About 15% and 32% of respondents were “very satisfied”
and “satisfied,” respectively, with how the current MDTs

More than half of respondents (56%) replied that the current costs of reimbursement should be raised (the current
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functioned. Regarding the degree of satisfaction among
experts from different disciplines, there was no significant
difference between experts (p=0.196). In particular, internists
and surgeons were more satisfied with MDTs than other doctors were (p=0.027) (Fig. 1).
5. Changes after the reimbursement decision

Yun-Gyoo Lee, Multidisciplinary Cancer Management in Korea

Table 3. Responses to various questions in the survey,
especially pertaining to clinical decision making

cost is 113,210 Korean won/102 US dollar for 4-expert services, and 141,510 won/128 US dollar for 5- or more-expert
services). About 42% insisted that multidisciplinary care
service should be expanded to include inpatient MDTs.
Moreover, 30% demanded that the option of face-to-face
meetings should be eliminated and the number of experts
who participate in MDTs should be regulated. Finally, 12%
of respondents noted that prerequisites regarding the institutions allowed to have an MDT should be relaxed from
superior general hospital to general hospitals.

Percentagea)

Question
Who makes the final decision/
recommendation in case there
is more than one opinion?
Physician in charge
Chairperson
Majority vote
Is it mandatory for the treating doctor
to implement the decision/
recommendation of the MDT?
Yes
No, but follow the decision/
recommendation
No, decide regardless of
the decision/recommendation
In case of a lawsuit brought on by
a patient who underwent treatment
according to the decision of the MDT,
who do you think is/are
legally responsible?
All members of the MDT
Treating doctor
Hospital
Chairperson
Others

69
17
15

8
86

Discussion

6

We found that the reimbursement decision made by government health authorities invigorated MDT operations in
almost half of eligible hospitals, suggesting that the reimbursement decision could affect our practice considerably.
Moreover, dissatisfaction of over 50% regarding current
MDTs and high discordance rates regarding risk sharing
were observed. Given the absence of specific guidance for
MDTs, the implementation and organizational structure
were variable across institutions.
The reimbursement to the “Multidisciplinary Care Service” has changed the practice patterns of healthcare professionals in Korea considerably. Approximately one third of
institutional representatives stated that the MDT operation
became more active and 18% responded that an MDT was
newly implemented. Despite these changes, a few important
issues concerning regulations remain. Specifically, 56% of
respondents stated that the cost of MDTs is not sufficient.

38
37
18
3
3

a)
We calculated the proportion of answers based on 70 multidisciplinary teams (MDTs) of 179 respondents.

Not satisfied

Internists

11

Indeterminate

34

Surgical oncologists

5

Pathologists

6

0

19

27

27

50

15

Radiologists

Very satisfied

36

45

Radiation oncologists

Satisfied

25

55

33

56

10

20

30

10
8

33

40

50

60

70

80

6

90

100 (%)

Fig. 1. Satisfaction with how the current multidisciplinary team functioned. p=0.196 between groups. p=0.027 between
internists/surgical oncologists versus radiation oncologists/radiologists/pathologists.
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Currently, the MDT operation costs 102 US dollars for
4-expert service, which is approximately 25 US dollars per
individual expert’s consultation. In cases in which participation in MDT requires considerable time and extra effort (in
our survey, more than half of respondents noted that), the
current cost of reimbursement should be raised. Additionally, 42% of respondents stated that a restriction to outpatient
consultation in MDT is not rational. According to the rule of
outpatient consultation, the hospital cannot charge a service
fee for inpatient MDT consultation. Our respondents were
concerned that restriction to outpatient consultation will
eventually discourage the experts’ willingness to participate
in MDT. Additionally, the current regulations do not accept
the non-face-to-face form of MDT, including discussions in
conference and tumor boards. Finally, 12% of respondents
expressed concern that the prerequisites regarding eligible
institutions (reimbursement for only 43 superior general hospitals or one Korean cancer center hospital) could limit the
chance to join MDTs by patients as well as healthcare professionals. These barriers expressed by healthcare providers
might limit the expansion of MDTs and cause perfunctory
meetings to be held only to collect payments. Therefore, standard guidelines and the establishment of a flexible MDT
model are necessary.
MDTs could improve clinical outcomes and patient satisfaction by shortening the time to diagnosis and therapeutic
intervention, improving adherence to guidelines, and greater
inclusion in clinical trials [9-11]. However, evidence for survival benefit and efficiency are not strong [3,12,13]. Therefore, future investigations regarding the effectiveness of
MDT operations in Korea are warranted. Additionally, participation in a discussion between experts from different disciplines will help improve physicians’ practical knowledge
beyond theoretical information. Our survey showed that
only 20% of MDT meetings invited residents or fellows.
Therefore, we actively recommend that our trainees partici-

pate in MDTs.
Some limitations must be noted. First, our study had a low
response rate. This was primarily because we did not send
our questionnaire to active members with current clinical
activities, but rather to all members of corresponding academic societies, which include faculties, trainees, nurses, and
clinical research coordinators. To overcome this limitation,
we sent a follow-up questionnaire concerning changes in
practice after reimbursement decision only to representative
medical oncologists in each hospital. Second, the retrospective nature of our survey is subject to recall bias of all respondents. Because there is a paucity of data regarding MDT
before the reimbursement decision, we directly asked our
respondents about the actual changes in clinical practice
between pre and post reimbursement, which might have
caused recall bias.
The start of the “Multidisciplinary Care Service” is an
important step in optimal cancer care in the Korean health
system. The unceasing efforts to establish the best model and
the proper rewards are necessary to expand MDTs across the
country. Moreover, investigation of the outcome after the
reimbursement decision is warranted to revise regulations
and influence the regulatory body.
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