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Autoimmune Diseases and Gastric Cancer Risk: 
A Systematic Review and Meta-Analysis

Review Article

Purpose

Autoimmunity is an alternative etiology of gastric inflammation, the initiating event in the

gastric carcinogenic cascade. This mechanism may be an increasingly important cause of

gastric cancer with the waning prevalence of its primary etiologic factor, chronic Helicobacter

pylori infection. 

Materials and Methods

PubMed and EMBASE were searched up to September 2018. Autoimmunity and 96 specific

manifestations were considered for associations with gastric cancer risk. Random effects

analysis was used to calculate pooled relative risk estimates (RR) and 95% confidence inter-

vals (CI). 

Results

We found a total of 52 observational studies representing 30 different autoimmune dis-

eases. Overall, the presence of an autoimmune condition was associated with a gastric

cancer pooled RR of 1.37 (95% CI, 1.24 to 1.52). Among the 24 autoimmune conditions

with two or more independent reports, nine were significantly associated with increased

gastric cancer risk: dermatomyositis (RR, 3.69; 95% CI, 1.74 to 7.79), pernicious anemia

(RR, 2.84; 95% CI, 2.30 to 3.50), Addison disease (RR, 2.11; 95% CI, 1.26 to 3.53), der-

matitis herpetiformis (RR, 1.74; 95% CI, 1.02 to 2.97; n=3), IgG4-related disease (RR, 1.69;

95% CI, 1.00 to 2.87), primary biliary cirrhosis (RR, 1.64; 95% CI, 1.13 to 2.37), diabetes

mellitus type 1 (RR, 1.41; 95% CI, 1.20 to 1.67), systemic lupus erythematosus (RR, 1.37;

95% CI, 1.01 to 1.84), and Graves disease (RR, 1.27; 95% CI, 1.06 to 1.52). 

Conclusion

Our analysis documents the wide range of autoimmune diseases associated with gastric

cancer. These associations may reflect unreported links between these conditions and 

autoimmune gastritis. Further studies are warranted to investigate potential causal mech-

anisms.
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Introduction

While still the third leading cause of cancer death and the
fifth most common cancer worldwide, gastric cancer inci-
dence and mortality have markedly declined over the past
few decades [1]. The downward trend has paralleled the 
decreasing prevalence of Helicobacter pylori infection [2], a

major risk factor for this malignancy. However, cancer reg-
istration data indicate unexpected increases among recent
generations in many parts of the world [3-5], implying etio-
logic factors other than H. pylori may be responsible [6]. 

Inflammation is a recognized antecedent of many types of
cancer. Autoimmune conditions are important causes of 
inflammation and appear to have increased in prevalence
over recent decades [7], particularly in industrialized popu-



lations. An association with gastric cancer has been firmly
established for the immune-mediated destruction of the gas-
tric parietal cells, autoimmune gastritis, and its most com-
mon clinical manifestation, pernicious anemia [8]. Other
autoimmune conditions have been variably linked with gas-
tric cancer risk, perhaps as a consequence of their frequent
co-occurrence with autoimmune gastritis or, alternatively,
through some systemic effect(s) that remains to be eluci-
dated. To better understand the role of autoimmunity in gas-
tric carcinogenesis, we undertook a systematic review and
meta-analysis of observational studies addressing associa-
tions of autoimmune diseases and gastric cancer risk.

Materials and Methods

1. Search strategy and inclusion criteria

PubMed (U.S. National Library of Medicine, Bethesda,
MD) and EMBASE (Elsevier B.V., Amsterdam, The Nether-
lands) search engines were used to identify published articles
on gastric cancer risk in patients with autoimmune diseases
by combining terms for (1) “stomach cancer” with synonyms,
(2) “autoimmune disease” with synonyms or 96 specific 
autoimmune diseases with synonyms, and (3) “risk” with
synonyms. The search strategy syntax was as follows: (1)
['stomach cancer'/exp OR 'cancer, stomach' OR 'gastric can-
cer' OR 'stomach cancer' OR 'gastric neoplasm'], AND (2)
['autoimmune disease'/exp OR 'auto immune disease' OR
'auto immunologic disease' OR 'auto-immune disorder' OR
'auto-immune disorders' OR 'autoaggression, immune' OR
'autoaggressive disease' OR 'autoantibody disease' OR 
'autoimmune disease' OR 'autoimmune diseases' OR 'auto-
immune disorder' OR 'autoimmune disorders' OR 'autoim-
mune disturbance' OR 'autoimmune pathology' OR 'auto-
immune disease' OR 'autoimmunologic disease' OR (96 
autoimmune diseases with their synonyms)], AND (3) ['risk'
/exp OR 'risk' OR 'risk hypothesis' OR 'cancer risk'/exp OR
'cancer risk' OR 'risk factor'/exp OR 'relative risk' OR 'risk
factor' OR 'risk factors']. The list of specific autoimmune dis-
eases was generated by combining the 92 terms listed as 
autoimmune diseases in the National Library of Medicine
controlled vocabulary thesaurus for indexing articles, Med-
ical Subject Headings (MeSH), and the EMBASE equivalent,
Emtree, with pernicious anemia, autoimmune gastritis, celiac
disease and primary biliary cirrhosis. The full list of autoim-
mune conditions and their syntax can be found in S1 and S2
Tables. 

Literature searches were conducted for database entries
through September 30, 2018, without restriction on language

or article type. Reference lists of retrieved articles were also
checked for additional papers that were not identified by our
database search strategy. Two investigators (G.L. and D.I.Z.)
independently reviewed the articles for relevance and avail-
ability of basic information, with any disagreement resolved
by a third reviewer (M.C.C.). After the initial scanning of 
titles and abstracts, full text of selected articles was obtained
for data extraction. Articles retained for the final analysis
were those with either case-counts or risk estimates reported
as standardized incidence ratio (SIR), standardized mortality
ratio, incident rate ratio, adjusted rate ratio, hazard ratio, rel-
ative risk (RR), or odds ratio. The following data were extrac-
ted as available: first author, year of publication, study design,
study period, sex, country of origin, regional group, type of
autoimmune disease, sample size, tumor subsite, risk esti-
mates and their corresponding 95% confidence intervals (CI),
and adjusted confounders (S3 Table). The methodological
quality of each selected publication was evaluated using the
Newcastle-Ottawa Scale for cohort and case-control studies,
summarized in S4 and S5 Tables, respectively [9]. We con-
sidered a study scoring ! 7 to be high quality. Sensitivity
analysis restricting to high quality studies was conducted
where applicable. We followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines for reporting [10].

2. Statistical analyses

Summary estimates preferentially included the associa-
tions for total populations in a study rather than a subgroup
(e.g., males and females combined rather than single sex, and
gastric cancer overall rather than separate anatomical sub-
sites). If there was no overall value presented, associations
for subgroups (e.g., males and females) were included as sep-
arate studies. Standardized ratios or adjusted rates were used
when available, but the association measures were derived
based on the study design when only observed and expected
case counts were provided. Summary risk estimates were
calculated if there were two or more studies published for a
given autoimmune condition. For selected diseases with
common features, we also estimated associations for the
combined group. We also evaluated associations with “ali-
mentary tract involving diseases,” following previous 
reports [11,12].

Random-effects regression models were used to meta-
analyze the summary risk estimates as RR with correspon-
ding 95% CIs [13]. Heterogeneity among studies was asses-
sed with Cochran’s Q test and Higgin’s I2 statistics [14].
Publication bias was evaluated by Begg’s funnel plots and
Egger’s tests [15]. Funnel plot asymmetry was examined
with the trim and fill method of Duval and Tweedie [16]. To
explore sources of heterogeneity, meta-regressions were con-
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ducted according to study design (case-control, retrospective
cohort, or prospective cohort), year of publication (< 2,000
vs. ! 2,000), geographic area (Asia, Europe, USA, or multi-
ple), sex (male, female or combined) and tumor subsite (car-
dia vs. noncardia). Statistical analyses were conducted using
STATA SE 15 software (StataCorp., College Station, TX). All
statistical tests were two-sided and p-values of < 0.05 were
considered statistically significant.

Results

A total of 1,134 articles were identified after removing the
duplicates through the database search (S6 Fig.). Of these,
964 articles were excluded as irrelevant on the basis of title
or abstract. The remaining 170 articles were reviewed for full-
text as well as their references, and finally 52 studies with
relevant and extractable information were included for meta-
analysis. The full list of included articles and the correspon-
ding data items are presented in S3 Table. There were 12
prospective cohort studies, 36 retrospective cohort studies
and four case-control studies. Most of the studies were con-
ducted in Western populations (30 European studies, six in
the United States and one multi-country effort). There were
15 studies from Asia. Forty-one of the 52 papers were jud-
ged high quality. A total of 45 different autoimmune condi-

tions were reported in these studies, amongst which 30 con-
ditions had two or more studies for pooling. However, six of
these 30 included studies with zero cases and insufficient 
information (such as expected cancers) for deriving risk esti-
mates. 

Table 1 lists associations of 24 autoimmune conditions with
gastric cancer risk. The strongest associations were observed
for dermatomyositis (RR, 3.69; 95% CI, 1.74 to 7.79), perni-
cious anemia (RR, 2.84; 95% CI, 2.30 to 3.50), and Addison
disease (RR, 2.11; 95% CI, 1.26 to 3.53). Other autoimmune
conditions that were statistically significantly associated with
gastric cancer risk were dermatitis herpetiformis, IgG4-
related disease, primary biliary cirrhosis, diabetes mellitus
type 1 (T1DM), and systematic lupus erythematosus (SLE).
Among disease groups, statistically significant increases
were observed for polymyositis/dermatomyositis combined
with RR 2.09 (95% CI, 1.04 to 4.20), polymyalgia rheumat-
ica/giant cell arteritis with RR 1.33 (95% CI, 1.16 to 1.52) and
autoimmune thyroid disease with RR 1.31 (95% CI, 1.12 to
1.54). Multiple sclerosis was the only condition associated
with statistically significant decreased risk, RR 0.64 (95% CI,
0.45 to 0.92). Excluding pernicious anemia, pooled risk esti-
mates for alimentary tract-involving and non-alimentary 
autoimmune conditions were 1.18 (95% CI, 1.04 to 1.33) and
1.21 (95% CI, 1.10 to 1.34), respectively. Autoimmune dis-
eases that involve endocrine glands, which include Addison
disease, autoimmune thyroiditis and T1DM had pooled RR
1.42 (95% CI, 1.25 to 1.61), whereas autoimmune non-
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Fig. 1.  Random effects summary relative risk (RR) and 95% confidence interval (CI) for gastric cancer among individuals
with pernicious anemia [11,12,17-28].
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NOTE: Weights are from random effects analysis
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  5.00 (1.39-18.00)
0.60 (0.18-2.00)
3.17 (2.47-4.07)
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2.02 (1.84-2.22)
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Weight (%)

   7.41
   6.77
   3.25
   8.98
   5.06
   1.35
   8.84
 10.87
 10.13
   2.21
   2.44
 10.20
 10.87
 11.63

100.00 



endocrine diseases other than pernicious anemia had pooled
RR 1.15 (95% CI, 1.06 to 1.26; pheterogeneity=0.008). Considering
all reports combined, having any autoimmune condition was
associated with statistically significant pooled RR 1.37 (95%
CI, 1.24 to 1.52). 

There were no reports of gastric cancer with pernicious
anemia in the studies from Asia. Considering all other auto-
immune diseases combined, the summary RR for gastric can-
cer was 1.08 (95% CI, 0.90 to 1.29) in studies from Asia com-
pared to 1.24 (95% CI, 1.14 to 1.34) in studies from non-Asian
countries (pheterogeneity=0.005).

Funnel plots were symmetric for all conditions. Imputation
of hypothetical missing results by the trim and fill method
did not alter the estimated associations by more than 20%
with the exception of immune thrombocytopenic purpura
for which change in RR was 56%. 

Pernicious anemia, T1DM and SLE each had more than 5

studies for analysis and are displayed separately as forest
plots in Figs. 1-3. 

There was marked heterogeneity among the 14 studies of
the association of pernicious anemia with gastric cancer over-
all, indicated by I2=82.4% and p-value of < 0.001 (Fig. 1)
[11,12,17-28]. Sensitivity analyses restricted to cohort studies
(n=13; RR, 2.94; 95% CI, 2.37 to 3.65) and high quality studies
(n=12; RR, 2.70; 95% CI, 2.15 to 3.40) were similar to our over-
all pooled RR.

A low heterogeneity among studies was observed in the
meta-analysis of T1DM (n=9) association with I2=35.7% and
p=0.13 (Fig. 2) [11,29-34]. For the four studies with sex infor-
mation, the association was significantly greater in females
(RR, 1.77; 95% CI, 1.51 to 2.07) compared to males (RR, 1.19;
95% CI, 1.03 to 1.39) (pheterogeneity < 0.001).

Gastric cancer RR with SLE showed low heterogeneity
among studies (n=6) with I2=17.6% and p=0.303 (Fig. 3)
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Fig. 2.  Random effects summary relative risk (RR) and 95% confidence interval (CI) for gastric cancer among individuals
with diabetes mellitus type 1 [11,29-34]. 
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Fig. 3.  Random effects summary relative risk (RR) and 95% confidence interval (CI) for gastric cancer among individuals
with systemic lupus erythematosus [11,12,35-37].
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[11,12,35-38]. 
The 15 conditions with only one study report and the addi-

tional six with insufficient information for pooling are sum-
marized in Table 2. Apart from those diseases mentioned in
Table 1, statistically significant associations were reported
for myasthenia gravis (RR, 1.38; 95% CI, 1.14 to 1.65) [11] and
alopecia areata (RR, 0.46; 95% CI, 0.33 to 0.65) [39].  

Discussion

This is the first comprehensive review of autoimmune con-
ditions in gastric cancer risk. Our meta-analysis identified
significant associations for autoimmunity overall and for sev-
eral specific conditions. We extended the known association

of pernicious anemia with greater statistical power. By pool-
ing all available evidence to date, we found novel associa-
tions for some autoimmune diseases which showed inconsi-
stent or null results in individual studies. 

There was a modest increase of gastric cancer risk across
all autoimmune conditions combined. Autoimmunity could
be linked with gastric carcinogenesis through different 
potential pathways. Many of the conditions associated with
gastric cancer in this study, such as autoimmune thyroiditis,
T1DM, vitiligo, and Addison disease, frequently cooccur
with pernicious anemia, which has a direct mechanistic 
interpretation through its pathological correlate, autoim-
mune gastritis. Indeed, the overall association of autoim-
mune conditions with gastric cancer was significantly
weaker in studies from Asia than from other parts of the
world, consistent with the relatively lower incidence of per-
nicious anemia in Asian populations [40]. Alternatively, 

Table 2.  Reported associations of gastric cancer with autoimmune diseases from single studies 

Disease Exposed Gastric cancer Reported 
persons persons association

Autoimmune pancreatitis type 1 109 3 1.35 (0.03-2.66)                     
ANCA associated vasculitis: GPA and MPAa) 203 1 2.37 (0.06-13.2)
Alopecia areata 12,199 39 0.46 (0.33-0.65)
Autoimmune hemolytic anemia NR 6 1.10 (0.46-2.65)
Autoimmune thyroid diseasea) 23 17 3.16 (1.14-8.71)
Behçet disease 2,860 11 1.66 (0.83-2.99)

1,620 0 NR
Discoid lupus erythematosus NR 9 0.95 (0.48-1.90)
Hashimoto/hypothyroidisma) 10,682 26 1.34 (0.87-1.96)
Inflammatory bowel diseasea) 2,853 NR 0.53 (0.13-2.11)
Kawasaki disease 3,463 0 NR
Localized scleroderma 3,128 11 1.56 (0.70-2.55)

NR 0 NR
Membranous nephropathy 161 1 2.74 (0.07-15.3)
Myasthenia gravis 17,974 117 1.38 (1.14-1.65)

NR 0 NR
Polyarteritis nodosa 12,046 35 1.02 (0.71-1.42)

NR 0 NR
Polymyalgia rheumaticaa) 14,745 63 1.45 (1.11-1.85)

NR 0 NR
Polymyalgia rheumatica/Giant cell arteritisa) 35,918 139 1.27 (1.07-1.50)
Reactive arthritis NR 0 NR
Rheumatic fever 3,458 16 1.50 (0.86-2.44)

NR 0 NR
Takayasu arteritis 180 1 1.4 (0.0-7.3)
Vasculitis excluding Kawasaki disease 644 0 NR
Wegener granulomatosisa) 345 1 0.45 (0.0-2.59)

ANCA, antineutrophil cytoplasmic antibody; GPA, granulomatosis with polyangiitis; MPA, microscopic polyangiits; NR,
not reported. a)Also included in Table 1 grouped diagnoses.
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autoimmunity might exacerbate H. pylori–driven gastritis in
the absence of autoimmune gastritis per se. For either of these
scenarios, the etiologic contributions of other components of
the gastric microbiome remains to be determined.  

In the study of 4.5 million U.S. male veterans [12], autoim-
mune diseases with alimentary tract involvement were asso-
ciated with an increased risk of alimentary tract cancers,
including gastric cancer, whereas conditions without alimen-
tary tract involvement generally were not significantly asso-
ciated. Using the same definition of alimentary tract invol-
vement and excluding pernicious anemia, we found no dif-
ference in gastric cancer risk between alimentary tract-
involving versus all other conditions. On the other hand,
when we grouped the non-pernicious anemia autoimmune
conditions based on endocrine gland involvement, gastric
cancer risk was significantly higher for autoimmune endo-
crine diseases than for the remainder. Given that pernicious
anemia results from destruction of secretory parietal cells,
these observations reinforce the intriguing concept that the
autoimmune component of gastric carcinogenesis is more
closely linked to glandular targets than to the alimentary
tract per se.

Epidemiologic evidence for an autoimmune contribution
to gastric carcinogenesis is not limited to studies of patients
with personal history of autoimmune conditions. In a study
linking the Swedish Multigeneration Register and the Swe-
dish Cancer Register, family history of autoimmune disease
in siblings was associated with noncardia gastric cancer with
SIR 1.36 (95% CI, 1.22 to 1.52) [41]. On the other hand, auto-
immune disease in spouses was not associated. Taken toge-
ther, these observations favor an underlying basis that is
related to either genes or childhood environment (shared by
siblings), rather than adult exposures (shared by spouses).

Although based on only a limited number of studies, mul-
tiple sclerosis and alopecia areata showed significant inverse
association with gastric cancer. Both of these diseases share
similar characteristics of increased T helper type 1 immune
activation and altered cytokine levels which were postulated
to have inhibitory effects on carcinogenesis [12,39]. 

Our study has some limitations and thus the results should
be interpreted with caution. First, like many other studies 
investigating patient populations, the effect of treatments for
autoimmune conditions could not be fully addressed. Immu-
nosuppressive medications or immunomodulatory drugs,
such as steroids, cytotoxic agents and nonsteroidal anti-
inflammatory drugs, may themselves affect gastric carcino-
genesis. There may also be decreased medical surveillance
in severely debilitating diseases which might explain the 
inverse association for multiple sclerosis. Second, despite our
attempt to include all available literature, only a relatively
small number of studies met inclusion criteria, and many 
autoimmune diseases had insufficient data for a meta-analy-

sis. However, autoimmune diseases with small numbers of
studies and comparisons that lack statistical significance
should not be interpreted as evidence against association.
Third, most of the studies were based in Western populations
and prevalence of many autoimmune diseases varies across
race/ethnicity and geographical location, limiting generaliz-
ability of the pooled risk estimates. Fourth, autoimmune dis-
eases are underdiagnosed conditions, and some degree of
misclassification of exposure is likely. Such nondifferential
misclassification would tend to attenuate true associations
between autoimmune disease and gastric cancer. Fifth, as in
any meta-analysis, possible publication bias is a concern 
although we did not find evidence for missing information
with trim and fill correction. Sixth, clinical assessment of 
autoimmune diseases may vary across the studies. Lastly,
gastric cancer risk factors such as H. pylori infection or smok-
ing were not taken into account in many of these studies. 

Despite the above limitations, our study has many
strengths. Our systematic review is the first attempt to com-
prehensively summarize current evidence associating auto-
immunity with gastric cancer risk. By pooling small studies,
we were able to increase power for novel findings. Most of
the studies were prospective investigations of incident gas-
tric cancer, minimizing the possibility of reverse causality.
Lastly, most of the included studies were classified as good
quality.

The rarity of autoimmune diseases with their characteristic
predominance in females, developed countries and Western
populations, combined with the opposite profile for gastric
cancer burden (males, under-developed countries, Asians),
may have hampered recognition of the links between these
entities. Future studies are warranted to investigate these 
associations in different races and ethnic groups, by anatom-
ical subsite or tumor histology, and with consideration of
treatment effects. Moreover, our findings may have impor-
tant clinical and public health implications. The apparent 
increases in autoimmune disease and the newly recognized
relation to gastric cancer risk have important implications for
predicting future cancer incidence and planning strategies
for control and prevention.
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Open Access

Behaviors and Attitudes toward the Use of Complementary and 
Alternative Medicine among Korean Cancer Patients

Special Article

Purpose

A cross-sectional survey was conducted to explore the current awareness and use of com-

plementary and alternative medicine (CAM), as well as attitudes toward CAM, in patients

with cancer and their family members in South Korea.

Materials and Methods

Between September 21 and October 31, 2017, a 25-item questionnaire regarding CAM 

experiences among cancer patients and their family members was conducted in 10 oncol-

ogy clinics in South Korea after institutional review board approval at each institution. 

Results

In total, 283/310 patients were analyzed. The median age was 60 years, and 60% were

male. Most of the patients were actively receiving anticancer treatment at the time of the

survey. A total of 106 patients (37%) had experienced a median of two types (interquartile

range, 1 to 3) of CAM. Belief in CAM (odds ratio [OR], 3.015; 95% confidence interval [CI],

1.611 to 5.640) and duration of disease (OR, 1.012; 95% CI, 1.004 to 1.020) were inde-

pendent factors for using CAM in multivariable analysis. Belief in CAM was significantly 

associated with current use of CAM (OR, 3.633; 95% CI, 1.567 to 8.424). Lay referral was

the most common reason for deciding to use CAM, and only 25% of patients (72/283) dis-

cussed CAM with their physicians.

Conclusion

Patient attitudes toward and confidence in CAM modalities were strongly associated with

their CAM experiences, and only a small number of patients had an open discussion about

CAM with their physicians. A patient education program for CAM is needed.
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Complementary and alternative medicine, Neoplasms, Attitudes
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Introduction

Cancer is a leading cause of death worldwide, including
in South Korea. An estimated 14.1 million new cancer cases
and 8.2 million cancer deaths occurred worldwide in 2012
[1], and a total of 214,701 cancer cases and 76,855 cancer
deaths were reported in South Korea in 2015 [2]. Although

significant medical advancements have led to improvements
in overall survival, cancer remains a source of fear for pati-
ents and family members and is considered by most to be an
incurable and life-threatening disease.

Many cancer patients have expressed interest in comple-
mentary and alternative medicine (CAM). Cancer survivors
have been found to use CAM more than cancer-free popula-
tions [3]. The use of CAM was also found to be increased
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after cancer diagnosis, from 15.6% to 51.8% [4]. Large num-
bers of patients have reported using CAM during anticancer
treatment—48.9% in Italy [5], 37% in Korea [6], and 29% in
the United Kingdom [7]. Cancer patients use CAM in various
situations, from phase I clinical trials [8] to end-of-life care
[6]; CAM use has also been reported in survivors [9].

Cancer patients use CAM for various reasons, including to
alleviate cancer symptoms, enhance immunity, reduce the
side effects of conventional medicine, and even as an alter-
native to conventional medicine [10]. WHO has defined
CAM as “a broad set of health care practices that are not part
of that country’s own tradition or conventional medicine and
are not fully integrated into the dominant health care sys-
tem” [11]. The National Center for Complementary and 
Alternative Medicine (NCCAM) categorized CAM into five
major classes: the whole medical system, mind-body medi-
cine, biologically based practices, manipulative and body-
based practices, and energy medicine [12].

Most CAM modalities have no proven scientific data for
to support their efficacy or safety, and drug interactions with
conventional medicine can occur; thus, CAM could cause 
patients to be exposed to unexpectedly harmful situations
[13]. In addition to the harmful side effects of or drug inter-
actions with CAM, it can negatively impact patient prognosis
by delaying the diagnosis and treatment of cancer [14] and
can have an enormous impact on out-of-pocket costs [15].

This study was conducted to explore the characteristics of
the use of CAM among cancer patients as well as factors rela-
ted to their decision to disclose their use of CAM to their 
oncologists.

Materials and Methods

1. Patients in the survey

This cross-sectional study included both family members
and cancer patients who received treatment between Sep-
tember 21 and October 31, 2017, at 10 oncology clinics in
South Korea.   

2. Data collection

The survey instrument was a 25-item questionnaire, con-
sisting of demographics (2 items: age, sex), oncology-related
variables (6 items: diagnosis, date of diagnosis, stage of can-
cer at the time of diagnosis, current stage of cancer, previous
and current treatment), attitudes toward CAM (3 items: 
belief, self-confidence, unmet need in knowledge), various
aspects of CAM experiences (9 items: types, experiences,

sources, reasons, effectiveness, satisfaction, side effects, 
duration of usage, cost of CAM), and CAM consultation 
experience with a doctor (5 items). CAM types were catego-
rized as follows for practical reasons, and each category has
detailed examples frequently used in South Korea: Chinese
medicine, health supplement, herb/folk remedy/dietary
supplementation, imaginary therapy, and cell therapy, among
others. Four medical oncologists, one radiational oncologist,
and one oncology surgeon developed the questionnaire
based on a literature review. Review, feedback, and revision
of the questionnaire were conducted during investigator
meetings. A paper self-report questionnaire was used for this
survey with the support of clinical research coordinators to
ensure proper data collection. Patients received a gift worth
$5 on the day of survey participation.

3. Statistical analysis

Descriptive statistics, including the means, medians, per-
centages, quartiles, and standard deviations, were used to
summarize the demographics and the survey responses. Stu-
dent’s t test and the Mann-Whitney U test were used to 
determine the differences between the groups. A p-value of
< 0.05 was considered statistically significant. IBM SPSS sta-
tistics ver. 24 (IBM Corp., Armonk, NY) was used for all sta-
tistical analyses. Graphs were produced using Excel software
based on SPSS output data.

4. Ethical statement

The study was approved by the Institutional Review Board
at the Kangdong Sacred Heart Hospital (KANGDONG 2017-
05-006), Soonchunhyang University Hospital Cheonan (SCH-
CA 2017-08-043), Seoul St. Mary's Hospital (KC19QEDI0218),
Seoul National University Bundang Hospital (B-1709/423-
304), Gyeongsang National University Hospital (GNUH
2017-09-008), Keimyung University Dongsan Medical Center
(2017-09-017), Chungnam National University Hospital
(CNUH 2017-09-003), Chonnam National University Hwa-
sun Hospital (CNUHH-2017-135), Catholic Kwandong Uni-
versity International St. Mary's Hospital (IS17QIMI0053), and
Severance Hospital, Yonsei Cancer Center (4-2017-0713).
Written informed consent was obtained from all participants.
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Refused to participate (n=15)
Surveys replied by family members (n=82)
Surveys replied by friends (n=7)
Did not submit the survey (n=1)

Items for incomplete survey 
  No answer to the attitude toward CAM (n=24)
  No answer to the side effects of CAM (n=3)

Patients invited from 
10 oncology clinics (n=415)

Patients submitted
the survey (n=310)

Patients completed
the survey (n=283)

Fig. 1. Study consort diagram. CAM, complementary and alternative medicine.

Table 1.  Demographics according to CAM use 

Characteristic Total  Not experienced Experienced p-value(n=283) (n=177) (n=106)
Age (yr) 60 (52-67) 62 (52-67) 60 (52-67) 0.574a)

Sex
Male 169 (59.7) 113 (63.8) 56 (52.8) 0.068a)

Female 114 (40.3) 64 (36.2) 50 (47.2)
Cancer type

Gastrointestinal tract 109 (38.5) 73 (41.2) 36 (34.0) 0.845b)

Thorax 37 (13.1) 22 (12.4) 15 (14.2)
Hepatobiliary 37 (13.1) 24 (13.6) 13 (12.3)
Breast 36 (12.7) 20 (11.3) 16 (15.1)
GY/GU 26 (9.2) 14 (7.9) 12 (11.3)
Sarcoma 12 (4.2) 7 (4.0) 5 (4.7)
Head and neck 10 (3.5) 7 (4.0) 3 (2.8)
Hematology 8 (2.8) 6 (3.4) 2 (1.9)
Other 8 (2.8) 4 (2.3) 4 (3.8)

Duration of disease (mo) 12 (4-29) 10 (3-22) 20.5 (5-39) < 0.001a)

Advanced disease
Yes 86 (30.4) 59 (33.3) 27 (25.5) 0.379a)

No 125 (44.2) 75 (42.4) 50 (47.2)
Missing 72 (25.4) 43 (24.3) 29 (27.4)

Current treatment
Active treatment 2 (0.7) 2 (1.1) 0 ( 0.792b)

Palliative care 278 (98.2) 173 (97.7) 105 (99.1)
Unknown 3 (1.1) 2 (1.1) 1 (0.9)

Belief in CAM
Yes 204 (72.1) 115 (65.0) 89 (84.0) < 0.001a)

No 79 (27.9) 62 (35.0) 17 (16.0)

Values are presented as median (IQR) or number (%). CAM, complementary and alternative medicine; GY/GU, gynecolog-
ical/genitourinary tumor; IQR, interquartile range. a)Chi-square test, b)Fisher exact test.



Results

1. Participant characteristics

Between September 21 and October 31, 2017, 415 patients
and family members were invited to participate in the sur-
vey. Four hundred patients agreed to take the survey among
the 10 participating oncology clinics in South Korea: the 
response rate was 75% (310/415), and 283 patients completed
the survey (Fig. 1).

In total, 286 of 310 patients reported their attitudes toward
CAM. Among 286 patients, 51 (17.8%) had strong beliefs in
CAM, 156 (54.5%) had weak beliefs in CAM, and 79 (27.6%)
had no beliefs in CAM. The analysis included 283 patients
because three patients did not report the satisfaction of CAM.

The patients’ demographics are summarized in Table 1.
The median age was 61 years, and 60% were male. Most of
the patients were actively receiving anticancer treatment at
the time of the survey. Groups based on the confidence in
CAM modalities were not different in terms of age (p=0.574),
sex (p=0.068), cancer type (p=0.845), or advanced disease at
the time of the survey (p=0.379). However, duration of dis-
ease (p < 0.001) and belief in CAM (p < 0.001) were different
according to the CAM experience.

2. CAM experiences among the patients

A total of 106 patients (37%) had experienced a median of
two CAM modalities (interquartile range [IQR], 1 to 3), and 60
of them continued to use CAM at the time of survey, with a
median of one modality (IQR, 1 to 2). The median duration of

Cancer Res Treat. 2019;51(3):851-860

Fig. 2.  Satisfaction with complementary alternative medicine according to complementary and alternative medicine (CAM)
modalities in 283 patients. (A) Number of patients who are aware of the types of CAM, those who have previously used
CAM, and those who are current CAM users. (B) Satisfaction score (0-10) for each CAM modality in 106 patients. The median
and quartile values are displayed; Q1-Q3, 1st quartile-3rd quartile. NA, not available.

Chinese medicine

High frequency heat therapy

Others

Imaginary therapy

Herb/Folk remedies/
Dietary supplementation
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BSatisfaction score with CAM

Fig. 3.  Patients’ answers on multiple-choice questions regarding their expectations about complementary and alternative
medicine (CAM) before use (left side) and met their expectancy after using CAM (right side).

Risk of recurrence

Psychological or emotional support

Improved immunity

Strengthen physical health

Improved pain or symptoms

Cure of cancer

20 60 7050300 401050 10204070 3060

Prolonged survival

Expected
Experienced01

39

812

325

2929

6239

2162

854 CANCER  RESEARCH  AND  TREATMENT



Jung Hye Kwon, Behaviors and Attitudes toward Using CAM

VOLUME 51 NUMBER 3 JULY 2019  855

Table 2.  Probability of using CAM among patients (n=283)

CAM, complementary and alternative medicine; cOR, crude odds ratio; CI, confidence interval; aOR, adjusted odds ratio
controlling for age, sex, disease duration, and belief in CAM; GI, gastrointestinal tumor; HB, hepatobiliary tumors; GY/GU,
gynecological/genitourinary tumor; HN, head and neck cancer.

Variable cOR (95% CI) aOR (95% CI)

Age (yr) 0.995 (0.973-1.017) 0.996 (0.972-1.020)
Female vs. male 1.576 (0.966-2.572) 1.375 (0.814-2.324)
Diagnosis of cancer

Thorax vs. GI 1.383 (0.641-2.980) -
HB vs. GI 1.098 (0.501-2.406) -
Breast vs. GI 1.622 (0.752-3.500) -
GY/GU vs. GI 1.738 (0.729-4.141) -
Sarcoma vs. GI 1.448 (0.430-4.882) -
HN vs. GI 0.869 (0.212-3.560) -
Hematology vs. GI 0.676 (0.130-3.519) -
Others vs. GI 2.028 (0.479-8.578) -

Disease status

Advanced disease vs. not 1.457 (0.816-2.600) -
Unknown vs. not 1.474 (0.765-2.837) -

Anticancer treatment

Active treatment vs. palliative care > 999.999 (< 0.001-> 999.999) -
Unknown vs. palliative care > 999.999 (< 0.001-> 999.999) -

Disease duration (mo) 1.011 (1.003-1.019) 1.012 (1.004-1.020)
Belief vs. no belief 2.823 (1.543-5.162) 3.015 (1.611-5.640)

Table 3.  Probability of current use of CAM among patients (n=283)

CAM, complementary and alternative medicine; cOR, crude odds ratio; CI, confidence interval; aOR, adjusted odds ratio
controlling for age, sex, disease duration, and belief in CAM; GI, gastrointestinal tumor; HB, hepatobiliary tumors; GY/GU,
gynecological/genitourinary tumor; HN, head and neck cancer.

Variable cOR (95% CI) aOR (95% CI)

Age (yr) 1.007 (0.981-1.034) 1.010 (0.982-1.039)
Female vs. male 1.394 (0.785-2.476) 1.360 (0.742-2.493)
Diagnosis of cancer

Thorax vs. GI 0.811 (0.300-2.194) -
HB vs. GI 1.156 (0.462-2.889) -
Breast vs. GI 1.197 (0.478-3.000) -
GY/GU vs. GI 1.862 (0.714-4.861) -
Sarcoma vs. GI 2.095 (0.576-7.620) -
HN vs. GI 1.048 (0.207-5.299) -
Hematology vs. GI 1.397 (0.263-7.417) -
Others vs. GI 0.599 (0.070-5.132) -

Disease status

Advanced disease vs. not 1.304 (0.647-2.629) -
Unknown vs. not 1.578 (0.730-3.412) -

Anticancer treatment

Active treatment vs. palliative care > 999.999 (< 0.001-> 999.999) -
Unknown vs. palliative care > 999.999 (< 0.001-> 999.999) -

Disease duration (mo) 1.004 (0.996-1.012) 1.004 (0.996-1.012)
Belief vs. no belief 3.609 (1.563-8.331) 3.633 (1.567-8.424)



each CAM modality was 4 months (IQR, 1 to 12). Patients who
continued to use CAM reported belief in the efficacy of CAM
(p < 0.001) and reported that they were actively receiving treat-
ment (p=0.040). A total of 39% of the patients (41/106) 
reported that they started using CAM at the time of diagnosis,
and 27% (29/106) reported that they started during chemo-
therapy. Herb/folk remedy/dietary supplementation was the
most recognized CAM modality, followed by health supple-
mentation, Chinese medicine, and imaginary therapy. The 
patients’ satisfaction score with imaginary therapy was rela-
tively higher than their satisfaction with Chinese medicine,
health supplementation, or herb/folk remedy/dietary supple-
mentation (Fig. 2). Patients’ expectations before using CAM
and the number of answers of patients who felt that the effi-
cacy of CAM met their expectations are presented in Fig. 3.
Enhanced immunity was the most frequently reported 
“expected efficacy” before using CAM, while psychological or
emotional support was the most frequently reported “real 
effect” after using CAM. 

3. Factors related to CAM experiences and continuous use

Among the 283 patients, 106 experienced CAM and 60
used CAM at the time of the survey. Duration of disease and
belief in CAM were significantly related to the experience of
CAM. The odds ratios (ORs) of those two factors were still
significant after controlling for age, sex, disease duration, and
belief in CAM through a multivariable logistic model (dis-
ease duration: OR, 1.012; 95% confidence interval [CI], 1.004
to 1.020; belief in CAM: OR, 3.015; 95% CI, 1.611 to 5.640)
(Table 2). Patients’ belief in CAM was independent of related
factors with current CAM use at the time of the survey after
controlling for age, sex, disease duration, and belief in CAM
through a multivariable logistic model (OR, 3.633; 95% CI,
1.567 to 8.424) (Table 3). Moreover, 26 patients of 106 CAM
users replied that they did not experience any efficacy from
CAM. Eight percent (9/106) reported that they experienced
side effects from CAM, and herbal medication was the most
common cause of side effects. Cancer type, duration of dis-
ease, active treatment, disease duration, and discussion
about CAM with physician were not related to patients’ feel-
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Fig. 4.  Sources of information of complementary and alternative medicine (CAM): tree-map of various sources of information
from all patients for multiple-choice questions on the left side (A) and the percentage of actual sources from multiple-choice
questions and sources that were regarded as reliable by patients from single-choice questions on the right side (B).
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ings of effectiveness, side effects, or satisfaction in age- and
sex-adjusted univariate analysis (S1-S3 Tables). We also
grouped and analyzed the data by belief in CAM. Compared
with those who did not believe in the efficacy of CAM, those
who believed in CAM reported significantly more CAM use,
the current use of a CAM modality and the experience of
CAM efficacy, with ORs of 2.82 (95% CI, 1.54 to 5.16; p <
0.001), 3.61 (95% CI, 1.56 to 8.34; p=0.003), and 3.51 (95% CI,
1.19 to 10.36; p=0.023), respectively. However, neither satis-
faction with CAM nor side     effects were not related to belief
in CAM (S4 Table).

4. Awareness of CAM

Forty-three percent of patients (56/106) started CAM fol-
lowing recommendations from family, relatives, or friends.
Twenty-four percent (25/106) received recommendations
from other patients and their family members. Only 14% of
patients (15/106) started CAM by themselves. Patients gath-
ered their CAM information from various sources, with a 
median number of 3 (range, 1 to 11). The most common
sources of CAM information were family, relatives or friends
(200/634), followed by media (186/634), healthcare profes-
sionals (68/634), social networking sites (62/634), advertise-
ments (45/634), etc. Media (34%), followed by family, rela-
tives, or friends (22%), and health care professionals (20%)
were regarded as reliable sources of information (Fig. 4).
Among the patients, only 7% replied that they had sufficient
knowledge of CAM, and 60% of patients reported that they
had insufficient knowledge of CAM. Patients reported that
they wanted more information about CAM, specifically the
following: scientific evidence for efficacy (28%); clinical trials
with CAM (21%); harmful effects, including side effects (17%);
case reports (11%); guidelines (10%); and an exact definition
(5%).

5. Discussion of CAM with doctors

Only 25% (72/283) discussed CAM with their oncologists.
In most cases (90%), patients or family members started the
discussion about CAM, and only 10% of patients reported that
the discussion about CAM was initiated by healthcare profes-
sionals. These conversations included discussions of efficacy
(42%), side effects (28%), drug interactions with conventional
treatments or other CAM (26%), the appropriate use of CAM
(2%), and restrictions during chemotherapy (1%). Common
reasons for not asking physicians in 211 patients were “not a
matter to discuss with a doctor” (49%, 103/211), “physicians
hate to discuss CAM” (23%, 48/211), and “physicians will stop
my use of CAM (18%, 38/211), among others.

Discussion

In our study population, positive attitudes regarding the
safety and efficacy of CAM and duration of disease were 
associated with the experience of CAM. This result is similar
to the results of a previous study that investigated the atti-
tudes and beliefs related to CAM in cancer patients in the
United States [16]. In this study by Bauml et al. [16], attitudes
and beliefs related to CAM had a greater impact on the use
of CAM than demographic variables such as age or sex. In
this study, barriers to CAM had a negative association with
the use of CAM. In contrast with the results of other studies,
age and sex were not related to either the use of CAM or 
attitudes toward CAM in our study. The relatively lower rate
of the use of CAM (37.5% vs. 58.5%), the heterogeneous dis-
ease group in our study population and possible cultural dif-
ferences might explain these differences. The use of CAM has
also been reported to have a positive association with holistic
needs or concerns related to the toxicity of conventional med-
icine. In our study, we did not ask questions related to these
concerns or barriers related to the use of CAM [17]. Addi-
tional studies are needed to further explore patient attitudes
and beliefs regarding CAM use.

The prevalence of CAM use has increased in Western
countries, and out-of-pocket costs for CAM modalities is
enormous [18,19]. Legislation systems in European countries
and the United States should make the market more trans-
parent, which may enable greater CAM use. However, 
because scientific studies on the safety and effectiveness of
CAM modalities are lacking, more flexible standards are 
applied to them than to conventional medicine [20]. Varia-
tions in regulations among European countries are consid-
ered “a substantial lack of understanding of the risks among
healthcare policymakers”. CAM legislation must be aligned
with the regulations of conventional healthcare systems to
ensure patient safety. The regulation of CAM modalities in
Canada and the United States has minimal requirements for
registration [21]. Some may argue that CAM has already
been incorporated into conventional medication under the
name of integrative medicine, and many cancer centers in the
United States already provide integrative oncology in their
cancer care strategies. Regardless of whether integrative 
oncology is promoted in cancer care, more translational
and/or clinical research is needed to understand the under-
lying mechanisms and clinical efficacy in terms of quality of
life and overall survival, as well as to reduce the side effects
of conventional medicine, the impact on adherence to con-
ventional medicine, and drug interactions between integra-
tive medicine and conventional oncology drugs. Until now,
Asian countries have not reported enough data to provide
sufficient knowledge of CAM to professionals and lay per-
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sons compared to the United States or European countries.
The possibility of exposing cancer patients to unexpected
harm due to CAM use in Korea is what motivated us to take
the first step to fill this knowledge gap by conducting this
survey.

In addition to the paucity of scientific studies on CAM, 
patients’ attitudes about disclosing their use of CAM to their
primary care physicians are concerning. In our study, only
25% (72/283) discussed using CAM with their physicians,
and most of these discussions were initiated by patients or
family members, not by physicians. Other studies have 
reported that less than 50% of patients disclose their use of
CAM to their healthcare providers, and they do not disclose
all types of CAM modalities [22]. Disclosure was associated
with patient-related factors, including sex, ethnicity or edu-
cation level, as well as their healthcare provider’s perspective
on CAM [23]. Non-Hispanic ethnicity, female sex, and a rel-
atively high level of education were related to their disclo-
sure of their use of CAM [24]. Patients tended to disclose
their CAM use when the provider placed more value on
CAM modalities [23]. Even though patients should be able
to receive information on CAM from the healthcare profes-
sionals at the time when they consider using CAM, they do
not disclose their desire to use CAM for the following rea-
sons: (1) fear of being abandoned by their cancer doctors 
because they wish to use CAM modalities, (2) physician’s
lack of knowledge of CAM, or (3) fear of upsetting their
physician [25]. The reasons for not having a discussion about
CAM in our study were as follows: physicians hate to discuss
CAM, physicians will stop my use of CAM, physicians have
no knowledge of CAM, and it is not a matter for discussion
with physicians. These reasons for not having a discussion
with their physicians are similar to those reported in other
studies. Patients do not disclose their use of CAM not only
because of their physician’s lack of knowledge of CAM but
also because they do not want to discuss their dissatisfaction
with the conventional medical system [26]. To facilitate the
discussion of CAM between patients and physicians, CAM
education programs should be developed—not only for 
patients but also for physicians [27]. Developing an educa-
tion program for CAM could help improve patient-doctor
communication related to CAM and protect patients from
unexpected, harmful effects of CAM.

Patients’ sources of information constitute another prob-
lem that remains to be solved. Physicians as well as patients
need more information about CAM. In our study, 132 pati-
ents wanted information related to the scientific evidence of
CAM efficacy, and 96 wanted to know about clinical trials
on CAM. However, their sources of information were family,
relatives, and friends (32%) and media and social networking
sites (40%), with their most trusted source of information
being media (34%). Another study reported that lay referral

and media were also used by cancer patients to gather infor-
mation about CAM [28]. Family endorsement was also 
reported to affect patients’ expectations of CAM in terms of
clinical efficacy [29]. It is not easy to find scientific evidence
on CAM in Korean on websites; therefore, we need to focus
on ensuring that these data are available to Korean patients.

The design of this cross-sectional study has some limita-
tions in confirming the relationships between patients’ 
expectations of CAM efficacy and their feelings of effective-
ness and satisfaction. Young age, chronic illness, including
cancer, and level of education were reported to have impacts
on the use of CAM or CAM experiences. Cancer type has also
been associated with CAM-related behaviors. To validate our
study, prospective observational studies are needed that con-
trol for confounding factors.
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A Phage Display-Identified Peptide Selectively Binds to 
Kidney Injury Molecule-1 (KIM-1) and Detects KIM-1–Overexpressing
Tumors In Vivo

Original Article

Purpose

This study was carried out to identify a peptide that selectively binds to kidney injury mole-

cule-1 (KIM-1) by screening a phage-displayed peptide library and to use the peptide for the

detection of KIM-1–overexpressing tumors in vivo.   

Materials and Methods

Biopanning of a phage-displayed peptide library was performed on KIM-1–coated plates.

The binding of phage clones, peptides, and a peptide multimer to the KIM-1 protein and

KIM-1–overexpressing and KIM-1–low expressing cells was examined by enzyme-linked 

immunosorbent assay, fluorometry, and flow cytometry. A biotin-peptide multimer was gen-

erated using NeutrAvidin. In vivo homing of the peptide to KIM-1–overexpressing and KIM-

1–low expressing tumors in mice was examined by whole-body fluorescence imaging.

Results

A phage clone displaying the CNWMINKEC peptide showed higher binding affinity to KIM-1

and KIM-1–overexpressing 769-P renal tumor cells compared to other phage clones selec-

ted after biopanning. The CNWMINKEC peptide and a NeutrAvidin/biotin-CNWMINKEC mul-

timer selectively bound to KIM-1 over albumin and to KIM-1–overexpressing 769-P cells

and A549 lung tumor cells compared to KIM-1–low expressing HEK293 normal cells. Co-

localization and competition assays using an anti–KIM-1 antibody demonstrated that the

binding of the CNWMINKEC peptide to 769-P cells was specifically mediated by KIM-1. The

CNWMINKEC peptide was not cytotoxic to cells and was stable for up to 24 hours in the

presence of serum. Whole-body fluorescence imaging demonstrated selective homing of

the CNWM-INKEC peptide to KIM-1–overexpressing A498 renal tumor compared to KIM-

1–low expressing HepG2 liver tumor in mice. 

Conclusion

The CNWMINKEC peptide is a promising probe for in vivo imaging and detection of KIM-1–

overexpressing tumors.
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In vivo imaging, Kidney injury molecule-1, Peptide, Phage display, 
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Introduction

Kidney injury molecule-1 (KIM-1), also known as hepatitis

A virus cellular receptor-1 and T-cell Ig mucin-1, is a trans-

membrane protein, which is not overexpressed in normal

kidneys, but is significantly upregulated in damaged kidney

tubular epithelial cells in toxic and ischemic acute kidney 

injury [1,2]. KIM-1 is comprised of an extracellular segment

containing a mucin domain and six cysteine Ig-like domains

and a cytosolic segment containing a tyrosine kinase phos-

phorylation motif [3]. The extracellular domain of KIM-1 is

released from cells into the urine following kidney proximal

tubular injury [3,4]. Of the different types of markers, KIM-

1 has exhibited considerable superiority in the initial detec-

tion of acute kidney injury within 24 hours, which is earlier
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than the urine creatinine upsurge. These findings indicate
that KIM-1 could serve as a potential tool for detection and
treatment of acute kidney injury at early stages [5,6]. 

The frequency rates for all phases of renal cell carcinoma
(RCC) have been rising consistently over the last three deca-
des [7-9]. Partial initial warning signs result in late identifi-
cation with metastases existing in nearly one third of patients
at the time of diagnosis [10,11]. Thus, the availability of a spe-
cific and sensitive RCC biomarker and uncovering tumors
prior to metastasis might significantly improve the prognosis
of RCC. CD10, a cell surface metalloproteinase localized to
the proximal nephron of the normal adult kidney [12], has
been detected in nearly 90% of RCCs; however, it has also be
identified in prostatic carcinomas, hepatocellular carcinomas,
and urothelial carcinomas [13,14]. Notably, KIM-1 is overex-
pressed in most cases of RCC [15-17] and in other types of
tumors including ovarian clear cell carcinoma [18] and lung
cancer [19]. The extracellular domain of KIM-1 can be iden-
tified in the urine of patients with RCC and can thus be used
as a biomarker for the detection of RCC [15-17]. 

Compared to large proteins or antibodies, small peptides
possess the necessary properties to serve as imaging probes.
They have competency of tissue diffusion because of their
small sizes, fast clearance from blood circulation, giving less
background signals, low levels of immunogenicity, and a
lower manufacturing cost [20]. Additionally, it is relatively
easy to chemically alter peptides to link them to imaging
mate-rials or drugs. For example, octreotide, a somatostatin
analogue radiolabeled with indium-111, is currently in clin-
ical use for the detection of neuroendocrine tumors [21].
Screening of phage-displayed peptide libraries has effec-
tively identified peptides that specifically bind to biomarkers
at tumors and tumor vasculature. The three-amino-acid RGD
peptide, a typical example of a phage display-identified pep-
tide, targets tumor vascular endothelial cells through the
!v"3 integrin [22]. Using a phage displayed-peptide library,
we previously identified a peptide that binds to the inter-
leukin-4 receptor upregulated in cancer cells and utilized it
for drug delivery to tumors [23,24]. In addition, we identified
a peptide that binds to histone H1 exposed on the surface of
apoptotic cells and used it for in vivo imaging of apoptosis
following chemotherapy [25]. Furthermore, we identified a
peptide that binds to myoglobin, a biomarker that is increased
in the blood of patients with acute myocardial infarction [26].
In this study, we screened a phage displayed-peptide library
to identify a peptide that binds to the KIM-1 protein and 
applied it in non-invasive in vivo imaging and detection of
KIM-1–expressing tumors. 

Materials and Methods

1. Cell culture

769-P human renal tumor cells and A549 human lung
tumor cells were cultured in RMPI-1640 medium containing
10% fetal bovine serum (FBS). ACHN and A498 human renal
tumor cells, HepG2 human liver tumor cells, and HEK-293
human embryonic kidney cells were grown in Dulbecco’s
modified Eagle’s medium containing 10% FBS. All culture
media were supplemented with 100 U/mL penicillin and 100
µg/mL streptomycin.

2. Biopanning of the phage-displayed peptide library for
KIM-1–binding peptides

Enzyme-linked immunosorbent assay (ELISA) plates were
coated with recombinant KIM-1 (Cloud-Clone Corp., Katy,
TX) in 100 µL of a 10 µg/mL solution in 0.1 M NaHCO3 pH
9.6 at 4°C overnight or with bovine serum albumin (BSA;
Bovogen, Melbourne, Australia) as a negative control. After
washing the wells six times with Tris-buffered saline (TBS)
containing 0.1% Tween (TBS-T), the plates were blocked with
1% of BSA in TBS at room temperature (RT) for 1 hour. Each
biopanning round consisted of subtraction of phages non-
specifically bound to BSA and subsequent selection of pha-
ges bound to KIM-1, followed by amplification of the eluted
phages. In the first round, an M13 phage library (New Eng-
land Biolabs, Massachusetts, UK) at a titer of 1!1011 was
added to BSA-coated wells and incubated at 4°C for 1 hour
with gentle shaking for subtraction of phages that bound
BSA. Following incubation, the unbound phages in the 
supernatant were collected and incubated with KIM-1–
coated plates at 4°C for 1 hour with gentle shaking. Follow-
ing incubation, the unbound phages were washed out using
phosphate-buffered saline (PBS) containing 0.1% Tween
(PBS-T). The concentration of Tween was gradually increa-
sed from 0.1% in the first round up to 0.5% in the fifth round,
with a 0.1% increase in each round, in order to minimize the
non-specific binding of phages. The KIM-1–bound phages
were eluted by incubating the plates with 0.1 M glycine HCl
(pH 3.1) at RT for 5 minutes and eluates were immediately
neutralized with 1 M Tris-HCl (pH 9.1). Phage titration was
performed by plaque assays. The phages were amplified
using Escherichia coli ER2738 as a host and subjected to con-
secutive rounds of biopanning. The same amount of input
was maintained in subsequent rounds.
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3. DNA sequencing, amino acid sequence analysis, and
peptide synthesis

Following five rounds of biopanning, phage clones were
randomly picked and the inserted DNA was amplified by
polymerase chain reaction for DNA sequencing. DNA sam-
ples of twenty individual clones were sequenced by Macro-
gen (Seoul, Korea). Peptide sequences corresponding to the
DNA sequences were analyzed using the Clustal W program
in order to align amino acid sequences and shared motifs and
were also analyzed using the NCBI BLAST search to identify
proteins with motifs homologous to the peptide sequences.

All peptides were synthesized by standard Fmoc method
using a peptide synthesizer and purified by high-perfor-
mance liquid chromatography to > 90% purity, and their
mass were confirmed by matrix assisted laser desorption ion-
ization-time of flight by Peptron Inc. (Daejeon, Korea). For
fluorescence labeling, peptides were conjugated at the amino
terminus with fluorescein isothiocyanate (FITC) dye, or with
FPR675 near-infrared (NIR) fluorescence dye (BioActs, 
Incheon, Korea). The NSSSVDK peptide, a sequence present
in T7 phage coat protein, was used as a control.

4. Immunofluorescence analysis for KIM-1 expression in
cells

Cells (3!104 cells) were plated on the wells of 4-well cham-
ber slides. After overnight culture, cells were fixed with 4%
paraformaldehyde at RT for 10 minutes. Following washing,
the cells were incubated with an anti–KIM-1 antibody (Novus
Biologicals, Littleton, CO) at a 1:200 dilution in blocking
buffer at RT for 2 hours and then with an Alexa594- or Ale-
xa488-cojugated anti-rabbit secondary antibody (Thermo
Fisher Scientific, Waltham, MA) at a 1:200 dilution in block-
ing buffer at RT for 1 hour. Cells were incubated with 4,6-
diamidino-2- phenylindole (DAPI; Sigma-Aldrich, St. Louis,
MO) for nuclear staining. The chamber slides were then
mounted with a ProLong anti-fade reagent (Thermo Fisher
Scientific) and visualized with a fluorescent microscope
(Zeiss, Oberkochen, Germany).

5. Phage protein- and cell-binding ELISA

For phage protein-binding ELISA, plates were coated with
100 µL of 10 µg/mL KIM-1 or BSA in 0.1 M NaHCO3 pH 9.6
at 4°C overnight. The plates were blocked with 1% BSA in
TBS at RT for 1 hour. After washing the plates with TBS-T,
the protein was incubated with 100 µL of each phage clone
(1!108 plaque forming unit [pfu]/well) at RT for 1 hour. For
phage cell-binding ELISA, cells (1!104 cells) were seeded in
the wells of 96-well plates and allowed to grow overnight.
Cells were blocked with culture medium containing 1% BSA

at RT for 30 minutes. After washing the plates with PBS, cells
were incubated with each phage clone (1!109 pfu/well) at
4°C for 1 hour, washed, and then incubated with the horse-
radish peroxidase-conjugated anti-M13 antibody (GE Heal-
thhcare, Chicago, IL) diluted 1:3,000 in blocking buffer at 4°C
for 1 hour. After washing the plates, 3,3',5,5'-tetramethylben-
zidine substrate (Pierce, Rockland, IL) was added and incu-
bated at RT for 10 minutes. The reaction was stopped using
2 M H2SO4 and plates were read at 450 nm using a microplate
reader (Tecan, Zurich, Switzerland).

6. Flow cytometry analysis of peptide cellular binding 

Cells were grown to 70% to 80% confluence, harvested,
and suspended in a culture medium. Cells were blocked with
culture medium containing 1% BSA at RT for 30 minutes and
then incubated with 10 µM of a FITC-conjugated peptide in
blocking buffer at 4°C for 1 hour. After washing, cells were
subjected to flow cytometry (BD Bioscience, San Jose, CA). 

7. Analysis of cellular binding of the NeutrAvidin/biotin-
peptide multimer

To form the NeutrAvidin/biotin-peptide multimer, FITC-
conjugated NeutrAvidin (Thermo Fisher Scientific) at a con-
centration of 82.7 µM was incubated with biotin-conjugated
peptide at a concentration of 330 µM at RT for 1 hour with
rotation. The mixture was then dialyzed using a 15 kDa
Tube-O-Dialyzer (G-biosciences, St. Louis, MO) in PBS at 4°C
overnight. For immunofluorescence analysis, 3!104 cells
were plated onto the wells of 4-well chamber slides. Follow-
ing overnight incubation, cells were blocked with culture
medium containing 1% BSA at RT for 30 minutes and then
incubated with 10 µM of the NeutrAvidin/biotin-peptide
multimer in blocking buffer at 4°C for 1 hour. Cells were
fixed with 4% paraformaldehyde at RT for 10 minutes. For
co-localization, cells were incubated with the anti–KIM-1 
antibody at a 1:200 dilution in blocking buffer at RT for 2
hours and then incubated with an Alexa594-conjugated anti-
rabbit secondary antibody at a 1:200 dilution in blocking
buffer at RT for 1 hour. Cells were incubated with DAPI for
nuclear staining and with an anti-fade reagent prior to obser-
vation using a fluorescence microscope (Zeiss). For flow 
cytometry analysis, cells were harvested, blocked, and then
incubated with 10 µM of the NeutrAvidin/biotin-peptide
multimer in blocking buffer at 4°C for 1 hour. For competi-
tion of binding, different concentrations of the anti–KIM-1
antibody were pre-incubated at RT for 2 hours prior to incu-
bation with the NeutrAvidin/biotin-peptide multimer. Fol-
lowing incubation, cells were subjected to flow cytometry
(BD Bioscience).
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8. Fluorometric analysis of peptide and NeutrAvidin/
biotin-peptide multimer binding to KIM-1 

Black colored microplate wells (SPL Life Science, Pocheon,
Korea) were coated with 100 µL of 10 µg/mL BSA or KIM-1
in 0.1 M NaHCO3, pH 9.6 and incubated at 4°C, overnight.
The plates were blocked at RT for 1 hour with a blocking
buffer (1% BSA in PBS) and incubated with 100 µL of 5 µM

FITC-NeutrAvidin/biotin-peptide multimer in blocking
buffer at RT for 1 hour. After washing the plates, fluorescen-
ce intensity was measured using a fluorometer. 

9. Serum stability assays

Mouse blood was collected and allowed to clot. Serum was
obtained by centrifuging the blood clots twice at 4°C fol-

Cancer Res Treat. 2019;51(3):861-875

Fig. 1.  Biopanning of a phage library for peptides that selectively bind to the kidney injury molecule-1 (KIM-1) protein. (A)
Schematic diagram for phage library biopanning. The phage-displayed peptide library was incubated with bovine serum
albumin (BSA)–coated plates and the supernatant containing the unbound phages was then collected and incubated with
KIM-1 protein-coated plates. Phages that bound to KIM-1 were eluted with low pH glycine buffer and amplified for the next
round of biopanning. (B) Enrichment of phage titers during screening rounds. Five rounds of biopanning were performed
and the phage titer (pfu) after each round was measured. Numbers on bars represent the enrichment fold of the phage titer
at each round relative to the first round.
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lowed by filtration through a 0.22 µm filter. Each peptide (100

µg in 50 µL of PBS) was incubated with 50 µL of filtered

serum at 37°C for the indicated time periods. The incubated

samples were diluted 100-fold and fractionated by C18 

reverse phase fast performance liquid chromatography with

a linear gradient of acetonitrile. The peptide peak was col-

lected and analyzed.

10. Cytotoxicity assays

Cells (1!104 cells) were seeded in the wells of 96-well plates

and allowed to grow overnight. Cells were incubated with

the indicated concentration of peptide at 37°C for 24 hours.

Cells were then incubated with 10 µL of the CCK-8 dye 

(Dojindo, Kumamoto, Japan) mixed with 100 µL of culture

medium. Absorbance was measured with a microplate rea-

der at 450 nm.

11. In vivo imaging and histological analysis of tumor hom-
ing by peptide

Tumor cells (5!106 cells) were subcutaneously injected into

the right flank of 6-week-old BALB/c nu/nu female mice.

Tumor-bearing mice were injected via the tail vein with 20

nmol of flamma675 NIR dye (BioActs, Incheon, Korea)-con-

jugated peptide. In vivo fluorescence images were obtained

using an IVIS imaging system (Perkin Elmer, Waltham, MA)

at 2, 4, 8, and 24 hours after injection. At the end of in vivo
imaging, tumor and other organs were isolated and ex vivo
fluorescence images were taken. After taking the ex vivo ima-

ges, the tumors and organs were fixed with 4% paraformal-

dehyde for 2 hours and frozen for cryosection. Tissue slides

were incubated with the anti–KIM-1 antibody (1:200 dilu-

tion) at RT for 2 hours and with the Alexa594 anti-rabbit sec-

ondary antibody (1:200 dilution) at RT for 1 hour. Tissues

were mounted using mounting medium containing DAPI for 

nuclear staining and observed with a fluorescence micro-

scope.

12. Statistical analysis 

Statistical analysis was performed by Student’s t test and

a p-value of < 0.05 was considered as statistically significant.

13. Ethical statement

All animal experiments were approved by the Kyungpook

National University Animal Experiment Ethics Committee.

Results

1. Screening of a phage-displayed peptide library for pep-
tides that bind to the KIM-1 protein

An M13 phage library displaying CX7C random peptides

was screened in vitro to identify phage clones that bind to

KIM-1 protein-coated plates. The overall screening scheme

is shown in Fig. 1A. Following five rounds of screening, the

phage titer of the fifth round was enriched approximately 

10-fold compared to that of the first round (Fig. 1B). Twenty

phage clones were randomly picked from the third, fourth,

and fifth rounds and the peptide-coding DNA inserts of the

phage clones were sequenced (Table 1). Four phage clones

displaying the CNWMINKEC, CVPSKPGLC, CPKGDENTC,

and CPTSQRDNC sequences were chosen for further evalu-

ation, as they occurred more frequently than other phage

clones. 

2. Binding of phage clones to the KIM-1 protein and KIM-
1–overexpressing cells

The binding activity of individual phage clones to the KIM-

1 protein was examined by phage-binding ELISA. Compared

to the other phage clones, the CNWMINKEC peptide phage

clone showed higher levels of binding to the KIM-1 protein rel-

ative to BSA (Fig. 2A). Next, we examined the binding of the

phage clones to KIM-1–overexpressing cells. Immunofluores-

cence analysis showed that 769-P renal cancer cells and A549

lung cancer cells expressed higher levels of KIM-1 on the cell

surface than HEK-293 normal cells (Fig. 2B). The CNWMIN-

Md. Enamul Haque, KIM-1–Binding Peptide

Table 1. Amino acid sequences and frequency of peptide

candidates selected by phage display

Phage clone Amino acid sequence Frequency 
3R5 CNWMINKEC 3/20 (15)

4R5 CVPSKPGLC 3/20 (15)

4R14 CPKGDENTC 2/20 (10)

3R13 CPTSQRDNC 2/20 (10)

3R3 CVEKSAMSC 1/20 (5)

3R8 CLSTTEGYC 1/20 (5)

3R10 CIHSPTALC 1/20 (5)

3R11 CSLASTSHC 1/20 (5)

3R15 CLKPHSADC 1/20 (5)

3R19 CLHKSVSGC 1/20 (5)

3R24 CSSKHEATC 1/20 (5)

4R2 CSKMKIDHC 1/20 (5)

4R22 CSENSPLLC 1/20 (5)

5R23 CNQTEPFSC 1/20 (5)
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KEC-phage clone and CVPSKPGLC-phage clone demonstra-

ted higher levels of binding to KIM-1–overexpressing 769-P

cells than to KIM-1–low expressing HEK-293 cells compared

to the other phage clones and the control M13 insertless phage

clone (Fig. 2C). 

3. Binding of peptides to the KIM-1 protein and KIM-1–
expressing cells

To examine the binding of the CNWMINKEC and CVP-

SKPGLC peptides to the KIM-1 protein and KIM-1–overex-

pressing cells, the peptides were synthesized and conjugated

with a FITC green fluorescent dye at the amino terminus.

Analysis of peptide binding using a fluorometer showed that

Cancer Res Treat. 2019;51(3):861-875

Fig. 2.  Binding of phage clones to the kidney injury molecule-1 (KIM-1) protein and KIM-1–overexpressing cells. (A) Indi-

vidual phage clones were incubated with KIM-1–coated plates and the bound phage clones were determined by enzyme-

linked immunosorbent assay (ELISA). Bovine serum albumin (BSA) was used as a control. Data represent the absorbance at

450 nm as the mean±standard deviation (SD) of three separate experiments performed in triplicate. (B) Immunofluorescence

analysis of KIM-1 expression on cells. 769-P, A549, and HEK-293 cells were incubated with an anti–KIM-1 antibody or IgG

control (red). The nucleus was stained with DAPI (blue), and images were merged with the KIM-1 staining. Scale bars=20

µm. (C) Individual phage clones were incubated with 769-P and HEK-293 cells and the bound phage clones were measured

by ELISA. Data represent the absorbance at 450 nm as the mean±SD of three separate experiments performed in triplicate. 
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the CNWMINKEC peptide bound to the KIM-1 protein at

higher levels than to BSA (Fig. 3A). The binding of the CVPSK-

PGLC and control peptides to the KIM-1 protein were similar

to their binding to BSA and were much lower than the CNW-

MINKEC peptide (Fig. 3A). Flow cytometry analysis demon-

strated that the percent binding of the CNWMINKEC peptide

to 769-P cells was approximately four-fold higher than to

HEK-293 cells (21% and 5%, respectively) (Fig. 3B), while the

percent binding of CVPSKPGLC to 769-P cells was similar to

the binding of HEK-293 cells (10% and 8%, respectively) 

(Fig. 3B and C). In addition, the percent binding of CNWMI-

NKEC to A549 lung tumor cells was approximately three-fold

higher than to HEK-293 cells (approximately 20% and 6%, 

respectively) (Fig. 3D and E). These results indicate that the

CNWMINKEC peptide preferentially binds to the KIM-1 pro-

tein and KIM-1–overexpressing cells compared to albumin

Md. Enamul Haque, KIM-1–Binding Peptide

Fig. 3.  Binding of peptides to the kidney injury molecule-1 (KIM-1) protein and KIM-1–overexpressing cells. (A) Binding of

the CNWMINKEC and CVPSKPGLC peptides to KIM-1 protein relative to bovine serum album (BSA)–coated enzyme-

linked immunosorbent assay plates was determined by fluorometry. Data represent arbitrary units at 470 nm as the

mean±standard deviation (SD) of three separate experiments performed in triplicate. n.s., not significant; **p < 0.01 by Stu-

dents t test. (B) 769-P and HEK-293 cells were incubated with the CNWMINKEC and CVPSKPGLC peptides labeled with

FITC and were subjected to flow cytometry. Data represent the percent binding of the peptide to the cells as the mean±SD

of three separate experiments. (C) Representative histograms were shown. (Continued to the next page)
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and KIM-1–low expressing cells, respectively. 

4. Binding of the CNWMINKEC peptide multimer to the
KIM-1 protein and KIM-1–overexpressing cells

Biotin-labeled CNWMINKEC peptide was incubated with

NeutrAvidin to form a multimeric complex using the biotin-

avidin interaction. The binding of the NeutrAvidin/biotin-

CNWMINKEC multimer to KIM-1 protein was higher than

to the BSA control, while NeutrAvidin itself showed only

minimal levels of binding to both proteins (Fig. 4A). Immu-

nofluorescence analysis demonstrated that the binding of the

NeutrAvidin/biotin-CNWMINKEC multimer to 769-P cells

was higher than to HEK-293 cells, while the binding of Neu-

trAvidin to 769-P cells was negligible (Fig. 4B). The percent

binding of the NeutrAvidin/biotin-CNWMINKEC multimer

to 769-P cells was approximately four-fold higher than to

HEK-293 cells, as determined by flow cytometry (38% and

9%, respectively) (Fig. 4C). The NeutrAvidin/biotin-CNWM-

INKEC multimer co-localized with KIM-1 on 769-P cells, as

observed by confocal fluorescence microscopy following 

co-staining with the anti–KIM-1 antibody (Fig. 4D). Further-

Fig. 3.  (Continued from the previous page) (D) A549 and HEK-293 cells were incubated with the CNWMINKEC peptide labeled

with FITC and were subjected to flow cytometry. Data represent the percent binding of the peptide to the cells as the

mean±SD of three separate experiments. (E) Representative histograms were shown. n.s., not significant; **p < 0.01 by Stu-

dents t test. 
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more, pre-treatment of 769-P cells with the anti–KIM-1 anti-

body reduced the subsequent binding of the NeutrAvidin/

biotin-CNWMINKEC multimer in a dose-dependent man-

ner, while minimal effect was observed in HEK-293 cells 

(Fig. 4E). These results suggest that the binding of CNWM-

INKEC to 769-P cells is specifically mediated by KIM-1.

Md. Enamul Haque, KIM-1–Binding Peptide

Fig. 4.  Binding of the CNWMINKEC peptide multimer to the kidney injury molecule-1 (KIM-1) protein and KIM-1–overex-

pressing cells. (A) Binding of the NeutrAvidin/biotin-CNWMINKEC peptide multimer to KIM-1 protein relative to bovine

serum albumin (BSA)–coated enzyme-linked immunosorbent assay plates was determined by fluorometry. Data represent

arbitrary units at 470 nm as the mean±standard deviation (SD) of three separate experiments performed in triplicate. n.s.,

not significant; **p < 0.01 by Students t test. (B) 769-P and HEK-293 cells were incubated with the FITC-labeled NeutrAvidin

or NeutrAvidin/biotin-CNWMINKEC peptide multimer (green) and DAPI for nuclear staining (blue). Cells were observed

with an immunofluorescence microscope. Scale bars=20 µm. (C) 769-P and HEK-293 cells were incubated with the FITC-

labeled NeutrAvidin or NeutrAvidin/biotin-CNWMINKEC peptide multimer and subjected to flow cytometry. Data rep-

resent the percent binding of the peptide to the cells as the mean±SD of three separate experiments. n.s., not significant; 

**p < 0.01 by Students t test. (D) Co-localization assays; 769-P cells were incubated with the FITC-labeled NeutrAvidin/

biotin-CNWMINKEC peptide multimer (green), anti–KIM-1 antibody (red), and DAPI for nuclear staining (blue). Cells were

observed under a confocal microscope. Scale bars=20 µm. (Continued to the next page)
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5. Cytotoxicity and serum stability of the CNWMINKEC
peptide

To examine the non-specific cytotoxicity of the CNWMI-
NKEC peptide, 769-P and HEK-293 cells were incubated with
different concentrations of the CNWMINKEC peptide for 24
hours. Treatment of the cells with the CNWMINKEC peptide
did not significantly affect cell viability (Fig. 5A), suggesting
that the CNWMINKEC peptide itself has no cytotoxicity. To
examine the serum stability of the CNWMINKEC peptide, it
was incubated with mouse serum for up to 24 hours and the
amount of the peptide present over a period of time was ana-
lyzed. The peptide peak was separable from the non-specific
serum peaks and was not significantly reduced up to 24 hours
(Fig. 5B). These results suggest that the CNWMINKEC peptide
is stable in the serum for up to 24 hours.

6. In vivo imaging and detection of KIM-1–overexpressing
tumor using the CNWMINKEC peptide

As 769-P cells do not form tumors in mice, we used A498
cells, another renal tumor cell line, as a KIM-1–overexpressing
tumor model. In addition, we used HepG2 liver tumor cells as
a KIM-1–low expressing tumor model. Immunofluorescence
analysis showed that A498 and ACHN renal tumor cells highly

express KIM-1, while HepG2 cells little express KIM-1 (Fig. 6A).
The percent binding of the CNWMINKEC peptide to A498 and
ACHN cells was approximately six-fold higher than that to
HepG2 cells (23% and 26% vs. 4%) (Fig. 6B). Mice bearing A498
or HepG2 tumor were intravenously injected with the fla-
mma675 NIR fluorescence dye-labelled CNWMINKEC and
control peptide. Whole body fluorescence imaging showed 
enhanced fluorescence signals at KIM-1–overexpressing A498
tumor by the homing and accumulation of the CNWMINKEC
peptide at 2-, 4-, and 8-hour post injection with a decline at 24
hours, while minimal signals were detected at A498 tumor by
the control peptide (Fig. 6C). Only minimal or background sig-
nals were detected with either the CNWMINKEC or control
peptide at KIM-1–low expressing HepG2 tumor (Fig. 6C). Ex
vivo fluorescence images of isolated organs further demon-
strated higher levels of fluorescence signals at A498 tumor in
mice injected with the CNWMINKEC peptide compared to
control peptide, whereas little signals were detected at HepG2
tumor (Fig. 6D and E). Compared to A498 tumor, much lower
levels of fluorescence signals were observed at the liver, lungs,
and kidneys of mice injected with either the CNWMINKEC or
control peptide (Fig. 6D and E), suggesting selective homing
of the CNWMINKEC peptide to KIM-1–overexpressing tumor.
In addition, immunohistochemical examination of tissues
demonstrated that the CNWMINKEC peptide co-localized
with KIM-1 at tumor tissues, as detected by staining with an
anti–KIM-1 antibody (Fig. 6F). Accumulation of either the CNW-
MINKEC or control peptide in kidney tissues was not detected
(Fig. 6F), suggesting that the ex vivo fluorescence signals at the
kidney were not due to accumulation in the kidney, but rather
to urinary excretion of the peptides.

Discussion

By screening a phage displayed-peptide library, we iden-
tified the CNWMINKEC peptide that was able to bind to the
KIM-1 protein and KIM-1–overexpressing cells. The CNW-
MINKEC peptide selectively bound to purified KIM-1 pro-
tein over albumin. In addition, it bound to KIM-1–overex-
pressing 769-P, A498, and ACHN renal tumor cells as well
as A549 lung tumor cells at higher levels than to HEK-293
normal cells and KIM-1–low expressing HepG2 liver tumor
cells. The biotin-CNWMINKEC peptide multimer, generated
via the interaction between biotin and avidin, also selectively
bound to the KIM-1 protein and KIM-1–overxpressing tumor
cells. The CNWMINKEC peptide multimer co-localized with
KIM-1 on KIM-1–expressing cells, and this binding was inhi-
bited by pre-treating the cells with an anti–KIM-1 antibody.
These results indicate that the binding of the CNWMINKEC

Cancer Res Treat. 2019;51(3):861-875

Fig. 4.  (Continued from the previous page) (E) Competition
assays; 769-P and HEK-293 cells were pre-incubated with
the indicated concentrations of the anti–KIM-1 antibody
and then with the NeutrAvidin/biotin-CNWMINKEC
peptide multimer prior to analysis using flow cytometry.
Data represent the percent binding of the peptide to the
cells as the mean±SD of three separate experiments. *p <
0.05, **p < 0.01 by Students t test.
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peptide to the KIM-1–overexpressing cells is mediated by

KIM-1. The CNWMINKEC peptide was accumulated in

KIM-1–overexpressing, but not in KIM-1–low expressing,

tumor tissues in vivo, while only minimal accumulation was

observed in other organs including the liver and kidneys.

The CNWMINKEC peptide did not cause non-specific cyto-

toxicity in cells and was stable for up to 24 hours in serum.

These findings suggest that the CNWMINKEC peptide is a

promising probe for non-invasive in vivo imaging and detec-

tion of KIM-1–overexpressing tumors. 

Md. Enamul Haque, KIM-1–Binding Peptide

Fig. 5.  Cytotoxicity and serum stability of the CNWMINKEC peptide. (A) 769-P and HEK-293 cells were incubated with the

indicated concentrations of the CNWMINKEC or control peptide for 24 hours. Cell cytotoxicity was determined using the

CCK-8 assay. Data represent the mean±standard deviation of three independent experiments performed in triplicate. (B)

The CNWMINKEC peptide was incubated with mouse serum at 37°C for the indicated time periods and samples were frac-

tionated by C18 reverse-phase fast performance liquid chromatography. Samples containing peptide or serum only were

used as controls. The Y axis represents milli-absorbance unit (mAU) at 215 nm. The X axis represents the retention time in

minutes. The peptide peak is indicated by an arrow separable from the serum peaks.
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Fig. 6.  In vivo imaging and detection of tumor by the CNWMINKEC peptide. (A) Immunofluorescence analysis of kidney

injury molecule-1 (KIM-1) expression. ACHN, A498 and HepG2 cells were incubated with an anti-KIM-1 antibody or IgG

control (red). The nucleus was stained with DAPI (blue), and images were merged. Scale bars=20 µm. (B) Flow cytometry

analysis of peptide binding to cells. ACHN, A498, and HepG2 cells were incubated with the indicated peptide labeled with

FITC. Following incubation, cells were subjected to flow cytometry. Data represent the percent binding of each peptide to

cells as the mean±standard deviation (SD) of three separate experiments. n.s., not significant; **p < 0.01 by Students t test.

(C) The Flamma675 NIR dye-labeled CNWMINKEC or control peptide was intravenously injected into mice bearing A498

and HepG2 tumors. In vivo whole-body fluorescence images were taken at the indicated time points post injection. Dotted

circles indicate the tumor location. Scale bars indicate normalized fluorescent intensity. (Continued to the next page)
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Md. Enamul Haque, KIM-1–Binding Peptide

Fig. 6.  (Continued from the previous page) (D) Ex vivo fluorescence images of A498 and HepG2 tumors and other organs isolated

from mice 24-hour post injection with the CNWMINKEC or control peptide. Scale bars indicate the normalized fluorescence

intensity. (E) Quantification of the ex vivo fluorescence intensities of tumor and control organs in D. Data are presented as

the mean±SD of intensities obtained from three mice per group. n.s., not significant; ***p < 0.001 by Students t test. (F) His-

tological analysis of CNWMINKEC peptide homing to organs. The tissues in D were frozen and sections of the frozen tumor

and kidney tissues were incubated with the anti–KIM-1 antibody (red) and DAPI for nuclear staining (blue). Flamma675-

labeled CNWMINKEC or control peptide is shown in yellow. Scale bars=50 µm.
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KIM-1 has been used as an immunohistochemical marker
for the diagnosis of certain types of tumors, including RCC
and ovarian clear cell carcinoma, in which KIM-1 expression
is up-regulated [15,18,19]. Moreover, KIM-1 expression is 
related to a more malignant phenotype of RCC and shedding
of the ectodomain has been associated with tumor advance-
ment [27]. Yet, this does not provide information regarding
the location of primary and metastatic RCC. Positron emis-
sion tomography (PET) that is based on the uptake of 18F-flu-
oro-2-deoxy-2-D-glucose (FDG) by tumor cells has been
extensively used for the detection of tumors. Unlike to most
other tumors, however, FDG-based PET is limited for pri-
mary RCC due to physiological excretion of FDG through
the urine and reabsorption in the kidney tubule, which
causes non-specific signals and decreases contrast between
tumor lesions and normal tissues of the kidney [28]. In this
study, we found that the CNWMINKEC peptide was almost
not detected in normal tissues of the kidney in mice when
examined 24 hours after the injection. These results suggest
that the KIM-1–binding CNWMINKEC peptide holds a 
potential as an imaging probe for the detection of primary as
well as metastatic RCC.

In addition to its use as a diagnostic biomarker, KIM-1 is a
useful therapeutic target. An anti–KIM-1 antibody-drug con-
jugate has been developed as potential therapy for ovarian,
lung, and renal cell carcinomas expressing KIM-1 [19,29].
Owing to the efficient tissue penetration ability of small-
sized peptides, the CNWMINKEC peptide could be used as
a promising targeting moiety for a peptide-drug conjugate
for cancer therapy. Moreover, drug-loaded nanoparticles 
labeled with the CNWMINKEC peptide multimer may be
delivered to KIM-1–overexpressing tumors with enhanced
specificity as well as possess enhanced therapeutic efficacy.

A protein database search revealed several proteins homo-
logous to the CNWMINKEC peptide sequence. For example,

CNWMINKEC has homology with the 959WMIDSEC965 sequ-
ence of the receptor tyrosine kinase ErbB-2 isoform, the
167NWLINEC173 sequence of the transmembrane protease ser-
ine 11D, and the 2192MINKE2196 sequence of the WD repeat-
containing protein 87 isoform 1. Further studies on the inter-
action of KIM-1 with the proteins mentioned above may pro-
vide useful information for identifying a potential endoge-
nous ligand that binds to KIM-1 up-regulated in tumor and
kidney injury. 

To the best of our knowledge, this is the first report to iden-
tify a phage library-derived peptide that binds to KIM-1 pro-
tein and use it for non-invasive detection of KIM-1–over-
expressing tumors in vivo. In addition to its use as an imaging
probe, the peptide could be conjugated with nanoparticles
containing therapeutic agents, or directly conjugated with a
drug (peptide-drug conjugate) and used for selective drug
delivery to tumor tissues, thus enhancing the local concen-
tration of the drug(s), while reducing their side effects. In this
context, the KIM-1–binding CNWMINKEC peptide could be
a cost-effective alternative to anti–KIM-1 antibodies as a dia-
gnostic and therapeutic tool for the detection and treatment
of cancers overexpressing KIM-1. 
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Purpose

The purpose of this study was to compare prognostic differentiation performances of the

7th and the 8th edition of American Joint Committee on Cancer (AJCC) staging system for

gastric cancer (GC) patients.

Materials and Methods

A total of 1,633 GC patients who underwent curative D2 resection followed by adjuvant

chemotherapy alone (CA) or concurrent chemo-radiotherapy (CCRT) from 2004 to 2013

were included. Concordance index (c-index) was applied to compare the discriminatory abil-

ity.

Results

In the 8th edition, migration of stage was detected in 248 patients (15.2%). Among them,

121 patients were up-staged while 127 patients were down-staged. Overall, there was no

statistically significant difference in the discriminatory ability between the 7th and 8th edi-

tions. The new edition of staging system, however, showed a trend of better prognostic per-

formance not only in recurrence-free survival (c-index=0.734; 95% confidence interval [CI],

0.706 to 0.762 in the 7th edition vs. c-index=0.740; 95% CI, 0.712 to 0.768 in the 8th edi-

tion; p=0.14), but also in overall survival (c-index=0.717; 95% CI, 0.688 to 0.745 in the 7th

edition vs. c-index=0.722; 95% CI, 0.694 to 0.751 in the 8th edition; p=0.19), especially in

stage III. This finding was repeated in the subgroup analysis regardless of adjuvant CA or

CCRT.      

Conclusion

Generally, the 8th edition of AJCC staging system had failed to show a superior discrimina-

tory ability for curatively D2 resected GC patients than the 7th edition, although there was

a trend of better prognostic performance of the new edition, regardless of adjuvant treat-

ment method. 
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Introduction

Stomach cancer is the second most common malignant
tumor and the third most common cause of cancer-related
death in Korea [1]. Although its incidence has been decreas-
ing, stomach cancer remains one of the most common causes
of cancer-related mortality worldwide [2,3]. 

Like other malignancies, tumor (T), node (N), metastasis
(M) staging system for stomach cancer developed by the
American Joint Committee on Cancer (AJCC) is most widely
accepted and commonly used worldwide to predict progno-
sis and determine treatment strategy [4,5]. Recently, the new
8th edition of AJCC TNM staging system has been imple-
mented in oncologic fields, including the management of
stomach cancer [6].

Although this new version of the AJCC staging system has
been validated with several retrospective cohorts [7-11], its
validation in group treated homogeneously including D2 
resection and adjuvant treatment has not been reported, par-
ticularly in those receiving adjuvant concurrent chemo-
radiotherapy (CCRT).

Based on such background, we performed this retrospec-
tive study to compare the 7th and the 8th editions of AJCC
TNM staging system for stomach cancer patients with non-
metastatic D2-resected pathologic lymph node (LN) metas-
tasis who received adjuvant chemotherapy or CCRT. 

Materials and Methods

1. Patients

From institutional registry database, data of stomach can-
cer patients who had received curative D2, R0 resection with
LN metastasis confirmed pathologically at Samsung Medical
Center from December 2004 to January 2013 were collected.
Patients were excluded in the present study according to the
following criteria: (1) distant metastasis or peritoneal seeding
on or before surgery; (2) coexisting or newly diagnosed 
malignancies within one year from the date of stomach can-
cer operation; (3) patients who did not receive adjuvant treat-
ment or could not confirm whether adjuvant treatment was
administered, or (4) patients who showed recurrence or had
follow-up loss within two months from the date of opera-
tion.

Efficacy evaluation of adjuvant CCRT compared to adju-
vant chemotherapy alone (CA) with the same study popula-
tion group has been reported in another publication [12]. 

2. Adjuvant treatment

ARTIST (Adjuvant Chemoradiation Therapy in Stomach
Cancer) trial, a randomized phase III study comparing adju-
vant CCRT with CA in D2 resected stomach cancer, was con-
ducted during the period of this study. All eligible patients
were recommended to participate in this trial. Patients con-
sented to enroll in ARTIST trial received CCRT (two cycles
of capecitabine and cisplatin [XP] followed by 45 Gy of exter-
nal beam radiotherapy (RT) in 25 fractions with capecitabine
and then two additional cycles of XP) or six cycles of XP 
according to the protocol based on randomization [13]. If 
patient was ineligible or refused to enroll in the ARTIST trial,
we recommended adjuvant CCRT according to INT-0116
protocol (one cycle of fluorouracil and leucovorin [FL] fol-
lowed by 45 Gy of external beam RT in 25 fractions with FL)
[14,15]. Details of radiotherapy are described in the other
publication.

After outcomes of randomized phase III trials demonstrat-
ing the superiority of adjuvant chemotherapy in Korean and
Japanese, S-1 or capecitabine and oxaliplatin (XELOX) were
also used as valuable options as adjuvant treatment for stom-
ach cancer [16,17]. The decision of adjuvant CCRT or CA was
made by the patient after obtaining sufficient explanation
from the medical oncologist. 

3. Follow-up

Adjuvant treatment with either CA or CCRT was deter-
mined by the medical oncologist with full informed consent
of patients at 4 to 6 weeks after the surgery. After completion
of adjuvant treatment, regular follow-up was conducted
every 3 months in the first year, every 6 months during the
next 2 years, and then yearly thereafter. Recurrence of dis-
ease was diagnosed with pathologic examination as much as
possible or with radiologic examinations.

4. Statistical analysis

All enrolled patients were staged using the 7th and the 8th
staging system for analysis. Recurrence-free survival (RFS)
and overall survival (OS) were calculated from the date of
operation to the date of event (recurrence and death, respec-
tively) detection or the last follow-up. They were estimated
using the Kaplan-Meier method and compared using the log-
rank test. The significance of survival prediction for each
staging system was assessed using Cox proportional-hazards
regression analysis. Harrell’s concordance index (c-index), a
common measure of predictive power [18], was applied to
compare two prognostic systems using a package compare
in R ver. 3.4.3 (Vienna, Austria; http://www.R-project.org/).
All statistical analyses were performed using SAS ver. 9.4
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(SAS Institute Inc., Cary, NC) and R 3.4.3. Statistical signifi-

cance was considered at p < 0.05.  

5. Ethical statement

The present study was approved by the Institutional 

Review Board of Samsung Medical Center (IRB No. 2018-06-

113). The necessity of written informed consent was waived

due to its retrospective nature.

Results

1. Patients 

Among 11,714 patients operated and registered in Sam-

sung Medical Center registry of stomach cancer from Decem-

ber 2004 to January 2013, a total of 1,633 patients with D2

resected and pathologic LN metastasis (909 patients treated

with adjuvant CCRT and 724 patients treated with adjuvant

CA) who satisfied the eligibility of the present study were 

finally enrolled. Details of the information about patient 

selection were reported in the previous study [12]. The 

median follow-up of all patients was 65.4 months (range, 3.9

to 141.7 months).

Baseline characteristics of all enrolled patients are summa-

rized in Table 1. Median age of these patients was 55 years

(range, 22 to 84 years). About 35% of all patients received

total gastrectomy. Median numbers of dissected and meta-

static LN were 44 (range, 15 to 142) and 4 (range, 1 to 54), 

respectively. Specific baseline characteristics according to 

adjuvant CCRT or CA are presented in S1 Table. Between the

two groups, there was a significant difference in N category

in contrast to T category.

2. Comparison of stage difference between the 7th and the
8th edition

The distribution of patients according to each edition of

staging system is shown in Fig. 1. Six of 371 stage IIB patients

(1.6%) and 40 of 360 stage IIIA patients (11.1%) according to

the 7th edition of AJCC staging system were reclassified as

IIIB stage according to the 8th edition of AJCC staging sys-

tem. Of 298 patients with stage IIIB based on the 7th edition,

75 patients (25.2%) were changed to stage IIIC while 60 

patients (20.1%) were changed to stage IIIA in the new stag-

ing system (the 8th edition). In addition, 67 of 115 patients

(58.2%) with stage IIIC previously were redistributed to stage

IIIB in the 8th edition of the staging system. Outcomes of

stage redistribution by the 7th and the 8th AJCC staging sys-

Table 1. Baseline characteristics of all enrolled patients 

LN, lymph node; RT, radiotherapy. a)Fifty-eight patients

had received only 5-fluorouracil (5-FU) and leucovorin

chemotherapy according to the INT-0116 protocol without

RT, b)Other treatments used in 13 patients were as follows:

TS-1 and capecitabine (6), tegafur/uracil (2), capecitabine

(1), TS-1/oxaliplatin (1), etoposide/cisplatin (1), 5-FU/

epirubicin/cisplatin (1), and tremelimumab (1) were used

in these patients.  

Variable No. of patients (%)
Age (yr) 55 (22-84) 

Sex
Male 1,056 (64.7) 

Female 577 (35.3)

Type of operation 
Total 571 (35.0)

Subtotal 1,062 (65.0)

Classification of Lauren
Intestinal 550 (33.7)

Diffuse 815 (49.9)

Mixed 15 (0.9)

Unclassified 253 (15.5)

No. of dissected LN 44 (15-142)

No. of LN metastases 4 (1-54)

T category
T1 256 (15.7)

T2 698 (42.7)

T3 465 (28.5)

T4a 197 (12.1)

T4b 17 (1.0)

N category
N1 556 (34.0)

N2 500 (30.6)

N3a 257 (25.4)

N3b 120 (10.0)

Lymphatic invasion
Yes 1,212 (74.2)

No 421 (25.8)

Venous invasion
Yes 258 (15.8)

No 1,375 (84.2)

Perineural invasion
Yes 762 (46.7)

No 871 (53.3)

Adjuvant protocol
INT-0116 836a) (51.2)

ARTIST 272 (16.7)

ACT-GC 489 (29.9)

CLASSIC 23 (1.4)

Other 13b) (0.8)
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tem for enrolled patients according to adjuvant treatment are

presented in S2 Fig.

3. Comparison of the performance in recurrence and RFS

Table 2 shows results of crude recurrence rates for each

stage classified according to the two staging systems. As a

prognostic factor for recurrence, both the 7th and 8th staging

systems showed statistically significant stratification ability

in term of recurrence rate according to each stage (both p <

0.001). Although the 8th AJCC staging system showed better

discrimination ability between stage IIIA and IIIC, the most

advanced stages, there was no statistically significant differ-

ence in prognosticator ability of recurrence rate between the

two staging systems (p=0.14; c-index 0.734; 95% confidence

interval [CI], 0.706 to 0.762 in 7th vs. c-index 0.740; 95% CI,

0.712 to 0.768 in 8th). The same tendency appeared in sub-

group analysis depending on the presence of adjuvant CA

(p=0.22; c-index 0.722; 95% CI, 0.680 to 0.764 in 7th vs. 

c-index 0.727; 95% CI, 0.685 to 0.769 in 8th) or CCRT (p=0.26;

c-index 0.748; 95% CI, 0.711 to 0.785 in 7th vs. c-index 0.755;

95% CI, 0.718 to 0.793 in 8th). There was no noticeable differ-

ence in discrimination ability between the 7th and the 8th

staging systems in the subgroup of adjuvant CA as well as

CCRT, although the new staging system showed significant

difference in recurrence rate between stage IIIB and IIIC.

Such difference was not detected in the old staging system.

Analysis of RFS reaffirmed those finding that there was no

statistically significant difference, but more noticeable dis-

crimination of survival curves for stage IIIA to IIIC in the 8th

edition than that in the 7th edition. This trend was identified

regardless of adjuvant CA or CCRT treatment. Kaplan-Meier

curves of RFS according to the 7th and the 8th AJCC staging

system are presented in Fig. 2.

4. Comparison of the performance in death and OS

Of 404 patients (24.7%) died during the follow-up, 165

(22.8%) were adjuvant CA group patients and 239 (23.3%)

were adjuvant CCRT group patients. Crude death rate for

each stage was classified according to the two staging sys-

tems. Results are shown in S3 Table. 

As a prognostic factor for death, both the 7th and 8th stag-

ing systems showed statistically significant stratification abil-

ity according to each stage (both p < 0.001). Although there

was no statistical difference in the prognosticator ability of

Fig. 1.  The number of patients redistributed in the 8th edition from the 7th edition of the American Joint Committee on

Cancer (AJCC) staging system for gastric cancer is displayed. The solid line indicates upstaging while the dot line indicates

downstaging.
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crude death rate between the two staging systems (p=0.19;
c-index 0.717; 95% CI, 0.688 to 0.745 in 7th vs. c-index 0.722;
95% CI, 0.694 to 0.751 in 8th), the 8th edition generally
showed better discrimination ability between stages IIB and
IIIC than the 7th edition. Similar finding was also found for
adjuvant CA systems (p=0.22; c-index 0.702; 95% CI, 0.657 to
0.746 in 7th vs. c-index 0.708; 95% CI, 0.664 to 0.752 in 8th) or
CCRT (p=0.49; c-index 0.727; 95% CI, 0.689 to 0.764 in 7th vs.

c-index 0.731; 95% CI, 0.694 to 0.768 in 8th) subgroups 
(S4 Table). 

In the analysis of OS, the 8th edition showed better dis-
criminatory ability in OS curves, especially in advanced
stages. This finding was also repeated regardless of adjuvant
CA or CCRT treatment. Kaplan-Meier curves of OS accord-
ing to the 7th and 8th AJCC staging systems are presented
in Fig. 3. 

Table 2.  Comparison of recurrence rate prediction between the 7th and the 8th edition of AJCC staging system

Group System Stage
No. of Recurrence, 

HR 95% CI p-value
patients n (%)

All 7th IB 146 3 (2.1) < 0.001
IIA 343 30 (8.7) IBa) vs. IIA 4.32 1.32-14.16 0.020
IIB 371 61 (16.4) IIAa) vs. IIB 2.09 1.35-3.24 < 0.001
IIIA 360 106 (29.4) IIBa) vs. IIIA 1.91 1.39-2.62 < 0.001
IIIB 298 150 (50.3) IIIAa) vs. IIIB 2.03 1.58-2.60 < 0.001
IIIC 115 69 (60.0) IIIBa) vs. IIIC 1.38 1.04-1.84 0.030

8th IB 146 3 (2.1) < 0.001
IIA 343 30 (8.7) IBa) vs. IIA 4.33 1.32-14.17 0.020
IIB 365 59 (16.2) IIAa) vs. IIB 2.05 1.32-3.18 0.001
IIIA 380 112 (29.5) IIBa) vs. IIIA 1.95 1.42-2.67 < 0.001
IIIB 276 136 (49.3) IIIAa) vs. IIIB 1.93 1.50-2.48 < 0.001
IIIC 123 79 (64.2) IIIBa) vs. IIIC 1.70 1.29-2.24 < 0.001

CA 7th IB 70 3 (2.1) < 0.001
IIA 175 30 (8.7) IBa) vs. IIA 2.20 0.64-7.53 0.210
IIB 184 59 (16.2) IIAa) vs. IIB 2.60 1.45-4.66 0.001
IIIA 135 112 (29.5) IIBa) vs. IIIA 1.65 1.07-2.55 0.020
IIIB 111 136 (49.3) IIIAa) vs. IIIB 1.66 1.11-2.48 0.010
IIIC 49 79 (64.2) IIIBa) vs. IIIC 1.56 1.00-2.44 0.050

8th IB 70 3 (4.3) < 0.001
IIA 175 16 (9.1) IBa) vs. IIA 2.20 0.64-7.54 0.020
IIB 183 37 (20.2) IIAa) vs. IIB 2.54 1.41-4.56 0.002
IIIA 156 51 (32.7) IIBa) vs. IIIA 1.73 1.13-2.64 0.010
IIIB 100 49 (49.0) IIIAa) vs. IIIB 1.67 1.14-2.47 0.010
IIIC 40 27 (67.5) IIIBa) vs. IIIC 1.92 1.20-3.08 0.007

CCRT 7th IB 76 0 ( < 0.001
IIA 168 14 (8.3) IBa) vs. IIA 6.51 0.90-47.23 0.060
IIB 187 23 (12.3) IIAa) vs. IIB 1.58 0.83-3.00 0.160
IIIA 225 63 (28.0) IIBa) vs. IIIA 2.54 1.60-4.02 < 0.001
IIIB 187 97 (51.9) IIIAa) vs. IIIB 2.20 1.62-2.99 < 0.001
IIIC 66 39 (59.1) IIIBa) vs. IIIC 0.74 0.48-1.16 0.190

8th IB 76 0 ( < 0.001
IIA 182 14 (8.3) IBa) vs. IIA 4.91 0.77-31.31 0.090
IIB 183 22 (12.1) IIAa) vs. IIB 1.52 0.76-3.04 0.023
IIIA 224 61 (27.2) IIBa) vs. IIIA 2.51 1.52-4.16 < 0.001
IIIB 176 87 (49.4) IIIAa) vs. IIIB 2.04 1.45-2.87 < 0.001
IIIC 83 52 (62.7) IIIBa) vs. IIIC 2.25 1.62-3.13 < 0.001

AJCC, American Joint Committee on Cancer; HR, hazard ratio; CI, confidence interval; CA, chemotherapy alone; CCRT,
concurrent chemo-radiotherapy. a)Reference.
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Fig. 2.  Kaplan-Meier curves of recurrence-free survival according to the 7th versus the 8th edition of American Joint Com-
mittee on Cancer staging system. More clear discrimination of survival curves between stage IIIA to IIIC is shown in the 8th
edition than that in the 7th edition for all (7th edition in A vs. 8th edition in B), CA (7th edition in C vs. 8th edition in D), and
concurrent chemo-radiotherapy (7th edition in E vs. 8th edition in F) patients.
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Fig. 3.  Kaplan-Meier curves of overall survival according to the 7th versus the 8th edition of American Joint Committee on
Cancer staging system. More clear discrimination of survival curves for stages IIIA to IIIC was shown in the 8th edition than
that in the 7th edition for all (7th edition in A vs. 8th edition in B), chemotherapy alone (7th edition in C vs. 8th edition in D),
and concurrent chemo-radiotherapy (7th edition in E vs. 8th edition in F) patients.
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Discussion

The present study was performed to evaluate whether the
8th edition was superior to the 7th edition of AJCC staging
system in D2 resected gastric cancer patients with LN metas-
tasis who received adjuvant CA or CCRT. Overall, the supe-
riority of 8th edition than 7th edition was not identified in
non-metastatic D2 resected gastric cancer (GC) patients
treated with adjuvant CCRT or CA, both in the aspect of RFS
as well as OS, though there was a trend of better prognostic
performance in 8th edition for advanced stage (IIIA to IIIC). 

The presence of a widely accepted standardized staging
system known to be strongly associated with prognosis is 
essential for proper management and research of tumor. 
Although several staging systems or prognostic factors have
been suggested with the development of oncology [19-22],
the AJCC staging system has been most widely accepted and
used. In response to changes in tumor research and treatment
techniques, the AJCC staging system is also undergoing con-
stant modification. The 8th edition of the AJCC staging sys-
tem was announced in 2016 and started to be used in 2018.

Based on data of the International Gastric Cancer Associa-
tion (IGCA), the 8th edition has been suggested to be supe-
rior to the 7th edition AJCC staging system in discriminatory
ability for prognosis in terms of OS for each stage [23]. The
performance of the 8th edition for prognostic separation is
also clearly validated for U.S. population using National
Cancer Database (NCDB) data [23]. This edition has also
been successfully validated with large cohort of single 
Korean institution. It has been revealed that the new edition
has superior prognostic discrimination for stage III disease
[8].

It is well known that characteristics and prognosis of gas-
tric cancer are clearly different between Eastern and Western
populations [24]. Naturally, therapeutic approaches for Wes-
tern and the Eastern populations remained controversial in
despite of outcomes of several randomized phase III studies.
In particular, the effect of D2 resection and the role of adju-
vant RT after D2 resection remain debatable [14,25-28]. For
this reason, adjuvant RT is rarely used in Eastern countries
including Korea and Japan where D2 resection is accepted as
a standard surgical procedure. 

In our institution, D2 resection is performed as a standard
procedure in stomach cancer. The ARTIST study, a random-
ized phase III trial to confirm the role of adjuvant RT after
D2 resection was conducted by our institution [13,29,30]. In
addition, ARTIST-II trial is ongoing based on possible bene-
ficial effects of adjuvant RT in the subgroup of patients with
LN metastasis in ARTIST study. Therefore, the cohort of our
institution could be one of the best candidates to compare
the performance of the 7th and the 8th AJCC staging systems,

according to whether adjuvant CCRT or CA alone was used
for non-metastatic D2 resected gastric cancer. 

In this study, the 8th edition of AJCC staging system had
failed to show a superior discrimination ability than the 7th
edition for non-metastatic D2 resected GC patients with LN
metastasis treated with adjuvant CA and CCRT. The new
staging system, however, showed higher prognostic discrim-
inatory ability than the 7th edition regardless of whether 
adjuvant RT was used in stage III. In the new edition, the
most important change in the staging system was that it 
emphasized the importance of the number of metastatic
lymph nodes. N3b disease defined as 16 or more LNs metas-
tases were upstaged in the new edition. Significant differ-
ences in prognosis according to LN stage including N3b
stage have also been confirmed in our previous study based
on the same cohort [12]. Based on the more distinct prognos-
tic difference of the 8th edition of AJCC stating system, it
could be possible to more accurately select management and
outcome analysis in GC.

The present study has several limitations originating from
the study design itself. First, this study was a retrospective
single Korean tertiary referral institutional study. Enrolled
patients from the Samsung Medical Center registry were not
free from selection bias because they were confined to spe-
cific regions and characteristics among Korean. Second, cau-
tion is needed when generalizing outcomes of the present
study because this study was performed only in Korean pati-
ents who underwent D2 resection, diagnosed with non-
metastatic GC with metastatic LN, and received adjuvant
treatment. In particular, careful attention should be needed
considering that the staging system should reflect the prog-
nosis in all patients regardless of treatment. Third, this study
did not analyze treatment outcome depending on adjuvant
CA or CCRT according to the 8th edition of AJCC staging
system. Despite those limitations, this study was performed
in relatively large number of patients treated with current
standard of care including D2 resection, adjuvant CA or
CCRT, it could be informative and useful to predict or com-
pare treatment outcomes in the same patient group receiving
similar management.

In conclusion, the 8th edition of AJCC staging system had
failed to show a superior discrimination ability than the 7th
edition for non-metastatic D2 resected GC patients with LN
metastasis treated with adjuvant CA and CCRT. However,
the 8th edition demonstrated clear prognostic difference in
stage III for both adjuvant treatment modalities, which dif-
ference was not detected in the 7th edition.
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Jab1 Silencing Inhibits Proliferation and Sensitizes to Cisplatin in 
Biliary Tract Cancer

Original Article

Purpose
Jab1 is a coactivator of c-Jun that enhances the transcriptional function of c-Jun. Jab1 is
frequently overexpressed in various cancers and is associated with poor prognosis of cancer
patients. Thus, Jab1 could be a potential therapeutic target in cancer. However, the role of
Jab1 in biliary tract cancer (BTC) has not been studied.   

Materials and Methods
We performed in vitro and in vivo experiments to evaluate the therapeutic potential of Jab1
inhibition in BTC. 

Results
Among 8 BTC cell lines, many showed higher Jab1 expression levels. In addition, Jab1 
silencing by siRNA increased p27 expression levels. SNU478 and HuCCT-1 cells exhibited
profound Jab1 knockdown and increased p27 expression by Jab1-specific siRNA transfec-
tion. Jab1 silencing induced anti-proliferative and anti-migratory effects and resulted in G1
cell cycle arrest in SNU478 and HuCCT-1 cells. In addition, Jab1 silencing potentiated the
anti-proliferative and anti-migratory effects of cisplatin by increasing DNA damage. Interest-
ingly, Jab1 knockdown increased PTEN protein half-life, resulting in increased PTEN expres-
sion. In the HuCCT-1 mouse xenograft model, stable knockdown of Jab1 by shRNA also
showed anti-proliferative effects in vivo, with decreased Ki-67 expression and AKT phos-
phorylation and increased Terminal deoxynucleotidyl transferase–mediated dUTP nick end
labeling and p27 expression. 

Conclusion
Jab1 knockdown demonstrated anti-proliferative and anti-migratory effects in BTC cells by
increasing DNA damage and stabilizing PTEN, resulting in G1 cell cycle arrest. In addition,
Jab1 silencing potentiated the anti-proliferative effects of cisplatin. Our data suggest that
Jab1 may be a potential therapeutic target in BTC that is worthy of further investigations. 

Key words
Jab1, Biliary tract neoplasms, Proliferation, Therapeutic target, 
Cisplatin
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Introduction

Jab1 (c-Jun activation domain binding protein-1, also
known as CSN5 [COP9 signalosome subunit 5]) is a co-acti-
vator of c-Jun, a transcription factor involved in numerous
cellular processes including cell proliferation and carcino-
genesis [1]. Jab1 is encoded by the COPS5 gene and enhances
the transcriptional function of c-Jun by binding to c-Jun. An

earlier study proved that Jab1 binds to and promotes the
translocation of p27 from the nucleus to the cytoplasm, 
decreasing p27 expression in the cell by 26S proteasome-
mediated degradation [2,3]. In addition, ectopic expression
of Jab1 in murine fibroblasts partially overcame p27-medi-
ated G1 cell cycle arrest. Jab1 also promotes the nuclear 
export and cytoplasmic degradation of p53 in coordination
with HDM2 [4,5].

Jab1 overexpression is frequently observed and inversely
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correlated with p27 expression in a variety of cancers includ-
ing breast cancer [6], ovarian cancer [7], hepatocellular car-
cinoma [8], esophageal cancer [9], and laryngeal cancer [10].
Several studies have also shown that Jab1 expression is 
associated with the prognosis of patients with various can-
cers [7-10]. Therefore, Jab1 could be a potential therapeutic
target in cancer [11].

Biliary tract cancer (BTC) is relatively rare in Europe and
North America, but frequent in Asia, including Korea and
Latin America [12]. Recent development of targeted agents
has significantly improved the prognosis of patients with
various cancers. However, there is still no clinically validated
therapeutic target in BTC. For BTC patients, only gemcita-
bine combined with cisplatin has been established as a stan-
dard chemotherapy [13]. Therefore, there is a huge need for
the development of therapeutic targets for patients with BTC.

Although the role of Jab1 has been established in other
solid tumors, no studies have examined the expression of
Jab1 in BTC or the potential therapeutic implication of Jab1
expression in BTC. In this study, we examined the expression
and function of Jab1 in human BTC cell lines, and evaluated
the therapeutic potential of Jab1 inhibition in BTC using in
vitro and in vivo models with the aim to examine the possi-
bility of Jab1 inhibition for the treatment of BTC patients. 

Materials and Methods

1. Human BTC cell lines

A total of eight human BTC cell lines were used in this
study. SNU245, SNU308, SNU478, SNU869, SNU1079, and
SNU-1196 cell lines were obtained from the Korean Cell Line
Bank (Seoul, Korea) [14]. HuCCT-1 and TFK-1 cell lines were
purchased from RIKEN BioResource Center (Ibaraki, Japan).
Each cell line was authenticated using the AmpFLSTR Iden-
tifiler PCR Amplification Kit (catalog No. 4322288; Applied
Biosystems, Foster City, CA) by the Korean Cell Line Bank
on March 8, 2016. The 3530xL DNA Analyzer (Applied
Biosystems) and the GeneMapper v5 (Applied Biosystems)
were used for DNA fingerprinting analysis. All the cell lines
were maintained in RPMI-1640 media containing 10 µg/mL
gentamicin and 10% fetal bovine serum (FBS; Welgene Inc.,
Gyeongsan, Korea) in a humidified atmosphere containing
5% CO2 at 37°C.

2. Jab1 knockdown by siRNA and shRNA and chemother-

apeutic agent

We used siRNA for transient silencing of the COPS5 gene
that encodes Jab1 and shRNA for stable knockdown of the
COPS5 gene. Jab1-specific or control (nonspecific) siRNAs
were obtained from Genolution Pharmaceuticals, Inc. (Seoul,
Korea). The sequence of the Jab1-specific siRNA was 5!-GCT-
CAGAGTATCGATGAAA-3!. The sequence of the control
siRNA was 5!-AATTCTCCGAACGTGTCACG-3!. All cells
were transfected with siRNAs at a final concentration of 50
nM using Lipofectamine 2000 (Invitrogen, Carlsbad, CA) 
according to the manufacturer’s instructions. After daily
transfection for 2 days, the cells were harvested and sub-
jected to western blot analysis.

Jab1-specific or control shRNAs and lentiviral particle gene
silencers were purchased from Santa Cruz Biotechnology
(Dallas, TX); the shRNAs and gene silencers are a pool of
concentrated, transduction-ready, viral particles containing
three target-specific constructs that encode 19-26 nt shRNAs
designed to knock down gene expression. The shRNAs were
transduced to the cell lines according to the manufacturer’s
instructions. Stable clones that expressed the shRNA were
selected using puromycin dihydrochloride (Santa Cruz Bio-
technology). Western blot analysis was used to confirm the
target gene expression in these stable clones.

Cisplatin was purchased from JW Pharmaceutical Co.
(Seoul, Korea).

3. Western blot analysis

Cells were lysed in RIPA buffer containing protease inhi-
bitors on ice for 15 minutes. Protein samples were obtained
by centrifugation at 13,000 rpm for 20 minutes. Equal amou-
nts of proteins were separated on 10% sodium dodecyl sul-
fate polyacrylamide gels and transferred onto nitrocellulose
membranes. The membranes were incubated at 4°C overnight
with primary antibodies. Primary antibodies against the fol-
lowing molecules were purchased from Cell Signaling Tech-
nology (Beverly, MA): p53, RAD51, PTEN, AKT, phosphory-
lated AKT (Ser473), Src, and phosphorylated Src (Tyr416).
Following antibodies were purchased from Santa Cruz
Biotechnology: cyclin D1, cyclin E, cyclin A, Jab1, !H2AX,
and p27. Anti-"-tubulin and anti-#-actin antibodies were pur-
chased from Sigma-Aldrich (St. Louis, MO). Antibody bind-
ing was detected using an enhanced chemiluminescence
system according to the manufacturer’s protocol (Amersham
Biosciences, Piscataway, NJ). Anti-mouse and rabbit second-
ary antibodies were purchased from Thermo Scientific Inc.
(Waltham, MA). The data was quantified by ImageJ software
(National Institute of Health, Bethesda, MD) and normalized
by "-tubulin or #-actin as an internal control.

Ah-Rong Nam, Jab1 in Biliary Tract Cancer



4. Cell growth inhibition assays

For 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assays, cells transfected with Jab1-specific or
control siRNA or shRNA were seeded in 96-well plates: 2,000
cells per well for the SNU478 cell line and 4,000 cells per well
for the HuCCT-1 cell line. MTT dye (Sigma-Aldrich) was
added to each well and cells were incubated for 4 hours at
37°C. The MTT solution was removed and  dimethyl sulfox-
ide was carefully added. Cell viability was calculated by
measuring the absorbance at 540 nm with a VersaMax 
microplate reader (Molecular Devices, Sunnyvale, CA). Six
wells were used for each experimental condition.

For colony formation assays, SNU478 cells and HuCCT-1
cells were seeded in six-well plates at a density of 500 cells
and 3,000 cells, respectively. The cells were then treated with
Jab1-specific or control siRNAs. After 10 days, the cell colo-
nies were stained with 0.1% Coomassie Blue solution (Sigma-
Aldrich), and counted using a Gel Doc (Bio-Rad, Hercules,
CA). The data presented are representative of three inde-
pendent experiments.

5. Cell cycle analysis

Cells transfected with Jab1-specific or control siRNAs were
harvested, fixed with cold 70% ethanol, and stored at !20°C.
The fixed cells were harvested by centrifugation, and incu-
bated with 20 mg/mL RNase (Invitrogen) at 37°C for 10 min-
utes. Cells were then stained with 20 µg/mL propidium
iodide (Sigma-Aldrich). The DNA content of 10,000 cells per
each experimental group was analyzed using a FACS Cal-
ibur flow cytometer (BD Biosciences, Franklin Lakes, NJ).
Three independent experiments were performed for each
condition.

6. Wound healing assays

Cells transfected with Jab1-specific or control siRNA or
shRNA were grown as monolayers in six-well culture plates.
Confluent monolayers were gently scratched with a sterile
200-µL pipette tip. The plates were then washed with phos-
phate-buffered saline (PBS). After 24 hours, cell movement
back into the area of the scratch was recorded by light micro-
scopy. The area of each wound was quantified by ImageJ
software (National Institute of Health). Ten wounds were 
examined at once for each experimental condition. The data
presented are representative of three independent experi-
ments.

7. Transwell migration assays

The transwell migration assays were performed using
transwell plates (Corning Costar, Cambridge, MA) which
were 6.5 mm in diameter with 8 µm pore filters. SNU478 and
HuCCT-1 cells were treated with Jab1-specific or control
siRNA once daily for two days. Then, a cell suspension con-
taining 1"105 cells/mL in 200 µL RPMI-1640 media and 0.1%
FBS were added to top chambers. In addition, lower cham-
bers contained 500 µL RPMI-1640 media with 10% FBS. After
incubation for 24 hours, cells in the top chambers were remo-
ved and then 4% paraformaldehyde was treated for 20 min-
utes. The invading cells were stained with 0.1% crystal violet
for 10 minutes, and then examined using light microscope.
The crystal violet was dissolved in 300 µL of 33% acetic acid.
The solution was then quantified by measuring the absor-
bance at 573 nm with a VersaMax microplate reader (Molec-
ular Devices). The data presented are representative of two
independent experiments.

8. Comet assays

Jab1-specific or control siRNAs were transfected into SNU-
478 and HuCCT-1 cell lines daily for 2 days. These cell lines
were treated with 2.5 µM or 5 µM cisplatin for 48 hours. The
cells were then trypsinized and subjected to an alkaline
comet assay using the Trevigen Comet Assay Kit (Trevigen
Inc., Gaithersburg, MD) following the manufacturer’s proto-
col. Tail moments and tail intensity were measured with
Comet Assay IV software (Perceptive Instruments Ltd., Bury
St. Edmunds, UK). Three independent experiments were per-
formed for each condition.

9. Real-time quantitative polymerase chain reaction

RNA was extracted using TRI Reagent (Molecular Research
Center, Inc., Cincinnati, OH) according to the manufacturer’s
instructions. Then, 2 µg of total RNA was used to reverse
transcribe cDNA with random hexamers and ImProm-II 
Reverse Transcriptase (Promega, Madison, WI). Real-time
quantitative polymerase chain reaction (PCR) was performed
by the StepOnePlus System (Applied Biosystems) using Pre-
mix Ex Taq (Takara Bio Inc., Shiga, Japan) with SYBR Green
I (Molecular Probes, Eugene, OR) to validate gene expres-
sion. All data were normalized to actin cDNA levels. The 
experiments were performed in duplicate.

10. Cycloheximide chase assays

Cycloheximide chase assays were used to quantify the
half-life of proteins. SNU478 and HuCCT-1 cells were trans-
fected using Jab1-specific or control siRNAs. Transfected
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cells were seeded in plates and cycloheximide 20 µg/mL was

added to the plates. Cells were collected at indicated time

points for western blot analysis.

11. In vivo study

Female BALB/c athymic nude mice aged 4-6 weeks were

purchased from Central Lab Animal Inc. (Seoul, Korea). The

mice were subcutaneously injected in the right flank with

5!107 Jab1-specific or control shRNA-transfected HuCCT-1

cells in 200 µL of PBS. Four mice for each group were used

for tumor formation. Two weeks after HuCCT-1 cell injec-

tion, tumor formation was evaluated. After implantation of

the tumor cells, the size of the tumors was measured every

other day using calipers for 4 weeks. The tumor volume was

calculated using the following formula: (width)2!(height)/2.

At 4 weeks, the tumors were excised and stored in liquid 

nitrogen until further analysis by immunohistochemical

Fig. 1.  Effects of Jab1 on p27 expression and cell proliferation in biliary tract cancer (BTC) cell lines. (A) Basal expression

levels of Jab1 and p27 in eight BTC cell lines were analyzed by western blot and quantified by ImageJ software. (B) Effects

of Jab1 silencing by siRNA on p27 expression were analyzed and quantified in eight BTC cell lines. (C) Knock-down effects

of Jab1-specific siRNA were evaluated at 1 day, 3 days, and 5 days in SNU478 and HuCCT-1 cells. (Continued to the next page)
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staining and western blot.

12. Immunohistochemistry

Sections of 4-µm thickness from paraffin-embedded tumor

tissues were deparaffinized and dehydrated. Anti-Jab1 anti-

body (Santa Cruz Biotechnology) at a dilution of 1:2,000 and

anti–Ki-67 antibody (GeneTex, Inc., Irvine, CA) at a dilution

of 1:100 were used to detect proliferating cells in the tumor

samples. Terminal deoxynucleotidyl transferase–mediated

dUTP nick end labeling (TUNEL) assays were performed to

evaluate apoptosis in the tumor samples using an ApopTag

In situ Apoptosis Detection Kit (EMD Millipore, Billerica,

MA), in accordance with the manufacturer's protocol.

13. Statistical analysis

Experimental data were expressed as the mean±standard

error (SE) and compared using Student’s t test. Data were 

analyzed using SigmaPlot software (Systat Software Inc., San

Jose, CA). Two-sided p-values below 0.05 were considered

statistically significant.

14. Ethical statement

The animal experiments were performed at the Biomedical

Center for Animal Resource Development of Seoul National

University, Seoul, Korea, according to the institutional guide-

lines after approval from the Institutional Animal Care and

Use Committee.

Fig. 1.  (Continued from the previous page) (D) MTT assays (upper) and colony forming assays (lower) were performed to eval-

uate the effects of Jab1 silencing on proliferation of SNU478 and HuCCT-1 cells. **p < 0.01. 
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Results

1. Jab1 silencing by siRNA increases p27 expression in BTC
cells

We first examined the expression of Jab1 in eight BTC cell
lines. All BTC cell lines showed a various range of Jab1 and
p27 expressions (Fig. 1A). Among the cell lines examined,
SNU478, SNU869, and SNU1196 cells had relatively higher
Jab1 expression levels. Of these three, SNU478 and SNU1196
cell lines showed relatively higher basal p27 expression as
well. In contrast, SNU245, SNU1079, and HuCCT-1 cell lines
had relatively lower basal Jab1 expression levels.

Previous studies demonstrated that Jab1 decreases p27 
expression levels and is inversely correlated with p27 in sev-
eral cancers [6-10]. Our results also showed that Jab1 silenc-
ing by siRNA increased p27 expression in six of eight BTC
cell lines (Fig. 1B). In particular, in SNU478 and HuCCT-1
cell lines, Jab1-specific siRNA strongly knocked down Jab1
expression and resulted in increased p27 expression. Real-
time quantitative PCR experiments reproduced the findings
of the western blot analysis (S1 Fig.). We hypothesized that
Jab1 inhibition increases p27 expression in some BTC cell
lines, resulting in anti-proliferative activity. However, the
amplitude of corresponding p27 induction by Jab1 silencing
was not associated with basal Jab1 expression levels of the
cell lines we tested. We thus selected SNU478 and HuCCT-1

Fig. 2.  Effects of Jab1 silencing on cell cycle and migration. (A) Cell cycle analysis was performed in SNU478 and HuCCT-
1 cell lines after transfection with Jab1-specific or control siRNAs. **p < 0.01. (B) Cyclin D1/E/A expression levels were 
analyzed by western blot in SNU478 and HuCCT-1 cell lines transfected with Jab1-specific or control siRNA. (Continued to
the next page)
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Fig. 2.  (Continued from the previous page) (C) Wound healing assays were performed to evaluate the effects of Jab1 silencing

on migration in SNU478 and HuCCT-1 cell lines. *p < 0.05. (D) Transwell migration assays were performed to investigate

the effects of Jab1 silencing on invasion of SNU478 and HuCCT-1 cells. **p < 0.01.
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cell lines for further in vitro and in vivo experiments.
Knock-down effects of Jab1-specific siRNA were main-

tained at 5 days in SNU478 cells, while diminished at 5 days
in HuCCT-1 cells (Fig. 1C). To evaluate the effect of Jab1 on
cell proliferation, we performed MTT and colony formation
assays. Our results showed that Jab1 silencing significantly
retarded the growth of SNU478 and HuCCT-1 cells (Fig. 1D),
indicating that Jab1 silencing inhibited the proliferation of
BTC cells. 

2. The Cancer Genome Atlas data analysis validates the cell
line findings

To validate this finding in BTC samples, we analyzed The
Cancer Genome Atlas provisional data of BTC using cbio-
portal.org as of August 6, 2017. Among 36 BTC patients
whose OncoPrint data was available, Jab1 (COPS5 gene)

mRNA up-regulation defined by Z-score more than 2.0 was
observed in five patients (13.9%) (S2 Fig.). Notably, one of
five up-regulated patients had Jab1 gene amplification. In 
addition, the reverse phase protein array (RPPA) data
demonstrated that Jab1 protein was overexpressed in two 
patients (5.6%). These data suggest that a substantial portion
of patients has Jab1 mRNA or protein overexpression or gene
amplification.

The RPPA analysis indicated that basal Jab1 protein expre-
ssion levels were positively correlated with basal p27
(CDKN1B) protein levels with a Pearson coefficient of 0.78
(S3 Fig.). In addition, patients with Jab1 alteration tended to
have better overall survival than those without Jab1 alter-
ation (p=0.052) (S4 Fig.).

Fig. 3.  Jab1 silencing and cisplatin sensitivity. (A) The effects of Jab1 silencing on the anti-proliferative activity of cisplatin
at various concentrations were evaluated by colony formation assays in SNU478 and HuCCT-1 cells. Jab1-specific or control
siRNA-transfected cells were treated with cisplatin at a concentration of 0, 0.5, 1.0, and 2.0 µM for 10 days. **p < 0.01. (Con-

tinued to the next page)
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3. Jab1 silencing induces G1 arrest and inhibits migration
of BTC cells

We next examined the growth inhibitory effect of Jab1 

silencing in BTC cells in more detail. Cell cycle analysis

showed that Jab1 silencing significantly increased the frac-

tion of cells in G1 phase in SNU478 and HuCCT-1 cell lines 

(Fig. 2A). In addition, Jab1 silencing decreased cyclin D1 

expression in SNU478 cells and cyclin A expression in the

two cell lines (Fig. 2B).

We next evaluated the effect of Jab1 silencing on the cell 

migration capacity of BTC cells. In wound healing assays,

Jab1 silencing significantly delayed the migration of SNU478

and HuCCT-1 cells (Fig. 2C). Transwell migration assays

were then performed to evaluate the effects of Jab1 knock-

down on cancer cell invasion (Fig. 2D). Jab1 knock-down sig-

Fig. 3.  (Continued from the previous page) (B) Wound healing assays demonstrated the effects of Jab1 silencing on anti-migratory

activity of cisplatin at a concentration of 0, 1.0, 2.5, and 5.0 µM. **p < 0.01. ***p < 0.001. (Continued to the next page)
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nificantly decreased the invasive activity of SNU478 and

HuCCT-1 cells.

4. Jab1 silencing sensitizes BTC cells to cisplatin

To investigate the effects of Jab1 silencing on cisplatin

treatment in cells, we performed colony formation assays.

Jab1-specific or control siRNAs were transfected into SNU-

478 and HuCCT-1 cell lines daily for 2 days. Cells were then

treated with cisplatin at various concentrations (0, 0.5, 1.0,

and 2.0 µM) for 10 days and colony formation was moni-

tored. Results showed that Jab1 silencing significantly poten-

Fig. 3.  (Continued from the previous page) (C) Comet assays were performed to quantify the effects of Jab1 silencing on DNA

damage in SNU478 and HuCCT-1 cells. **p < 0.01.
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Fig. 4.  Effects of Jab1 on PTEN protein half-life. (A) The effects of Jab1 silencing on PTEN protein and mRNA expression

levels were evaluated by western blot and real-time quantitative PCR in SNU478 and HuCCT-1 cells. N.S., not significant.

The effects of Jab1 on Src and AKT and their phosphorylation (Src Tyr416 and AKT Ser473) were also analyzed by western

blot. (B) In SNU478 and HuCCT-1 cell lines after transfection with Jab1-specific or control siRNA, PTEN protein expression

levels were analyzed by western blot (upper) at 0, 1, 2, 6, and 24 hours of cycloheximide treatment. The band intensity (lower)

was quantified using ImageJ software and normalized by !-actin expression levels.
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tiated the anti-proliferative effects of cisplatin at various con-

centrations in the two cell lines (Fig. 3A). Furthermore, in

wound healing assays, Jab1 silencing significantly enhanced

the anti-migratory effects of cisplatin (Fig. 3B). In comet 

assays, both tail moments and intensities were significantly

increased in proportion to the increased concentration of cis-

platin, and the tail intensities were significantly increased by

Jab1 silencing alone without cisplatin (Fig. 3C). Notably, Jab1

silencing significantly increased both the tail moments and

intensities when combined with cisplatin at 2.5 and 5.0 µM.

5. Jab1 knock-down inhibits Src phosphorylation via PTEN
stabilization

We investigated the effects of Jab1 on the Src signaling

pathway since Src is one of key molecular targets in BTC in

Fig. 5.  Stable knockdown of Jab1 by shRNA in HuCCT-1 cells. (A) Western blot analysis revealed the effects of stable knock-

down of Jab1 by shRNA on p27 expression levels in HuCCT-1 cells. (B) MTT assays were performed to evaluate the effects

of Jab1 knockdown on proliferation. (C) Wound healing assays demonstrated the anti-migratory effects of stable knockdown

of Jab1 by shRNA in HuCCT-1 cells. **p < 0.01. (D) Using the HuCCT-1 mouse xenograft model, the effects of stable Jab1 

silencing on proliferation were evaluated in vivo. **p < 0.01. (Continued to the next page)
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our recent studies [15,16]. Jab1 silencing decreased phospho-

rylation of Src Tyr416 in SNU478 cells and AKT Ser473 and

Src Tyr416 in HuCCT-1 cells (Fig. 4A). In a previous study

of HER2-positive breast cancer, increased PTEN expression

deactivated Src phosphorylation and vice versa [17]. There-

fore, we examined the change of PTEN protein expression

levels after Jab1 knock-down. Interestingly, Jab1 silencing 

increased PTEN expression levels in SNU478 and HuCCT-1

cells, without significant increase of PTEN mRNA expression

levels. In cycloheximide chase assays, Jab1 silencing increa-

sed the half-life of PTEN protein compared with the control

in SNU478 and HuCCT-1 cells (Fig. 4B). 

6. Stable knockdown of Jab1 by shRNA increases p27 
expression and decreases proliferative and migratory activ-
ity

We next examined the in vivo effects of Jab1 silencing in a

HuCCT-1 mouse xenograft model. We first developed HuCCT-

1 cells that were stably knocked down for Jab1 by shRNA (S5

Fig.). In line with the results of Jab1 silencing by siRNA, sta-

ble knockdown of Jab1 by shRNA increased p27 expression

levels (Fig. 5A) and significantly decreased proliferative 

(Fig. 5B) and migratory activities (Fig. 5C) compared with

the control in HuCCT-1 cells.

In the HuCCT-1 mouse xenograft model, mice injected

with HuCCT-1 cell stably knocked down for Jab1 by shRNA

showed significantly decreased tumor volume in vivo (Fig. 5D).

In immunohistochemical staining, tumor xenografts with 

silenced Jab1 expression showed decreased Ki-67 expression

and increased TUNEL expression (Fig. 5E). Tumors with 

silenced Jab1 expression showed increased p27 expression,

decreased AKT phosphorylation, and decreased cyclin D1

expression in vivo (Fig. 5F).

Fig. 5.  (Continued from the previous page) (E) The tumors were harvested and analyzed by immunohistochemical staining of

Jab1, Ki-67, and terminal deoxynucleotidyl transferase–mediated dUTP nick end labeling. (F) Western blot analysis evaluated

the effects of Jab1 knockdown by shRNA on Jab1 and p27 expression, AKT and ERK phosphorylation, and cyclin D1 and A

expression in vivo. The band intensity (lower) was quantified using ImageJ software and normalized by !-actin expression

levels.
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Discussion

In this study, Jab1 expression levels were relatively higher
in most of the examined BTC cell lines. Moreover, Jab1
knockdown also increased p27 expression in BTC cells,
which is in line with the results of previous studies in other
cancers [6-10]. Jab1 knockdown produced anti-proliferative
and anti-migratory effects in BTC cells by increasing DNA
damage, stabilizing PTEN, and leading to G1 cell cycle arrest.
In addition, Jab1 inhibition potentiated the anti-proliferative
effects of cisplatin. Our in vitro experimental data was repro-
duced in an in vivo mouse model using HuCCT-1 cell lines
with stable Jab1 knockdown by shRNA.

To the best of our knowledge, this is the first report on the
role of Jab1 in BTC. In a previous study, Jab1 deficiency in
mice resulted in early embryonic death and increased radia-
tion-induced apoptosis by spontaneous DNA damage and
homologous recombination defects [18]. In addition, Jab1 
depletion inhibited proliferation of pancreatic [19], colorectal
[20], gastric [21], and nasopharyngeal cancer cell lines [22] in
vitro. In line with these results, our data suggest that Jab1 
inhibition could also be a novel therapeutic target in BTC.

In our data, Jab1 knock-down increased p27 expression
and induced G1 cell cycle arrest, which corresponds to pre-
vious data [2]. A previous study showed that p27 abrogation
increased both basal and serum-stimulated transcription of
cyclin D1 and A genes [23]. In our data, Jab1 silencing 
decreased cyclin D1 expression in SNU478 cells and cyclin A
expression in SNU478 and HuCCT-1 cells. In the HuCCT-1
in vivo model, Jab1 knockdown decreased cyclin D1 expres-
sion more prominently than cyclin A. Therefore, our data of
BTC suggest that G1 cell cycle arrest induced by Jab1 silenc-
ing may be attributed to the increased p27 expression result-
ing in decreased cyclin D1 and A expression.

Interestingly, in nasopharyngeal carcinoma, Jab1 silencing
potentiated the anti-proliferative effects of DNA damaging
agents including cisplatin, ionizing radiation, and ultraviolet
radiation in vitro [22,24]. In our data, cisplatin significantly
increased the anti-proliferative and anti-migratory effects of
Jab1 silencing in BTC cells. Moreover, when combined with
cisplatin, Jab1 silencing significantly increased both the tail
moments and intensities in comet assays. Notably, the tail
intensities were significantly increased by Jab1 silencing even
without cisplatin treatment. These results suggest that Jab1
depletion spontaneously induces DNA damage and increa-
ses the anti-proliferative and anti-migratory effects of DNA
damaging agents.

In colorectal cancer cell lines, Jab1 silencing decreased p38
and AKT phosphorylation [25]. Inversely, in breast cancer
cell lines, HER2 transcriptionally increased Jab1 expression
via AKT/!-catenin pathways, and HER2 inhibition decrea-

sed Jab1 expression [26,27]. Therefore, these data suggest that
Jab1 and AKT are associated with each other. In our data in
HuCCT-1 cells, Jab1 silencing decreased phosphorylation of
AKT both in vitro and in vivo. In contrast, in SNU 478 cells,
Jab1 silencing did not influence AKT phosphorylation. In 
addition, in HER2-positive breast cancer, increased PTEN 
expression deactivated Src phosphorylation and vice versa
[17]. In our data, increased PTEN expression by Jab1 silenc-
ing deactivated Src phosphorylation in both SNU478 and
HuCCT-1 cell lines, which is in line with the findings in
HER2-positive breast cancer. Our results suggest that the
anti-proliferative effects of Jab1 silencing in BTC may be 
mediated by both the phosphoinositide 3-kinase/AKT path-
way and Src pathway.

Previous studies of Jab1 in several cancers have been per-
formed using in vitro models of transient knockdown of Jab1
by siRNA. No study has performed in vivo experiments using
stable knockdown of Jab1 by shRNA in human cancer cells.
In our study, we established a mouse model of stable Jab1
knockdown by shRNA using the HuCCT-1 cell line. Our in
vivo data confirmed the findings of our in vitro experiments
in BTC. Stable knockdown of Jab1 resulted in anti-prolifera-
tive effects compared with the control group. In addition,
Jab1 depletion decreased Ki-67 expression and AKT phos-
phorylation and increased TUNEL and p27 expression in
vivo.

Our in vitro and in vivo experimental data suggest that Jab1
silencing alone or in combination with cisplatin has a prom-
ising anti-tumor activity in BTC. Therefore, Jab1 could be a
potential therapeutic target in patients with BTC, which is
worthy of further pre-clinical and clinical investigations.
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Clinical Benefit of Maintenance Therapy for Advanced Biliary Tract
Cancer Patients Showing No Progression after First-Line Gemcitabine
Plus Cisplatin

Original Article

Purpose

Gemcitabine plus cisplatin (GemCis) is the standard first-line chemotherapy for patients

with advanced biliary tract cancer (BTC). In ABC-02 study, the BTC patients received up to

6-8 cycles of 3-weekly GemCis; however, those without progression often receive more than

6-8 cycles. The clinical benefit of maintenance treatment in patients without progression is

uncertain. 

Materials and Methods

Advanced BTC patients treated with GemCis between April 2010 and February 2015 at

Asan Medical Center, Seoul, Korea, were retrospectively analysed. The patients without pro-

gression after 6-8 cycles were stratified according to further treatment i.e., with or without

further cycles of GemCis (maintenance vs. observation groups). The primary endpoint was

overall survival (OS) and progression-free survival (PFS).

Results

Among the 740 BTC patients in the initial screen, 231 cases (31.2%) were eligible for analy-

sis (111 in the observation group, 120 in the maintenance group). The median OS from the

GemCis initiation was 20.5 months (95% confidence interval [CI], 15.4 to 25.6) and 22.4

months (95% CI, 17.0 to 27.8) in the observation and maintenance groups, respectively

(p=0.162). The median PFS was 10.4 months (95% CI, 7.0 to 13.8) and 13.2 months (95%

CI, 11.3 to 15.2), respectively (p=0.320).       

Conclusion

GemCis maintenance is not associated with an improved survival outcome.
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Introduction

Biliary tract cancer (BTC) is a heterogeneous malignancy
arising from the gallbladder, intrahepatic, and extrahepatic
bile duct. Its incidence is quite rare in the United States with
approximately 10,000 new diagnoses per year but is higher
in Latin America and Asia [1,2]. Survival outcomes of BTC
remain dismal with a 5-year overall survival (OS) rate of 30%
for localized disease and 10% for patients with unresectable
or metastatic disease [3,4].

In patients with unresectable or metastatic BTC, systemic
chemotherapy is the standard of treatment. Gemcitabine plus
cisplatin (GemCis) has been widely accepted as the appro-
priate first-line chemotherapeutic regimen for BTC based on
the success of the previous pivotal phase III ABC-02 trial,
which demonstrated the superiority of GemCis over gemc-
itabine monotherapy [5]. There is no standard second-line
chemotherapy for BTC following a GemCis failure, although
fluorouracil-based chemotherapy is commonly attempted
[6].

In the ABC-02 trial, patients received first-line GemCis up
to 24 weeks, which corresponded to a maximum of eight 
cycles, and then discontinued this treatment irrespective of
their response. In real-world practice, however, patients who
do not show progression during GemCis treatment are often
continued on this chemotherapy beyond eight cycles until
disease progression. However, the clinical benefit of mainte-
nance therapy with GemCis is yet to be established. 

In our present study, we retrospectively analysed the effi-
cacy outcomes in BTC patients who were continued on a
GemCis regimen after an initial disease control with 6-8 
cycles of this treatment. 

Materials and Methods

1. Patients

Patients with histologically confirmed unresectable or
metastatic BTC who received a first-line GemCis treatment
at Asan Medical Center, Seoul, Korea, between April 2010
and June 2015, were identified and their medical records
were retrospectively reviewed. Patients who had first-line
chemotherapy other than GemCis or who were diagnosed
with a combined histology of hepatocellular carcinoma and
cholangiocarcinoma or with ampulla of Vater cancer were 
excluded from further analysis. Patients who showed a com-
plete response (CR), partial response (PR), or stable disease
(SD), as defined by Response Evaluation Criteria in Solid 

Tumors (RECIST) ver. 1.1, after completion of a 6-8 cycle
first-line GemCis therapy were included in the study popu-
lation. These cases were classified into a maintenance group
(continued on GemCis beyond eight cycles) and observation
group (GemCis was discontinued after a 6-8 cycle first-line
regimen).

2. Treatment

All of the study patients had received the GemCis regimen
described previously i.e. cisplatin at 25 mg/m2 followed by
gemcitabine at 1,000 mg/m2 on days 1 and 8, every 3 weeks.
Responses to treatment were evaluated every two or three
cycles using computed tomography or magnetic resonance
imaging and graded according to RECIST ver. 1.1. In patients
who showed disease control (CR, PR, or SD) after completion
of 6-8 cycles of GemCis, continuation on GemCis as a treat-
ment maintenance was considered at the discretion of the 
attending physicians and with shared decision-making
under conditions of uncertainty. In the observation group,
patients were not continued on GemCis and had a regular
imaging follow-up every 6-8 weeks. Patients in the mainte-
nance group were continued on GemCis until disease pro-
gression or unacceptable adverse events due to toxicity. Best
supportive care was provided for all patients.

Subsequent chemotherapy in patients showing disease
progression was determined by the treating physicians. In
the observation group, resumption of GemCis was allowed
for patients who showed a > 6 month progression-free inter-
val between the last chemotherapy dose and disease progres-
sion.

3. Statistics

Comparison of survival outcomes between two treatment
groups was performed in terms of OS and progression-free
survival (PFS). OS from the initiation of treatment was 
defined as the period from the commencement of the first-
line GemCis to death from any cause. PFS from the initiation
of treatment was defined as the time from the first-line Gem-
Cis to disease progression or death, whichever occurred first.
OS from the completion of scheduled GemCis was defined
as the time from the end of last cycle of GemCis in the obser-
vation group, and the cycle 9 day 1 of GemCis in the main-
tenance group to any cause of death. PFS from the comple-
tion of scheduled GemCis was defined as the period from the
end of last cycle of GemCis in the observation group, and the
cycle 9 day 1 of GemCis in the maintenance group to disease
progression or any cause of death. OS and PFS curves were
estimated using the Kaplan-Meier method and compared
using the log-rank test. Univariate and multivariate analyses
for the OS and PFS outcomes were performed using a Cox
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proportional hazards model. A two-sided p-value of less
than 0.05 was considered statistically significant. All statisti-
cal analyses were performed using the SPSS ver. 21.0 (IBM
Corp., Armonk, NY).

4. Ethical statement

All procedures involving human participants were con-
ducted in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the
Helsinki declaration. This study was approved by the Insti-
tutional Review Board (IRB) of Asan Medical Center (2015-
0684). IRB waived informed consent for this study because
of its nature of retrospective analysis.

Results

1. Baseline characteristics of the study patients

A total of 740 patients with advanced BTC who previously
received GemCis as first-line chemotherapy were identified
on our institutional database. Among these cases, 231 (31.2%)
patients did not progress, as defined by RECIST ver. 1.1, after
completion of 6-8 cycles of GemCis. This included 111 pati-

ents (48.1%) who did not receive further GemCis (observa-
tion group) and 120 cases (51.9%) who received further Gem-
Cis as a maintenance therapy (maintenance group) (Fig. 1).
The baseline characteristics of these patients are summarized
in Table 1. 

There were no significant differences in baseline character-
istics between these two groups except for the Eastern 
Cooperative Oncology Group performance status, number
of metastatic sites, and best response to first-line GemCis. 
Patients in the maintenance group showed higher objective
response rates compared to those in the observation group
(27.5% vs. 14.4%, p=0.015). 

2. First-line GemCis

A median of six and 14 cycles of GemCis was administered
in the observation and maintenance groups, respectively. In
the maintenance group, median six cycles (range, 1 to 34) of
additional GemCis were administered after completion of
scheduled eight cycles. Among these patients, 51 patients
(42.5%) had gemcitabine monotherapy from cycle 9, and 69
patients (57.5%) received at least one dose of cisplatin (median,
2 cycles; range, 1 to 17) during maintenance GemCis. 

In the observation group, 76 patients (68.5%) were discon-
tinued on GemCis due to the completion of the planned
chemotherapy, 27 patients (24.3%) due to the patient’s 
request or adverse events from toxicity, and eight patients

Jaewon Hyung, Maintenance Chemotherapy in Cholangiocarcinoma

Advanced BTC patients treated with first line GemCis chemotherapy (n=740)

Non-PD after 6-8 cycles of GemCis (n=231)

Observation group 
No further GemCis (n=111)

Maintence group
Continued until PD (n=120)

Patients receiving second-line 
  chemotherapy (n=45)
- Fluoropyrimidine single (n=22)
- Fluoropyrimidine+cisplatin (n=8)
- Re-GemCis (n=15)

Patients receiving second-line 
  chemotherapy (n=50)
- Fluoropyrimidine single (n=33)
- Fluoropyrimidine+cisplatin (n=15)
- Belotecan (n=2)

- No further treatment or 
    follow-up loss (n=63)
- Died without confirmation 
    of PD (n=1)
- Alive without progression (n=2)

- No further treatment or 
    follow-up loss (n=43)
- On-going treatment (n=26)
- Alive without progression (n=1)

Fig. 1. Study outline. BTC, biliary tract cancer; GemCis, gemcitabine plus cisplatin; PD, progressive disease.

VOLUME 51 NUMBER 3 JULY 2019  903



(7.2%) were lost to follow up. In the maintenance group, 66

patients (55%) discontinued GemCis due to disease progres-

sion, 13 patients (10.8%) due to patient’s request or adverse

events from toxicity, eight patients (6.7%) with physician’s

decision, and seven patients (5.8%) were lost to follow-up.

Twenty-six patients (21.7%) had on-going GemCis at the time

of data collection.

3. Survival outcomes from the initiation of first-line GemCis

In the overall study patient population, the median follow-

up period was 23.8 months (interquartile range, 5.1 to 86.3

months), the median OS from the initiation of treatment was

22.3 months (95% confidence interval [CI], 19.0 to 25.7) and

the median PFS from the initiation of treatment was 12.5

months (95% CI, 11.1 to 13.9). The median PFS and OS of the

observation group were 10.4 months (95% CI, 7.0 to 13.8) and

20.5 months (95% CI, 15.4 to 25.6), respectively. In the main-

tenance group, the median PFS and OS were 13.2 months

(95% CI, 11.3 to 15.2) and 22.4 months (95% CI, 17.0 to 27.8),

respectively. There were no statistically significant differ-

ences in PFS (p=0.320) and OS (p=0.162) between the two

groups (Fig. 2). These findings were consistent with the 

results of multivariate analyses including other potential

prognostic factors (Table 2).

In the multivariate analyses, number of metastatic sites

Cancer Res Treat. 2019;51(3):901-909

Table 1.  Baseline clinical characteristics of the study patients

Variable
Observation group Maintenance group  

p-value
(n=111) (n=120)

Cycle of GemCis 6 (6-8) 14 (9-42)

Age (yr)

! 65 82 (73.9) 88 (73.3) 0.926

> 65 29 (26.1) 32 (26.7)

Sex

Male 63 (56.8) 72 (60.0) 0.617

Female 48 (43.2) 48 (40.0)

ECOG performance status

0-1 106 (95.5) 105 (87.5) 0.031

" 2 5 (5.4) 15 (12.5)

No. of metastatic sites

0-1 81 (73.0) 72 (60.0) 0.037

" 2 30 (27.0) 48 (40.0)

Pretreatment serum CA 19-9 n=88 n=106

Normal 44 (50.0) 52 (49.1) 0.896

Elevated 44 (50.0) 54 (50.9)

Disease status

Locally advanced unresectable 21 (18.9) 15 (12.5) 0.118

Initially metastatic 47 (42.3) 43 (35.8)

Recurrence after surgery 43 (38.7) 62 (51.7)

Primary site

Gallbladder 23 (20.7) 18 (15.0) 0.511

Intrahepatic 42 (37.8) 47 (39.2)

Extrahepatic 46 (41.4) 55 (45.8)

Best response to first-line GemCis

CR or PR 16 (14.4) 33 (27.5) 0.015

SD 95 (85.6) 87 (72.5)

Second-line treatmenta)

Done 45 (43.7) 50 (53.8) 0.186

Not done 58 (56.3) 43 (46.2)

Values are presented as median (range) or number (%). GemCis, gemcitabine plus cisplatin; ECOG, Eastern Cooperative 

Oncology Group; CA 19-9, carbohydrate antigen 19-9; CR, complete response; PR, partial response; SD, stable disease.

a)Analyses were performed in patients with disease progression to first-line GemCis.
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(two or more), SD as best response to GemCis, and no sec-
ond-line treatment were significantly associated with poor
outcomes in terms of OS from the initiation of treatment
(Table 2, S1 Fig.).

4. Survival outcomes from the completion of scheduled
GemCis

In the overall study patient population, the median OS and
PFS from the completion of scheduled GemCis was 16.9
months (95% CI, 12.7 to 21.1), and 6.8 months (95% CI, 5.9 to
7.7). There was no statistically significant difference of sur-
vival outcomes between two groups in terms of OS with 
median OS of 14.4 months (95% CI, 7.6 to 21.3) and 16.9
months (95% CI, 11.5 to 22.3) in the observation group, and
the maintenance group, respectively (p=0.290) (Fig. 3A). The
median PFS was significantly longer in the maintenance
group with 7.8 months (95% CI, 6.6 to 9.0) compared to 5.2
months (95% CI, 3.5 to 7.0) of the observation group (p=0.016)
(Fig. 3B).

5. Second-line treatment

After disease progression on first-line GemCis, 45 (43.7%)
and 50 (53.8%) patients subsequently received a second-line
chemotherapy in the observation and maintenance groups,
respectively. Most of these patients (n=78, 82.1%) received

fluoropyrimidine-based regimens as second-line chemother-
apy. GemCis was re-administered in 15 of the 45 patients
(33.3%) with progression in the observation group (Fig. 1).
The median PFS with second-line chemotherapy was longer
in the observation group than in the maintenance group (4.9
months [95% CI, 2.6 to 7.2] vs. 2.6 months [95% CI, 2.1 to 4.8];
p=0.012) (Fig. 4). However, the median OS in the second-line
setting did not differ between these groups (12.0 months
[95% CI, 15.4 to 25.6] and 8.3 months [95% CI, 5.6 to 10.9];
p=0.135) (Fig. 4). 

In further subgroup analyses according to second-line
chemotherapy regimens (S2 Fig.), the survival outcomes
were significantly longer in patients who had readministra-
tion of GemCis in the observation group (Re-GemCis group)
compared to the patients who received second-line fluoropy-
rimidine-based chemotherapy in the observation and main-
tenance groups with median OS of 45.3 months, 9.9 months,
and 8.3 months, respectively (Re-GemCis observation group
vs. fluoropyrimidine observation group, p=0.028; Re-GemCis
observation group vs. maintenance group, p=0.020). PFS was
also significantly longer in Re-GemCis group with median
PFS of 7.0 months, 3.1 months, and 2.7 months, respectively
(Re-GemCis observation group vs. fluoropyrimidine obser-
vation group, p=0.001; Re-Gemcis observation group vs.
maintenance group, p < 0.001). Survival outcomes of patients
with second-line fluoropyrimidine-based therapy were sim-
ilar between the maintenance and observation groups (p=
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Fig. 2.  Overall survival (OS) (A) and progression-free survival (PFS) (B) from the initiation of first-line gemcitabine plus cis-
platin. CI, confidence interval.
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0.680 for OS and p=0.780 for PFS).

Discussion

In this retrospective analysis of 231 BTC patients who did
not progress after the completion of a 6-8 cycle first-line
GemCis, our findings suggest that there is no significant clin-

ical benefit from maintenance therapy in BTC patients for
whom durable disease control has been achieved. Our results
also showed that the patients with durable response to first-
line GemCis until 6-8 cycles may have prolonged survival as
median OS was 22.3 months from the initiation of GemCis
in our cohort.

In our current study, there were no significant differences
in PFS or OS between the observation and maintenance
groups (p=0.320 and p=0.162, respectively), although the
maintenance group showed a slightly improved median PFS

Cancer Res Treat. 2019;51(3):901-909

Univariate Multivariate
HR (95% CI) p-value HR (95% CI) p-value

Treatment group
Observation Reference Reference
Maintenance 0.84 (0.59-1.19) 0.321 0.87 (0.59-1.27) 0.470

Age (yr)
> 65 Reference -
! 65 0.83 (0.57-1.22) 0.345 - -

Sex
Male Reference -
Female 0.74 (0.52-1.06) 0.103 - -

Disease setting
Locally advanced unresectable Reference Reference
Initially metastatic disease 0.69 (0.42-1.27) 0.146 0.97 (0.56-1.69) 0.924
Recurrence after surgery 0.56 (0.38-0.82) 0.011 0.66 (0.39-1.12) 0.124

No. of metastatic sites
0-1 Reference Reference
" 2 1.60 (1.12-2.30) 0.011 1.54 (1.02-2.33) 0.041

Primary tumor site
IHCCA Reference -
EHCCA 0.81 (0.41-1.35) 0.427 - -
Gallbladder 0.67 (0.50-1.11) 0.124 - -

ECOG performance status
0-1 Reference -
" 2 1.65 (0.92-2.94) 0.091 - -

Response to first-line GemCis
CR or PR Reference Reference
SD 1.59 (1.03-2.43) 0.035 1.89 (1.20-2.99) 0.006

Second-line treatment
Yes Reference Reference
No 1.76 (1.23-2.52) 0.002 1.87 (1.28-2.72) 0.001

Pretreatment CA 19-9
Normal Reference -
Elevated 0.99 (0.68-1.45) 0.983 - -

Table 2. Univariate and multivariate analysis of prognostic factors for overall survival from the initiation of first-line Gem-
Cis

HR, hazard ratio; CI, confidence interval; IHCCA, intrahepatic cholangiocarcinoma; EHCCA, extrahepatic cholangiocarci-
noma; ECOG, Eastern Cooperative Oncology Group; GemCis, gemcitabine plus cisplatin; CR, complete response; PR, partial
response; SD, stable disease; CA 19-9, carbohydrate antigen 19-9.
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(13.2 months vs. 10.4 months) and OS (22.4 months vs. 20.5

months). This finding was consistent even after adjustment

for potential confounding factors in the multivariate analysis. 

Our findings are on the contrary to the results of a recent

retrospective study which included 396 patients with 

advanced gallbladder cancer [7]. In this study, 70 patients
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Fig. 3.  Overall survival (OS) (A) and progression-free survival (PFS) (B) from the completion of scheduled gemcitabine plus

cisplatin. 
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Fig. 4.  Overall survival (OS) (A) and progression-free survival (PFS) (B) with second-line therapy after disease progression

on first-line gemcitabine plus cisplatin.
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among 120 patients who did not progress after 6-8 cycles of
first-line treatment had maintenance therapy and OS was sig-
nificantly longer in patients with maintenance chemotherapy
compared to those without (median, 14.88 months vs. 10.87
months; p=0.033). However, this study is limited in terms of
the inclusion of only patients with gallbladder cancer and
heterogeneous first-line chemotherapy regimens as 56.6% of
patients received gemcitabine plus oxaliplatin. In addition,
the survival difference shown in this study was not tested in
the multivariate analysis, which may not exclude the poten-
tial impact of confounding factors.

Continuation of long-term cytotoxic chemotherapy for
more than 6 months results in cumulative toxicities that may
ultimately impair the quality of life of the treated patient.
Thus, for patients in whom durable disease control (at least
SD) is achieved with chemotherapy, a chemotherapy-free 
period with careful follow-up may be a reasonable strategy
in the management of unresectable or metastatic BTC. This
is considering the lack of a significant survival benefit from
maintenance chemotherapy approach that we observed from
our current analysis. This is also supported by the fact that
there was no significant difference in OS from the completion
of scheduled GemCis between two groups, despite the
longer PFS from the completion of scheduled GemCis seen
in the maintenance group.

The clinical benefits of continuing palliative chemotherapy
in patients with a sustained response have been investigated
previously in multiple cancer types. In colorectal cancer,
there is clinical evidence which favours a drug holiday 
period from cytotoxic chemotherapy in patients with a sus-
tained response [8-10]. In addition, a report on patients with
metastatic colorectal cancer has indicated that intermittent
FOLFIRI approach (a 2-month drug holiday every four 
cycles) may provide comparable survival outcomes to a con-
tinuous FOLFIRI regimen (18.0 months vs. 17.0 months; haz-
ard ratio, 0.88) [11]. In patients with non small-cell lung
cancer, four cycles of platinum-doublet chemotherapy was
no-inferior to six cycles of chemotherapy [12]; however, the
maintenance therapy with pemetrexed following induction
pemetrexed plus cisplatin demonstrated improved survival
compared to placebo [13]. In patients with metastatic breast
cancer, maintenance treatment with gemcitabine plus pacli-
taxel after induction six cycles of chemotherapy showed bet-
ter PFS and OS compared with observation [14]. These
suggest that the clinical relevance of maintenance chemother-
apy may differ according to the tumor type and chemother-
apy agents.

In patients who received second-line treatment, PFS with
second-line treatment was significantly longer in the obser-
vation group, while there was no statistical difference in OS
between two groups. This might be interpreted as the poten-
tial negative impact of maintenance therapy to second-line

treatment due to the cumulative toxicity and deterioration of
patient performance with long-standing chemotherapy.
However, there was no significant difference in the propor-
tion of receiving second-line chemotherapy after progression
on GemCis between two groups and the difference in PFS
with second-line therapy between two groups may be deri-
ved from the patients who had re-administration of GemCis
in the observation group. With exclusion of patients with 
re-administration of GemCis, there was no significant differ-
ence in PFS and OS with second-line treatment between two
groups. Because GemCis was re-administered only in pati-
ents who had at least 6 months of progression-free interval
in the observational group, better survival with these pati-
ents may reflect their indolent disease courses. This is in line
with the results of previous prospective study for metastatic
breast cancer, as duration of first-line chemotherapy did not
have impact on the treatment exposure on subsequent sec-
ond-line chemotherapy [14].

Our current study has inherent limitations due to the ret-
rospective nature of the analyses and single centre popula-
tion. Our analysis also had strengths, however, as the study
population was a homogeneous series of patients who all 
received a standard GemCis first-line treatment and was of
sufficient size to conduct comparative analysis for subgroup
and multivariate analysis. 

In conclusion, the maintenance of GemCis for advanced
BTC patients in whom disease control has been achieved
after six to eight cycles may not produce a survival benefit.
Considering the cumulative toxicities and impact on quality
of life from the sustained administration of chemotherapeu-
tic drugs, a stop-and-go strategy may be more appropriate
in this patient population. Further validation of this possibil-
ity is needed in a future prospective randomized trial. 
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Retrospective Study of the Significant Predictive Role of 
Inflammatory Degree in Initial and Repeat Prostate Biopsy Specimens
for Detecting Prostate Cancer

Original Article

Purpose
The purpose of this study was to determine whether histologic inflammation (HI) in initial
and repeat prostate biopsy specimens was significantly associated with the detection of
prostate cancer.

Materials and Methods
Between 2005 and 2017, the clinicopathological records of patients with high prostate-
specific antigen (PSA) levels who underwent initial and repeat prostate biopsies were retro-
spectively reviewed. The presence of HI and its degree in each biopsied specimen were
interpreted by one uropathologist with 20 years of experience. The association between HI
and cancer diagnosis was statistically assessed, with p < 0.05 considered significant, and
the cancer and non-cancer groups were compared. 

Results
Among the 522 patients with a median PSA levels of 6.5 ng/dL, including 258 (49.4%)
whose cancer was diagnosed following repeat biopsy, the median degrees of HI in the initial
and repeat biopsies were 25.0% and 41.7%, respectively. Furthermore, 211 (40.4%) and
247 (47.3%) patients had HI (> 0%) on biopsied specimens, respectively. Comparison of
the cancer and noncancer groups revealed that a greater rate of HI specimens in the initial
biopsy was associated with fewer prostate cancer diagnoses following repeat biopsy (p <
0.001). Other comparisons between the cancer and non-cancer groups showed that the
cancer group had a significantly higher rate of hypertension, whereas those non-cancer
group had a significantly higher rate of benign prostatic hyperplasia and prostatitis (p <
0.05).      

Conclusion
A finding of a lesser degree of HI in the initial and a greater degree of HI in the repeat biop-
sied specimens was associated with the higher probability of cancer diagnosis in patients
with high PSA levels. 

Key words
Prostate, Biopsy, Prostate-specific antigen, Inflammation, 
Neoplasms
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Introduction

Since the discovery of prostate-specific marker, namely,

prostate-specific antigen (PSA), the PSA level is one of the

screening markers for prostate biopsies, along with digital

rectal examination (DRE) and transrectal ultrasonography

(TRUS) [1]. PSA levels > 3.0 ng/mL are correlated with pro-

state cancer (PC); however, PSA is not totally PC specific,

with a wide range of sensitivity, that is, between 21% and

95%. It varies with prostate volume, histologic inflammation

(HI), urethral instrumentation, and amount of cancer within

the gland to exhibit limited diagnostic power for cancer detec-

tion. Several supplementary PSA parameters such as PSA 

velocity (change of PSA over time), PSA density (standard-

ization of PSA level in relation to the size of the prostate), 

adjusted PSA reference ranges (accounting for age-depen-

dent prostate growth and occult prostatic disease), and PSA

forms have been developed to maximize the accuracy of PC

predictability [1]. 

Patients with a high suspicion of PC and concurrent ele-

vated PSA level, as well as abnormal findings on DRE or

TRUS, were recommended to undergo a TRUS-guided pro-

state biopsy (TRUS-Bx) [1-3]. Because of the invasiveness of

TRUS-Bx and its related complications, the dilemma of rec-

ommending TRUS-Bx for patients with a high PSA level has

gained attention. Another issue is the difficulty for clinicians

in assuring patients who are not worried about PC because

of the possible predisposition to PC with false-negative 

results from TRUS-Bx; these patients typically yield a nega-

tive cancer pathology with some HI. Further, these patients

are generally recommended to undergo a repeat TRUS-Bx,

despite having received anti-inflammatory treatment [2]. 

For urologists, it is important to find predisposing factors

to eliminate PSA level elevation due to HI and to avoid unne-

cessary repeat TRUS-Bx. Previous literature has suggested a

prevalence range of 22%-63% for acute HI and 8%-99% for

chronic HI among asymptomatic men who were biopsied

due to an elevated PSA level [4]. This elucidates the strong

relationship between chronic HI and PC risk, which suggests

a protective effect of anti-inflammatory agents against PC

[5,6]. HI associated with proliferative inflammatory atrophy

has also been proposed as a precursor for prostatic intraep-

ithelial neoplasia and PC [7].

Therefore, in this study, the degree of HI in initial and 

repeat biopsied prostate specimens was evaluated to deter-

mine whether it was correlated with PC in patients with a

high suspicion PC who were diagnosed as PC-negative on

the initial biopsy, but were diagnosed with PC on the repeat

biopsy.

Materials and Methods

1. Patients and tissue samples

Study participants included patients with high PSA levels

who underwent the initial TRUS-Bx either at an outside hos-

pital (n=424, 81.2%) or the Prostate Cancer Center, National

Cancer Center in Goyang, Korea (n=98, 18.8%), and the 

repeat TRUS-Bx at the National Cancer Center (all partici-

pants), between 2005 and 2017. All the patients included in

this study had at least 12 core biopsies. Those patients who

had prostatic intraepithelial neoplasia, high grade, atypical

adenomatous hyperplasia, and atypical small acinar prolif-

eration at initial biopsy were all excluded. And those patients

who did not undergo the systemic 12 biopsies or had only

several targeted biopsies or did not have information about

the initial outside biopsy were all excluded. Their clinico-

pathological records including underlying disease, initial

laboratory blood tests with PSA levels before and after bio-

psy, Gleason score, and clinical TN stages for those diag-

nosed PC on repeat biopsy were reviewed. All patients had

only two pathological reports of initial and repeat prostate

biopsies without subsequent later biopsies. The prostatic

biopsied indications were high PSA of > 3.0 ng/dL, at least

three 3-month-interval consecutive PSA rise despite anti-

biotic or anti-inflammatory management, prostatic nodule

on DRE, and abnormal low-echoic lesion suggesting suspi-

cious malignancy on TRUS. 

The TRUS-Bx under local anaesthesia was performed by a

single uroradiologist with 20 years of experience. Systemic

twelve TRUS-Bx were routinely performed with or without

one or two additional targeted-core biopsies, if necessary.

The repeat biopsy after the initial biopsy without cancer 

diagnosis was indicated to be performed within 4-8 weeks

after the initial biopsy with sufficient anti-inflammatory

treatment or > 2 weeks of antibiotics treatments according to

the urologists’ discretion when the PSA level continued to

rise or remained similar to the initial PSA levels with/with-

out abnormal nodular lesions or hypoechoic lesions either

on DRE or TRUS. 

Each 12 biopsy cores with/without one or two additional

cores were fixed in buffered formalin and embedded into

paraffin blocks and stained with haematoxylin and eosin.

The total biopsy length was calculated by adding biopsy core

lengths together. The presence of HI and its degree in each

biopsied specimen were routinely interpreted on the basis of

the presence of mononuclear or polymorphonuclear leuko-

cyte infiltration by one uropathologist (W.S.P.) with 20 years

of experience, who was blinded to the study’s aims concern-

ing the original diagnosis of the initial biopsy and the subse-

quent biopsy (Fig. 1). As for the 438 (83.9%) referred patients
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after initial biopsy from other hospitals, all the 12 (+2 addi-

tional targeted biopsy) systemic biopsied slides were brought

to be reviewed unblended manner by the uropathologist to

define the degree of HI (Fig. 2). Any slide detected with 

inflammatory cells was positive under microscopy and the

percentage degree (0%-100%) was expressed with the posi-

tive inflammatory slides divided by the total number of

slides (between 12 and 14 biopsied slides). The degree of HI
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was recorded routinely in the pathology report as continuous

(0%-100%) and binary (0% vs. 1%-100%) variables. 

2. Statistical analysis

The association between HI and cancer diagnosis and the

comparison between the cancer and non-cancer groups were

statistically analysed using Student’s t test, Wilcoxon’s rank-

sum test, Pearson’s chi-square test, and the binary logistic 

regression model with, p < 0.05 considered significant. The

sensitivity, specificity, positive predictive value (PPV), and

negative predictive value (NPV) of the HI degree in the inital

biopsied specimens were assessed to determine the adequate

predictive value of HI degree. All analyses were performed

by a biostatistician (B.P.) using SAS software, ver. 9.4 (SAS

Institute Inc., Cary, NC), and R software, ver. 3.3.3 (R Project

for Statistical Computing, Vienna, Austria).

3. Ethical statement

All study protocols were conducted according to the ethi-

cal guidelines of the “World Medical Association Declaration

of Helsinki-Ethical Principles for Medical Research Involving

Human Subjects.” This study was approved by the Institu-

tional Review Board of the Research Institute and Hospital

National Cancer Center (IRB No. NCC2018-0012). Written 

informed consent was waived from the IRB.

Total (n=522)
Cancer

p-value
No (n=264) Yes (n=258)

Age (yr) 67.2±8.7 65.1±7.8 69.3±9.0 < 0.001

Body mass index (kg/m2) 24.1±3.0 24.3±3.0 24.0±2.9 0.282

PSA (ng/dL) 6.5 (4.3-12.6) 5.2 (3.7-8.2) 9.9 (5.4-28.8) < 0.001

Underlying disease
Benign prostatic hyperplasia 337 (64.6) 211 (79.9) 126 (48.8) < 0.001

Prostatitis 44 (8.4) 34 (12.9) 10 (3.9) < 0.001

Diabetes 78 (14.9) 38 (14.4) 40 (15.5) 0.722

Hypertension 219 (42.0) 94 (35.6) 125 (48.5) 0.003

Cardio disease 30 (5.8) 13 (4.9) 17 (6.6) 0.414

Brain disease 17 (3.3) 9 (3.4) 8 (3.1) 0.843

Pre-biopsied blood analysis
Leukocyte 6.2 (5.2-7.2) 6.2 (5.2-7.3) 6.2 (5.2-7.2) 0.934

Lymphocyte 31.7 (25.8-38.4) 32.9 (26.6-38.6) 30.6 (25.4-38.3) 0.261

Monocyte 7.5 (6.3-9.0) 7.1 (6.2-8.8) 7.6 (6.3-9.3) 0.164

Neutrophil 56.2 (50.3-63.2) 55.2 (50.0-62.6) 56.7 (51.0-63.9) 0.258

Platelet 221 (186-259) 223.5 (181.8-266.2) 219.0 (188.2-250.5) 0.427

Absolute neutrophil count 3,390 (2,633-4,312) 3,342 (2,582-4,300) 3,459 (2,749-4,310) 0.595

Alkaline phosphatase 68.5 (58.0-85.0) 69.0 (56.3-82.8) 68.0 (58.3-86.0) 0.363

Creatinine 0.9 (0.8-1.1) 0.9 (0.8-1.0) 0.9 (0.8-1.1) 0.993

Blood urea nitrogen 15 (13-19) 15 (13-18) 16 (13-19) 0.129

Transaminases aspartate transaminase 22 (18-28) 21 (18-26) 23 (19-29) 0.067

Alanine transaminase 20 (15-28) 21 (15-27) 20 (14-28) 0.400

Initial biopsied inflammatory degree (%)
0 311 (59.6) 112 (42.4) 199 (77.1) < 0.001

> 0 211 (40.4) 152 (57.6) 59 (22.9)

Median (IQR) 25.0 (16.7-33.3) 25.0 (16.7-41.7) 16.7 (8.3-27.9) 0.002

Repeat biopsied inflammatory degree (%)
0 275 (52.7) 262 (99.2) 13 (5.0) < 0.001

> 0 247 (47.3) 2 (0.8) 245 (95.0)

Median (IQR) 41.7 (16.7-66.7) 25.0 (16.7-33.4) 41.7 (16.7-66.7) 0.290

Table 1. Summary of clinico-pathologic characteristics 

Values are presented mean±standard deviation, median (interquartile range), or number (%).  
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Results

1. Baseline characteristics

Among the 522 enrolled patients, 258 patients (49.4%) were
diagnosed with PC on repeat biopsy. The mean age and 
median initial PSA level were 67.2 years and 6.5 ng/dL 
respectively. On the initial prostate biopsied specimens, 211
patients (40.4%) had HI with a median inflammatory extent
of 25% (16.7%-33.3%). On repeat prostate biopsied speci-
mens, 247 patients (47.3%) had a median inflammatory 
extent of 41.7% (16.7%-66.7%) (Table 1). 

2. The baseline comparison between the cancer and non-
cancer groups

The comparison of baseline characteristics including labo-
ratory parameters and underlying diseases showed that the
cancer group (n=258) had significantly older, higher initial
PSA level and lesser proportion of benign prostatic hyper-
plasia and prostatitis with a higher rate of hypertension than
the non-cancer group (n=264, p < 0.05) (Table 1). Comparison
of the cancer revealed that a greater HI specimen in the initial
biopsy was associated with fewer PC diagnoses following 
repeat biopsy (p < 0.001). The rate of patients with HI on ini-
tial (57.6% vs. 22.9%) and repeat biopsied (0.8% vs. 95.0%)
specimens also showed significant differences (p < 0.001). A
significantly lesser degree of HI on initial biopsy (a median
degree of HI, 25.0% vs. 16.7%; p=0.002) and insignificantly
higher degree of HI on repeat biopsy (25.0% vs. 41.7%,
p=0.290) were detected in the cancer group (Table 1). Among
the cancer group, the pathological characteristics showed
that a median of 33.3% of tumour was detected on repeat
biopsy with Gleason scores 8 (11.1%) and 9 (13.5%). The clin-
ical TN stages were 20.4%, 11.0%, and 19.2% of cT3, cT4, and
cTxN1, respectively (Table 2).

3. Logistic regression model for cancer diagnosis in initial
and repeat biopsy

The degree of HI on initial biopsy had significant associa-
tion with PC in univariable and multivariable models (p <
0.001) (Table 3). In univariable model, the patients with HI
had lower PC diagnoses than the patients without HI (odds
ratio [OR], 0.22; 95% confidence interval [CI], 0.15 to 0.32; p
< 0.001). The similar results were obtained in the multivari-
able model with adjusted age and PSA (OR, 0.22; 95% CI, 0.15
to 0.33; p < 0.001; OR, 0.30; 95% CI, 0.20 to 0.44; p < 0.001, for
each model). Diagnostic tests to determine the sensitivity,
specificity, PPV, and NPV were performed at various cut-off
points of HI degree in the initial biopsy (S1 Table). If PC was

predicted based on 0% HI degree, the performance values
were 77.1% and 57.6% of sensitivity and specificity, respec-
tively. Additionally, if PC was predicted based on HI degree
with one of the 12 biopsy cores (8.3%), the performance was
84.1% of sensitivity and 46.6% of specificity.

4. The subgroup analysis for patients underwent both ini-
tial and repeat biopsy at same institution 

As for the 98 patients who underwent initial and repeat
TRUS-Bxs at the National Cancer Center, the comparison of
baseline characteristics between the cancer and non-cancer
groups showed similar statistical results as that of all 522 
patients, with the exception of prostatitis and hypertension
being the insignificantly different underlying disease (p <
0.05). Additionally, the degree of HI of the initial biopsied
specimen (analysed as a continuous variable) was not signif-
icantly different between the cancer and non-cancer groups
(p=0.291) (Table 4). Diagnostic tests for the sensitivity, speci-
ficity, PPV, and NPV among the 98 patients showed that if
PC was predicted based on a 0% HI degree, the performance
values were 71.1% and 55.0% for sensitivity and specificity,
respectively. Additionally, if PC was predicted based on the

Table 2. The cancer-diagnosed patients’ characteristics 

Values are presented as median (interquartile range) or num-
ber (%).

Value (n=258)
Tumour volume percentage (0%-100%) 33.3 (16.7-58.3)
Apex tumour

No 54 (21.4)
Yes 198 (78.6)

Gleason score
6 107 (42.5)
7 83 (32.9)
8 28 (11.1)
9 34 (13.5)

Clinical T category
T1 89 (36.3)
T2 79 (32.2)
T3 50 (20.4)
T4 27 (11.0)

Clinical N category
N0 198 (80.8)
N1 47 (19.2)

Clinical stage grouping
cT1c-cT2b 135 (55.1)
cT2c 28 (11.4)
cT3-cT4 35 (14.3)
LN+ 47 (19.2)
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Table 3. Univariable and multivariable model logistic regression model for cancer diagnosis in initial and repeat biopsy

CI, confidence interval; PSA, prostatic specific antigen.

Odds ratio (95% CI) p-value

Age 1.06 (1.04-1.08) < 0.001

Body mass index 0.97 (0.91-1.03) 0.281

PSA 1.06 (1.03-1.08) < 0.001

Initial biopsied inflammatory degree

Crude model

No 1 (reference)

Yes 0.22 (0.15-0.32) < 0.001

Amount (%) 0.97 (0.95-0.99) 0.003

Adjusted for age

No 1 (reference)

Yes 0.22 (0.15-0.33) < 0.001

Amount (%) 0.97 (0.95-0.99) 0.002

Adjusted for age, PSA 

No 1 (reference)

Yes 0.30 (0.20-0.44) < 0.001

Amount (%) 0.97 (0.95-0.99) 0.002

Repeat biopsied inflammatory degree 

Crude model; amount (%) 1.04 (0.96-1.12) 0.356

Adjusted for age; amount (%) 1.04 (0.96-1.12) 0.361

Adjusted for age, PSA; amount (%) 1.04 (0.96-1.12) 0.359

Total (n=98)
Cancer

p-value
No (n=60) Yes (n=38)

Age (yr) 68.1±7.8 66.3±6.2 71.1±9.1 0.005

Body mass index (kg/m2) 24.3±2.9 24.8±3 23.6±2.7 0.052

PSA (ng/dL) 6.8 (3.8-10.6) 6.3 (3.7-9.8) 9.1 (3.8-11.5) 0.221

Underlying disease

Benign prostatic hyperplasia 70 (71.4) 54 (90.0) 16 (42.1) < 0.001

Prostatitis 5 (5.1) 5 (8.3) 0 ( 0.153

Diabetes 11 (11.2) 6 (10.0) 5 (13.2) 0.746

Hypertension 38 (38.8) 24 (40.0) 14 (36.8) 0.755

Cardio disease 3 (3.1) 2 (3.3) 1 (2.6) > 0.999

Brain disease 2 (2.0) 2 (3.3) 0 ( 0.520

Initial biopsied inflammatory degree (%)

0 54 (55.1) 27 (45.0) 27 (71.1) 0.012

> 0 44 (44.9) 33 (55.0) 11 (29.0)

Median (IQR) 33.3 (16.7-41.7) 33.3 (16.7-50.0) 25 (16.7-41.7) 0.291

Repeat biopsied inflammatory degree (%)

0 63 (64.3) 59 (98.3) 4 (10.5) < 0.001

> 0 35 (35.7) 1 (1.7) 34 (89.5)

Median (IQR) 33.3 (16.7-50.0) 8.3 (8.3-8.3) 33.3 (16.7-50.0) 0.148

Table 4. Summary of clinicopathologic characteristics 

Values are presented mean±standard deviation, median (IQR), or number (%). PSA, prostatic specific antigen; IQR, interquar-

tile range.
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degree of HI from one of the 12 biopsy cores (8.3%), the per-
formance was 73.7% for sensitivity and 48.3% for specificity
(S2 Table).

Discussion

Despite the initial prostate biopsy yielding negative results
for PC, a repeat prostate biopsy is indicated for differentiat-
ing PC from other benign prostatic diseases in high-risk 
patients during active surveillance. This study focused on
both the initial and repeat biopsies in relation to HI in the
biopsied prostate specimens for screening of PC in patients
with a high suspicion of PC. 

HI and tumorigenesis are known to be closely related.
Among the diverse aetiologies of PC, several instances of
chronic HI can cause tumours, and the interaction between
immune cells can stimulate tumour cell proliferation, pro-
gression, and angiogenesis through producing reactive oxy-
gen species and inflammatory processes, resulting in protein
and tissue damage and permanent DNA damage [8,9]. Acti-
vation of oncogenes, inactivation of anti-oncogenes or chro-
mosomal rearrangements, and other reasons may also be
related to inflammatory processes that activate the nuclear
transcription factor in tumour cells, which then promote the
tumour cells to produce more chemokines, cytokines, cycl-
ooxygenase 2, and vascular endothelial growth factor, as well
as other inflammatory factors [10-12]. 

HI is not only one of the risk factors of PC, it is also asso-
ciated with proliferative inflammatory atrophy and prostatic
intraepithelial neoplasia, which are precursors of PC cell 
development [5,13]. The rate of PC incidence reduces after
controlling HI with anti-inflammatory agents, which further
supports the close relationship between HI and PC develop-
ment [4,14]. A recent study showed that mRNA and protein
expression levels of inflammatory factors, such as inducible
nitric oxide synthase, vascular endothelial growth factor, 
interleukin-2 and -8, and tumour necrosis factor !, were sig-
nificantly increased in PC, as well as in the benign prostatic
hyperplasia+prostatitis group compared to the benign pro-
static hyperplasia group (p < 0.05) [11]. Vasavada et al. [14]
performed a meta-analysis including 20,585 subjects and
6,641 PC cases and demonstrated that HI on TRUS-Bx was
associated with lower PC risk, which was similar to the find-
ings of this study.

However, other biopsy studies, one recent meta-analysis,
and another retrospective immunohistochemical study 
reported no significant association or borderline negative 
association between HI on biopsied prostate specimens and
PC screening on TRUS-Bx [6]. Yli-Hemminki et al. [4] used

the histological grading (0-3) degree of acute and chronic HI
states in 293 initial prostate biopsies, and indicated that HI
in a prostate biopsy was not a useful risk indicator of PC
screening. 

The present study also showed the significant association
between HI on biopsied specimens and PC. Specifically, a
significantly lower degree of HI on initial biopsy and an 
insignificantly greater degree of HI on repeat biopsy were
related to PC diagnosis (p < 0.05) (Table 3). This significant
finding of HI on initial TRUS-Bx was similar to that of Vasa-
vada et al. [14], and the insignificant HI on repeat TRUS-Bx
was similar to the findings presented by Yli-Hemminki et al.
[4]. This indicates that already known prostatitis or BPH with
rapidly increasing PSA level within a short interval was
likely caused by HI, and not by PC itself. The complete 
absence of HI or at least one core of positive HI on initial
biopsy in high-risk patients had a sensitivity between 77.1%-
84.1%, with a NPV of 72%-75% and a specificity of cancer
screening of 46.6%-57.6% (S1 and S2 Tables). 

The insignificantly greater HI on repeat biopsy relating to
PC was further analysed in response to the time interval 
between the initial and repeat biopsies. In the biopsy slides
of the 98 patients who underwent both initial and repeat
biopsies at the National Cancer Center, PC was detected with
greater HI on the repeat biopsy with a shorter time interval
between biopsies. This meant that the abruptly increased HI
on the prostate with increased PSA velocity had a higher
chance of having PC, whereas those with slowly increasing
HI with slow PSA velocity had a lesser degree of PC (data
not shown) [15]. 

Thereby, several alternative strategies exist for identifying
men who may be at risk for PC, despite negative findings on
biopsy sample analysis [2]. The use of other serum PSA-
related and urinary measurements, such as urinary trans-
membrane protease serine 2-E26 transformation specific fam-
ily membrane gene fusion RNA, enable more sensitive and
specific diagnosis and can be combined with the knowledge
of clinicopathological features to improve outcomes. Other
options include the Food and Drug Administration-appro-
ved Progensa PCA3 RNA test and prostate imaging using
magnetic resonance imaging (MRI). Newer tissue-based 
assays that measure methylation changes in normal prostate
tissue are currently being developed. A cost-effective strat-
egy is proposed in order to address this challenging clinical
scenario, and potential directions of future studies in this
area are also described.

As for the clinically significant PC, about 57.5% of patients
had a significant Gleason score of > 7, and 33.5% had 
advanced PC (T3-4N0M0, LN+) (Table 2). Most of the PC had
apical lesion tumours (78.6%), similar to previous studies
[16]. Prostate biopsy via the transrectal approach has some
limitations with regards to underdetection and undergrading
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of clinically significant PC and the number of cores and 
location for systematic sampling due to the fact that the 
direction of the ultrasonographic probe is not easily accessi-
ble to the apex of the prostate, as well as the risk of bleeding
at the hypervascular apical area [16,17]. Concurrent multi-
parametric MRI with transperineal prostatic biopsy was 
recently proposed as a solution to reduce overdiagnosis and
subsequent overtreatment, with a 44%-87% detection rate of
significant PC; this was similar to the 49.4% missed diagnosis
rate from initial biopsy in this study [18,19]. These findings
are notable as other studies have reported a 10%-22% detec-
tion rate on repeat biopsy [20]. However, a limitation exists
for the multiparametric MRI, especially for detecting apical
tumours. Lesions that are small in size and are located at the
margin of the prostate are unnoticed on diffusion-weighted
imaging protocols due to signals received from surrounding
benign prostatic tissue that overshadows the lesion [21,22].
In response, Ukimura et al. [17] advised to obtain samples
from the anterior apex, anterior lateral horn, and anterior
transition zone in the repeat TRUS-Bx to increase the accu-
racy of detecting PC [23]. 

This study had several limitations, including its retrospec-
tive design and small-sized biopsied samples. Further imag-
ing characteristics of MRI in the cancer group were not
assessed to correlate with the HI degree of histologic slides
for better understanding of the HI aspects on PC, and the 
insignificant inflammatory laboratory parameters were not
discussed. However, this was the first study to evaluate the

extent of HI degree in percentages in both initial and repeat
biopsied prostate specimens, and the current debate and clin-
ical dilemma of the significant role of HI of prostate biopsy
have been proven in concordance with previous studies. Fur-
ther studies with prospectively designed biopsies are war-
ranted to solve the serum inflammatory parameters inclu-
ding cytokines and the degree of inflammation on prostate
for those PC and non-PC patients. 

This study showed a significantly close association bet-
ween prostatic inflammation and PC on both initial and 
repeat biopsies. A finding of a lesser degree of HI in the ini-
tial and a greater degree of HI in the repeat biopsied speci-
mens was associated with a higher probability of cancer
diagnosis in patients with high PSA levels. 
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Purpose
Rituximab with cyclophosphamide, doxorubicin, vincristine, and prednisone administered
every 3 weeks (R-CHOP-21) is the standard care for diffuse large B-cell lymphoma (DLBCL).
It is unknown whether the dose-dense R-CHOP (R-CHOP-14) could improve the outcome of
the disease in Asian population.  

Materials and Methods
Newly diagnosed DLBCL patients were centrally, randomly assigned (1:1) to receive R-CHOP-
14 or R-CHOP-21. R-CHOP-14 was administered every 2 weeks, and R-CHOP-21 was 
administered every 3 weeks. Primary end point was disease-free survival (DFS). Secondary
end points included overall survival (OS), progression-free survival (PFS), response rate and
toxicities. 

Results
Seven hundred and two patients were randomly assigned to receive R-CHOP-14 (n=349)
or R-CHOP-21 (n=353). With a median follow-up of 45.6 months, the two groups did not
differ significantly in 3-year DFS (79.6% for R-CHOP-14 vs. 83.2% for R-CHOP-21, p=0.311),
3-year OS (77.5% for R-CHOP-14 vs. 77.6% for R-CHOP-21, p=0.903), or 3-year PFS (63.2%
for R-CHOP-14 vs. 66.1% for R-CHOP-21, p=0.447). Patients with an International Prognostic
Index (IPI) score ! 2 had a poorer prognosis compared to those with an IPI score < 2. Grade
3/4 hematologic and non-hematologic toxicities were manageable and similar between 
R-CHOP-14 and R-CHOP-21.       

Conclusion
R-CHOP-14 did not improve the outcome of DLBCL compared to R-CHOP-21 in Asian pop-
ulation. With manageable and similar toxicities, both of the two regimens were suitable for
Asian DLBCL patients. For high-risk patients with IPI ! 2, new combination regimens based
on R-CHOP deserve further investigation to improve efficacy.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most fre-
quent B-cell non-Hodgkin lymphoma (NHL) subtype, accoun-
ting for one-third of all cases [1]. In the pre-rituximab era, the
cyclophosphamide, doxorubicin, vincristine, and prednisone
(CHOP) combination chemotherapy regimen administered
every 3 weeks (CHOP-21) has been the gold standard treat-
ment for DLBCL. Numerous randomized studies have inves-
tigated the efficacy of dose-intensified regimens and demon-
strated that the CHOP regimen repeated every 2 weeks
(CHOP-14) is superior to standard CHOP-21 [2,3].

Since rituximab, a human-mouse chimeric monoclonal 
antibody to the CD20 antigen located on B lymphocytes, was
incorporated into combination chemotherapy, the outcome
of DLBCL has substantially improved compared with che-
motherapy alone in all age groups without additional serious
toxicity. This finding has been confirmed by several interna-
tional, multi-center, randomized studies, establishing ritux-
imab-CHOP (R-CHOP) given every 3 weeks (R-CHOP-21) as
the new standard, first-line chemotherapy for DLBCL [4-6].
However, the prognosis of high-risk patients, as indicated by
the International Prognostic Index (IPI), is unfavorable, even
under R-CHOP-21 therapy, with a 5-year overall survival
(OS) rate of less than 50% [7]. 

Consequently, a series of studies have focused on whether
the dose-dense R-CHOP regimen, which is administered
every 2 weeks (R-CHOP-14), would offer an efficacy benefit
compared with conventional R-CHOP-21 [8,9]. We initiated
this prospective, multicenter, randomized, controlled, phase
3 clinical trial to compare the efficacy and safety of first-line
treatment with R-CHOP-14 and R-CHOP-21 in adult Chinese
patients with previously untreated DLBCL. 

Materials and Methods

1. Patient population

Patients were eligible if they met the following criteria:
were 18 years of age or older; had histologically confirmed
DLBCL; did not undergo previous treatments, including 
radiotherapy, chemotherapy and surgery; had radiographi-
cally measurable disease; exhibited an Eastern Cooperative
Oncology Group (ECOG) performance status of 3 or less; had
a life expectancy longer than 3 months; and exhibited ade-
quate organ function, including bone marrow (white blood
cell ! 3.5"109/L, hemoglobin > 100 g/L, platelet > 90"109/L),
liver and renal function. Patients were excluded if they met

any of the following criteria: had transformed lymphoma;
primary central nervous system or testicular lymphoma; a
history of other malignancies; other severe comorbidities;
were lactating or pregnant; or exhibited any other positive
viral markers (except hepatitis B virus [HBV]). For HBV 
infection, patients were eligible if: hepatitis B virus surface
antigen (HBsAg) positive with serum HBV DNA levels less
than 1"105 copies/mL and normal liver function irrespective
of the status of hepatitis B e antigen (HBeAg) and hepatitis B
core antibody (HBcAb), or HBsAg and HBeAg negative,
HBcAb positive with serum HBV DNA levels undetectable
and normal liver function.

Histologic diagnosis was centrally reviewed by an expert
hematopathologist according to the World Health Organiza-
tion classification. Molecular phenotype was determined
using the Hans criteria to classify cases into germinal center
B-cell like (GCB) and non-germinal center B-cell like (non-
GCB) groups [10].

2. Study design, randomization and masking

This multicenter, randomized, open-label, phase 3 study
was conducted at 14 medical centers in China. The study was
initially designed to compare the efficacies of CHOP-14, R-
CHOP-21, and R-CHOP-14 in treating newly diagnosed
DLBCL, and eligible patients were centrally, randomly assig-
ned to the three arms in a 1:1:1 ratio. Given that CHOP-14
had not been considered as a standard regimen for DLBCL
since 2009, the enrollment of the CHOP-14 group was termi-
nated in December 2010 with the approval of the Ethics Com-
mittee. Then, the protocol was updated in January 2011, and
subsequent patients were centrally, randomly assigned to
treatment with R-CHOP-14 or R-CHOP-21 in a 1:1 ratio by
an independent statistician using a computer-generated ran-
domization schedule. Randomization was stratified by par-
ticipating center. The randomization code was provided in
sealed envelopes. Investigators and patients were not blin-
ded to treatment assignment. The data collection staff and
the statistician were unaware of treatment assignment. 

3. Treatment

The standard R-CHOP regimen consisted of rituximab (375
mg/m2 administered intravenously on day 1), cyclophos-
phamide (750 mg/m2 administered intravenously on day 2),
doxorubicin (50 mg/m2 administered intravenously on day
2), vincristine (1.4 mg/m2 up to a maximal dose of 2 mg, 
administered intravenously on day 2), and prednisone (60
mg/m2/day for 5 days). R-CHOP-14 was administered every
2 weeks with prophylactic recombinant human granulocyte
colony-stimulating factor (G-CSF) from day 7 of each cycle
for 6 to 8 days at 1 to 2 µg/kg daily. R-CHOP-21 was admin-
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istered every 3 weeks with G-CSF administered at the inves-
tigator’s discretion. If the neutrophil count was less than
1.5!109/L or the platelet count was less than 100!109/L on
the scheduled day, chemotherapy was postponed until 
recovery of neutrophils and platelets from the low ebb of
myelosuppression to minimal values. Patients would be
withdrawn from the study if treatment was delayed more
than 21 days due to hematological toxicity.

Dosage modification of cytotoxic agents (cyclophospha-
mide and doxorubicin) was allowed if there was an 8- to 21-
day delay due to neutropenia or thrombocytopenia. The
doses of cyclophosphamide and doxorubicin were reduced
by 25% in cases of an 8- to 14-day delay and 50% in cases of
a 15- to 21-day delay, respectively. Non-hematologic toxici-
ties were also taken into consideration for dosage modifica-
tion at the investigator’s discretion. 

For limited-stage DLBCL, patients with bulky disease or
any adverse risk factors, including a high lactate dehydroge-
nase (LDH) level, stage II, age older than 60 years and ECOG
" 2, received 6 cycles of R-CHOP chemotherapy followed by
involved field radiation therapy (IFRT), whereas patients
without adverse risk factors received 3 to 4 cycles of R-CHOP
chemotherapy followed by IFRT. For advanced-stage dis-
ease, patients received 6 to 8 cycles of R-CHOP with radia-
tion therapy added to residual disease. The radiotherapy
dose was 30 to 40 Gy. Prophylactic treatment for central
nervous system relapse consisted of intrathecal 15 mg metho-
trexate and 30 mg cytarabine at each cycle of chemotherapy,
which was recommended for patients with bone marrow,
paranasal sinuses, orbit, or testis involvement.

For patients with HBV infection, prophylactic entecavir
(0.5 mg/day) or lamivudine (100 mg/day) was administered
1 week before chemotherapy and withdrawn 6 months after
completion of chemotherapy for those with positive HBsAg,
serum HBV DNA levels less than 1!103 copies/mL, and no
prior antiviral therapy. Those who had serum HBV DNA
levels higher than 1!103 copies/mL and less than 1!105

copies/mL were administered with entecavir 0.5 mg once
daily. For those who have received prior anti-viral therapy,
the previous anti-viral agent was continued. No anti-viral
agents were administered to patients with negative HBsAg,
HBeAg and positive HBcAb.

4. Assessments

Baseline assessments included the following: a medical
history and physical examination; ECOG performance status;
laboratory studies, including complete blood cell (CBC)
counts, blood biochemistry, urinalysis and pregnancy test;
electrocardiogram; contrast-enhanced computed tomogra-
phy (CT) scanning of the neck, chest, abdomen and pelvis
with or without positron emission tomography (PET), which

was performed at the discretion of investigators; and a bone
marrow biopsy. All assessments were performed within 14
days before randomization.

During treatment, efficacy assessment was performed after
every two cycles of R-CHOP chemotherapy and after treat-
ment completion by means of physical examination and con-
trast-enhanced CT scanning of neck, chest, abdomen and
pelvis with or without PET at the discretion of the investiga-
tors. CBC counts were monitored every 2 to 3 days after each
cycle. Blood biochemistry was repeated before each cycle.
During the follow-up period, physical examination, labora-
tory tests and CT scanning were administered every 3
months for 2 years, then every 6 months for 3 years, and then
every year. 

Patients with HBV infection were monitored for HBV-
DNA levels at baseline, before each chemotherapy cycle, and
at each follow-up visit. 

5. Statistical analysis

The primary efficacy end point was disease-free survival
(DFS). Secondary end points included OS, progression-free
survival (PFS), response rate and safety. DFS was calculated
from the time of complete response (CR) or unconfirmed
complete response (CRu) until relapse, death from any cause,
or date of last censoring, whichever came first. OS was cal-
culated from the time of randomization until death from any
cause or date of last censoring. PFS was calculated from the
time of randomization until disease progression, relapse,
death from any cause, or date of last censoring. Responses,
classified as CR, CRu, partial response (PR), stable disease,
and progressive disease, were evaluated according to CT
scanning results using the standardized response criteria for
non-Hodgkin's lymphomas [11]. Each adverse event was
evaluated and graded according to the National Cancer 
Institute (NCI) Common Toxicity Criteria for Adverse Events
(CTCAE) ver. 3.0 [12].

The study was designed to demonstrate an improvement
of 12% in 5-year DFS from 50% for R-CHOP-21 compared
with 62% for R-CHOP-14 with a hazard ratio (HR) of 0.69.
Taking a 5% case drop into consideration, a total sample size
of 454 patients was required to provide the study with 80%
statistical power and a 2-sided significance level of 5% over
36 months of accrual and 60 months of follow-up.

The data were analyzed on an intention-to-treat analysis.
All randomized patients whose intervention was discontin-
ued were included in the analysis. All patients who received
at least one dose of study treatment were included in the
safety analysis. 

Baseline characteristics were summarized and described
in a frequency list. Pearson chi-square test or Fisher exact test
was performed to compare the proportion of patients with
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CR, CRu, and PR for R-CHOP-14 vs. R-CHOP-21. The 
Kaplan-Meier method was used to estimate survival distri-
butions, and the log-rank test was used to compare survival
curves. Univariate and multivariate analysis using Cox 
regression were performed to assess the association of pre-
treatment factors with DFS and OS. Statistical analyses were
performed by investigators at the Cancer Center of Sun Yat-
sen University using SPSS software ver. 16.0 (SPSS Inc.,
Chicago, IL). This study was registered with Clinical Trials.
gov, number NCT01793844, and Chictr.org.cn, number Chi-
CTR-TRC-11001687.

6. Ethical statement

This study complied with all provisions of the Declaration
of Helsinki and was conducted in accordance with Good
Clinical Practice guidelines. The protocol was approved by
the Institutional Review Boards of the lead center, Sun-Yat
Sen University Cancer Center (YP2011042), and every other
participating center. All patients provided written informed
consent.

Results

1. Patient characteristics

Between January 10, 2008 and December 22, 2014, a total
of 702 newly diagnosed DLBCL patients were enrolled with

349 randomly assigned to R-CHOP-14 and 353 to R-CHOP-
21 (Fig. 1). Baseline characteristics of patients, including sex,
age, presence of B symptoms (fever with body temperature
greater than 38 degrees, night sweat, or weight loss of greater
than 10% in 6 months with unknown reason), ECOG per-
formance status, LDH level, number of extranodal sites, pres-
ence of bulky disease (a mass that was at least 10 cm in
diameter), Ann Arbor stage, IPI, and molecular phenotype
(assessable for 608 patients), were well balanced between the
two groups (Table 1). 

Among the 349 patients in the R-CHOP-14 group, 326
(93.4%) patients completed the protocol treatment, and 23
patients discontinued treatment due to disease progression
(n=3), consent withdrawal (n=6), investigator decision (n=7),
adverse events (n=5) and coexistent disease (n=2). Among
the 353 patients in the R-CHOP-21 group, 328 (92.9%) pati-
ents completed the protocol treatment, and 25 patients dis-
continued treatment due to disease progression (n=8), con-
sent withdrawal (n=9), investigator decision (n=5), and 
adverse events (n=3). 

2. Treatment delivery

The relative dose was calculated on the basis of the ratio
of the agent doses actually administered over the intended
doses. The median relative doses in the R-CHOP-14 and 
R-CHOP-21 groups were as follows: 98% (interquartile
range, 94% to 101%) and 98% (94% to 103%) for rituximab,
respectively; 98% (95% to 100%) and 97% (95% to 99%) for
cyclophosphamide, respectively; 98% (96% to 101%) and 98%
(95% to 100%) for doxorubicin, respectively; 100% (100% to

Cancer Res Treat. 2019;51(3):919-932

Patients randomly assigned (n=702)

Assigned to R-CHOP-14 (n=349) Assigned to R-CHOP-21 (n=353)

Treated (n=349) Treated (n=353)

Included in safety analysis (n=349)
Included in intention-to-treat analysis (n=349)

Included in safety analysis (n=353)
Included in intention-to-treat analysis (n=353)

Discontinued treatment (n=23)
  Disease progression (n=3)
  Withdrew consent (n=6)
  Investigator decision (n=7)
  Adverse events (n=5)
  Coexistent disease (n=2)

Discontinued treatment (n=25)
  Disease progression (n=8)
  Withdrew consent (n=9)
  Investigator decision (n=5)
  Adverse events (n=3)

Fig. 1. CONSORT diagram.
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100%) and 100% (100% to 100%) for vincristine, respectively;
and 98% (94% to 101%) and 98% (94% to 101%) for pred-
nisone, respectively (Table 2). The relative dose intensity was
calculated based on the ratio of the agent doses actually 
administered in the actual time over the intended dose in the
intended time. The median relative dose intensities in the 
R-CHOP-14 and R-CHOP-21 groups were as follows: 92%
(interquartile range, 88% to 97%) and 93 % (87% to 98%) for
rituximab, respectively; 90% (87% to 93%) and 91% (87% to

95%) for cyclophosphamide, respectively; 90% (86% to 95%)
and 92% (88% to 97%) for doxorubicin, respectively; 91%
(88% to 95%) and 94% (90% to 97%) for vincristine, respec-
tively; and 91% (86% to 97%) and 91% (86% to 97%) for pred-
nisone, respectively (Table 3). One hundred fifty-nine pati-
ents (45.6%) in R-CHOP-14 group and 145 patients (41.1%)
in R-CHOP-21 group received radiotherapy after chemother-
apy.

Table 1. Baseline characteristics

Values are presented as number (%) unless otherwise inidcated. ECOG, Eastern Cooperative Oncology Group; LDH, lactate
dehydrogenase; IPI, International Prognostic Index; GCB, germinal center B-cell like.

Characteristic R-CHOP-14 (n=349) R-CHOP-21 (n=353)
Sex

Male 198 (56.7) 209 (59.2)
Female 151 (43.3) 144 (40.8)

Age (yr)
Median (interquartile range) 50 (38-60) 54 (42-64)
> 60 102 (29.2) 125 (35.4)

B symptoms
Present 88 (25.2) 99 (28.0)
Absent 261 (74.8) 254 (72.0)

ECOG performance status
0-1 310 (88.8) 311 (88.1)
! 2 39 (11.2) 42 (11.9)

LDH
Increased 156 (44.7) 145 (41.1)
Normal 193 (55.3) 208 (58.9)

Extranodal sites
0-1 235 (67.3) 247 (70.0)
! 2 114 (32.7) 106 (30.0)

Bulky disease
Present 40 (11.5) 30 (8.5)
Absent 309 (88.5) 323 (91.5)

Ann Arbor stage
" 63 (18.1) 52 (14.7)
# 99 (28.4) 93 (26.3)
$ 69 (19.8) 102 (28.9)
% 118 (33.8) 106 (30.0)

IPI
0 85 (24.4) 68 (19.3)
1 79 (22.6) 85 (24.1)
2 81 (23.2) 91 (25.8)
3 78 (22.3) 70 (19.8)
4 24 (6.9) 33 (9.3)
5 2 (0.6) 6 (1.7)

Phenotype 297 ( 311 (
GCB 137 (46.1) 142 (45.7)
Non-GCB 160 (53.9) 169 (54.3)
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3. Efficacy

In the R-CHOP-14 group, 241 patients achieved a CR or
CRu (69.1%), and 72 patients achieved a PR (20.6%). In the
R-CHOP-21 group, 255 patients achieved a CR or CRu
(72.2%), and 64 patients achieved a PR (18.1%). No difference
was observed in the CR and CRu rate (69.1% vs. 72.2%,
p=0.294) or overall response rate (89.7% vs. 90.4%, p=0.588)
between the two regimens (Table 4). 

With a median follow-up of 45.6 months (interquartile
range, 27.3 to 63.0 months), the estimated 3-year DFS was
79.6% for patients receiving R-CHOP-14 compared with
83.2% for those receiving R-CHOP-21 (HR, 1.230; 95% confi-
dence interval [CI], 0.824 to 1.836; p=0.311). The 3-year OS
were 77.5% with R-CHOP-14 vs. 77.6% with R-CHOP-21
(HR, 0.982; 95% CI, 0.728 to 1.324; p=0.903). The 3-year PFS
were 63.2% for patients receiving R-CHOP-14 and 66.1% for

those receiving R-CHOP-21 (HR, 1.101; 95% CI 0.859 to 1.413;
p=0.447). No difference was noted between the two treat-
ment groups with respect to DFS (Fig. 2A), OS (Fig. 2B), or
PFS (Fig. 2C).

Subgroup analyses were performed to evaluate the effect
of stratification factors (age, sex, B symptom, ECOG perform-
ance status, bulky disease, number of extranodal sites, LDH
level, Ann Arbor stage, IPI, and subtype) on DFS (Fig. 3A)
and OS (Fig. 3B). For DFS, patients with poor ECOG per-
formance status (2-3) benefitted more from R-CHOP-21 treat-
ment. For OS, no factors had predictive significance on the
survival benefit of R-CHOP-14 or R-CHOP-21.

Univariate and multivariate analyses using Cox regression
were performed to evaluate the prognostic significance of
pre-treatment factors on DFS and OS, including sex, age, B
symptom, ECOG performance status, bulky disease, extran-
odal sites, LDH, Ann Arbor stage, IPI, phenotype, and treat-

Cancer Res Treat. 2019;51(3):919-932

Table 2. Median relative dose

Values are presented as median (interquartile range).

Agent R-CHOP-14 (n=349) R-CHOP-21 (n=353)
Rituximab (%) 98 (94-101) 98 (94-103)
Cyclophosphamide (%) 98 (95-100) 97 (95-99)
Doxorubicin (%) 98 (96-101) 98 (95-100)
Vincristine (%) 100 (100-100) 100 (100-100)
Prednisone (%) 98 (94-101) 98 (94-101)

Table 3. Median relative dose intensity

Values are presented as median (interquartile range).

Agent R-CHOP-14 (n=349) R-CHOP-21 (n=353)
Rituximab (%) 92 (88-97) 93 (87-98)
Cyclophosphamide (%) 90 (87-93) 91 (87-95)
Doxorubicin (%) 90 (86-95) 92 (88-97)
Vincristine (%) 91 (88-95) 94 (90-97)
Prednisone (%) 91 (86-97) 91 (86-97)

Table 4. Response to treatment

Values are presented as number (%).

Response R-CHOP-14 (n=349) R-CHOP-21 (n=353) p-value
Complete response and unconfirmed complete response 241 (69.1) 255 (72.2) 0.294
Partial response 72 (20.6) 64 (18.1)
Stable disease 8 (2.3) 8 (2.3)
Progressive disease 27 (7.7) 23 (6.5)
Overall response 313 (89.7) 319 (90.4) 0.588
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ment assignment (Table 5). In univariate analysis, male, poor
ECOG performance status (2-3), bulky disease, increased
LDH, advanced Ann Arbor stage, and higher IPI (3-5) were
associated with worse DFS. Male, age older than 60, poorer
ECOG performance status (2-3), more than one extranodal
site, increased LDH, advanced Ann Arbor stage, and higher
IPI (3-5) were associated with worse OS. In multivariate
analysis, male predicted worse DFS, and male, older age and
increased LDH predicted worse OS. Female patients exhib-
ited a better DFS and OS probably due to an increased pro-
portion of high-risk (IPI 3-5) patients in the male population
than in the female population (33.7% vs. 25.8%, p=0.025).

The estimated 3-year DFS (Fig. 4A) were 88.2% (95% CI,
84.1 to 92.3), 74.3% (95% CI, 66.3 to 82.3), and 73.4% (95% CI,
65.4 to 81.4) for patients with IPI scores of 0-1, 2, and 3-5, 

respectively. The 3-year OS (Fig. 4B) and PFS (Fig. 4C) rates
were 86.8% (95% CI, 83.1 to 90.5), 76.0% (95% CI, 69.5 to 82.5),
and 65.0% (95% CI, 58.5 to 71.5) and 76.5% (95% CI, 71.8 to
81.2), 57.5% (95% CI, 50.1 to 65.0), and 52.1% (95% CI, 45.0 to
59.2) for the three risk groups, respectively. Patients with IPI
! 2 exhibited poorer prognosis compared with IPI 0-1 (Table 6,
Fig. 4). 

4. Safety

The incidences of grade 3/4 leukopenia and neutropenia
were slightly increased with R-CHOP-21 compared to 
R-CHOP-14, but this difference did not achieve significance.
The frequencies of grade 3/4 anemia, thrombocytopenia, and
non-hematologic toxicities were similar between the two

Xueying Li, R-CHOP-14 versus R-CHOP-21 in DLBCL

Fig. 2.  Disease-free survival by treatment (A), overall survival by treatment (B), and progression-free survival by treatment
(C). R-CHOP-24, rituximab with cyclophosphamide, doxorubicin, vincristine, and prednisone administered every 2 weeks;
R-CHOP-21, rituximab with cyclophosphamide, doxorubicin, vincristine, and prednisone administered every 3 weeks.
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Fig. 3.  Subgroup analyses of disease-free survival (A) and overall survival (B). CI, confidence interval; ECOG PS, Eastern
Cooperative Oncology Group performance status; LDH, lactate dehydrogenase; IPI, International Prognostic Index; GCB,
germinal center B-cell like. (Continued to the next page)
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Fig. 3.  (Continued from the previous page) 
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Xueying Li, R-CHOP-14 versus R-CHOP-21 in DLBCL

Probability (95% CI)
IPI 0-1 (n=317) IPI 2 (n=172) IPI 3-5 (n=213)

p-valuea) p-valueb)

3-Year DFS 0.882 (0.841-0.923) 0.743 (0.663-0.823) 0.734 (0.654-0.814) < 0.001 0.779

3-Year OS 0.868 (0.831-0.905) 0.760 (0.695-0.825) 0.650 (0.585-0.715) < 0.001 0.014

3-Year PFS 0.765 (0.718-0.812) 0.575 (0.501-0.650) 0.521 (0.450-0.592) < 0.001 0.169

Table 6. Survival parameters of different risk groups

CI, confidence interval; IPI, International Prognostic Index; DFS, disease-free survival; OS, overall survival; PFS, progres-

sion-free survival. a)Patients with IPI 2 compared with patients with IPI 0-1, b)Patients with IPI 3-5 compared with patients

with IPI 2.

Fig. 4.  Disease-free survival by International Prognostic Index (IPI) (A), overall survival by IPI (B), and progression-free

survival by IPI (C).
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groups (Table 7). In total, 85 patients in the R-CHOP-14
group died: 77 due to disease progression; four due to infec-
tion; 1 due to infectious shock induced by grade 4 neutrope-
nia; one due to intracranial hemorrhage induced by grade 4
thrombocytopenia; one due to a second malignancy; and one
due to unknown cause. In total, 87 patients in the R-CHOP-
21 group died: 74 due to disease progression; four due to 
infection; three due to coexistent diseases; one due to a sec-
ond malignancy; and five due to unknown causes. 

Discussion

To our knowledge, this is the first prospective phase 3
study concerning the outcome of the R-CHOP regimen for
the treatment of adult patients with newly diagnosed DLBCL
in Asian areas. Asian populations presented similar response
rates and survival to R-CHOP chemotherapy compared with
the results previously reported in developed countries [9]. In
spite of prophylactic recombinant human granulocyte
colony-stimulating factor, patients in the R-CHOP-14 group
developed more grade 3 to 4 neutropenia than reported pre-
viously [9]. With the exception of fewer cardiac and neuro-
logical toxicities, other hematologic and non-hematologic
adverse events were similar to those in developed countries
[5,9,13,14].

Patients in both the R-CHOP-14 and R-CHOP-21 groups
exhibited good compliance. Our study demonstrated no ben-
efit of the R-CHOP-14 regimen in all efficacy end points, 
including response rates, DFS, OS, or PFS, compared with
the R-CHOP-21 regimen. With prophylactic recombinant
human G-CSF, patients treated with R-CHOP-14 exhibited
similar and manageable hematologic and non-hematologic
toxicities compared with those treated with R-CHOP-21. Our
results suggested that both regimens are suitable for Asian
patients with DLBCL. Similar findings have been reported

in two previous phase 3 clinical trials conducted in Euro-
pean-based Caucasian populations, both of which demon-
strated that R-CHOP-14 was not superior to R-CHOP-21 in
terms of response rate or survival [8,9].

In the pre-rituximab era, several randomized studies have
demonstrated the benefit of dose-intensified chemotherapy
compared with conventional chemotherapy. The intensified
regimen of doxorubicin, cyclophosphamide, vindesine, bleo-
mycin, and prednisone treatment (ACVBP) with sequential
consolidation significantly improved event-free survival and
OS in both young low-risk patients and elderly high-risk 
patients with aggressive lymphoma despite its relatively fre-
quent toxicities compared with the standard CHOP regimen
[15,16]. Similarly, the NHL-B1 and NHL-B2 trial demon-
strated the survival benefit of CHOP-14 compared with
CHOP-21 in young and elderly patients with aggressive lym-
phoma, respectively [2,3]. However, this benefit appears to
be offset by the introduction of rituximab. Although intensi-
fied immunochemotherapy with R-ACVBP followed by sub-
sequent consolidation substantially improved the survival of
young low-intermediate risk DLBCL patients in contrast to
standard R-CHOP in the LNH03-2B study, the significantly
increased hematological toxic effects and serious adverse
events limited its extensive use in the clinic [17]. Several stud-
ies revealed favourable survival of dose-intensive rituximab-
containing treatment followed by autologous hematopoietic
stem cell transplantation in young high-risk patients [18-20].
However, prospective randomized studies are needed to
compare the efficacy of the regimen with conventional 
immunochemotherapy. A limitation of this study is that
treatment response was evaluated according to CT scanning
results using the 1,999 criteria for non-Hodgkin's lymphomas
without PET evaluation due to lack of conditions for high-
quality PET-CT in some centers at the start of the study.

In this study, high-risk patients with IPI ! 2 exhibited a
poorer prognosis compared to those with IPI 0-1. How to 
improve the outcome on the basis of R-CHOP for these pati-
ents deserves further investigation. New targeted agents,
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Table 7. Comparison of grade 3/4 adverse events between the two groups

Values are presented as number (%).

Adverse event R-CHOP-14 (n=349) R-CHOP-21 (n=353) p-value
Leukopenia 202 (57.9) 229 (64.9) 0.057
Neutropenia 213 (61.0) 233 (66.0) 0.171
Anemia 23 (6.6) 36 (10.2) 0.085
Thrombocytopenia 14 (4.0) 13 (3.7) 0.821
Infection 60 (17.2) 54 (15.3) 0.496
Nausea 2 (0.6) 3 (0.8) 1.000
Vomit 7 (2.0) 10 (2.8) 0.476
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such as lenalidomide or ibrutinib, in combination with 
immunochemotherapy have achieved encouraging efficacy
in newly diagnosed non-GCB subtype DLBCL, which should
be investigated in the first-line treatment for high-risk pati-
ents [21,22].    

This study demonstrated that the dose-intensive R-CHOP-
14 regimen was not superior to R-CHOP-21 in Asian DLBCL
patients. The incidences of hematologic and non-hematologic
toxicities between two regimens were similar. Both treat-
ments are suitable for Asian DLBLC patients. For high-risk
patients with IPI ! 2, new combination regimens based on 
R-CHOP deserve further investigation to improve the out-
come.  
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Purpose
Considering the health impact of obesity and cancer, it is important to estimate the burden
of cancer attributable to high body mass index (BMI). Therefore, the present study attempts
to measure the health burden of cancer attributable to excess BMI, according to cancer
sites.    

Materials and Methods
The present study used nationwide medical check-up sample cohort data (2002-2015).
The study subjects were 496,390 individuals (268,944 men and 227,446 women). We
first calculated hazard ratio (HR) in order to evaluate the effect of excess BMI on cancer 
incidence and mortality. Then, the adjusted HR values and the prevalence of excess BMI
were used to calculate the population attributable risk. This study also used the Global Bur-
den of Disease method, to examine the health burden of obesity-related cancers attributable
to obesity. 

Results
The highest disability-adjusted life year (DALY) values attributable to overweight and obesity
in men were shown in liver cancer, colorectal cancer, and gallbladder cancer. Among
women, colorectal, ovarian, and breast (postmenopausal) cancers had the highest DALYs
values attributable to overweight and obesity. Approximately 8.0% and 12.5% of cancer
health burden (as measured by DALY values) among obesity-related cancers in men and
women, respectively, can be prevented.

Conclusion
Obesity has added to the health burden of cancer. By measuring the proportion of cancer
burden attributable to excess BMI, the current findings provide support for the importance
of properly allocating healthcare resources and for developing cancer prevention strategies
to reduce the future burden of cancer. 

Key words
Neoplasms, Obesity, Body mass index, Health burden, 
Disability-adjusted life years 
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Introduction

Cancer a major cause of mortality and morbidity world-

wide and is expected to increase sharply with global aging

and increasing cancer incidence [1]. Cancer is still the pri-

mary cause of death since 1983, with about one million can-

cer patients and with about 220,000 new cancer cases and

74,000 cancer deaths annually [2,3]. Furthermore, according

to the International Agency for Research on Cancer’s GLO-

BOCAN report, Korea’s 5-year cancer prevalence rate (1,523

per 100,000) is more than twice the international prevalence

rate (625 per 100,000) [4]. Population aging, progress of treat-

ment, and cancer screening programs are increasing both the

incidence and the survival rate of cancer [5].  

When targeting a particular population, the burden of dis-

ease can be measured as the difference between an ideal

health level and the actual health level. The health burden of
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disease can be measured by several indicators, including
mortality, incidence, prevalence, health-adjusted life expec-
tancy (HALE), disability-adjusted life years (DALYs), qual-
ity-adjusted life years (QALYs), and Healthy Life years
(HeaLYs) [6]. Mortality, incidence, and prevalence are the
most basic indices, but these indicators do not include infor-
mation about quality of life. These traditional indicators of
disease burden do not reflect improvements in health condi-
tions since the illness. Another way to measure the burden
of disease is to measure the burden of disease with a health
index that takes into account quality of life (QOL), which is
measured as an indicator of disease status and death com-
bined. The World Health Organization (WHO) and the Glo-
bal Burden of Disease (GBD) Study Group developed the
DALYs indicator in order to reflect both time of disability
and time lost due to premature death [7]. The reason for 
estimating the burden of disease using various methods is
that the measurement of the burden of disease helps to 
improve health care decision-making by improving the allo-
cation of healthcare resources and the assessment of the 
effects of health-related interventions.

The WHO has defined obesity as a disease and has pre-
dicted that it will become a health problem as important as
smoking in the 21st century, with a 2014 survey showing that
the worldwide obesity prevalence in 2014 had doubled com-
pared to in 1980 [8]. The prevalence of obesity in Korea has
increased from 26.2% of men and 25.1% of women in 1998 to
34.7% of men and 27.3% of women in 2005, and 35%-39% of
men and 23%-28% of women have been maintained until 
recently.

There have been many studies on obesity and cancer in
Korea [9-11]. Most studies have estimated the burden of can-
cer using cancer incidence or mortality, which do not reflect
patients’ QOL [12-14]. On the other hand, we used DALYs
to evaluate the health burden of cancer which reflects pati-
ents’ QOL. DALYs evaluate health differences that combine
life lost due to disability and premature death. Comprehen-
sive information using DALY can help to quantify the bur-
den of obesity-related cancer and allocate health care resour-
ces. In addition, most studies that have estimated the relative
risk of cancer given the presence of obesity have not reflected
other confounding variables [14,15]. Furthermore, studies
about obesity and cancer risk have not reflected recent
changes in the prevalence of obesity and the increasing epi-
demiological changes in cancer risk. The most recent repre-
sentative large cohort study in Korea, the postmenopausal
Korean women study and the Korean Cancer Prevention
Study, were followed up to 2003 and 2006, respectively. Since
then, there has been no representative cohort study of obesity
and cancer burden in recent years [16-18]. Therefore, the
present study aims to examine the health burden of obesity-
related cancers attributable excess body mass index (BMI) by

using nationwide cohort sample data using the GBD method.
Considering the health impact of obesity and cancer, it is 
important to measure the burden of cancer, taking into 
account recent epidemiological changes.

Materials and Methods

1. Study population and design

This study used medical check-up nationwide sample 
cohort data from National Health Insurance Service (NHIS)
claims in 2002 and 2015. The medical check-up cohort data
included demographic, socioeconomic, and mortality-related
information as well as information about medical utilization,
hospital characteristics, and health check-ups. The data 
included approximately 10% of all participants who received
a general health check-up as of 2002-2003, aged 40-79 in 2002,
a total of 514,866 Koreans (279,125 men and 235,741 women).
This study used 514,866 populations who received a general
health check-up in 2002-2003, aged 40-79. Of these, the par-
ticipants who were diagnosed with cancer (n=17,335) or died
(n=686) during 2002-2003 were excluded. In addition, we 
excluded participants whose BMI data at baseline were miss-
ing (n=455). Ultimately, the study population comprised
496,390 individuals (268,944 men and 227,446 women). 

2. Variables

To analyze the health burden of cancer attributable to over-
weight or obesity, we examined DALYs of obesity-related
cancers attributable to excess BMI as outcome variables
(Table 1). The DALY measure includes both the years of life
lost (YLL) to premature death and years lived with disability
(YLD). To quantify the burden of cancer patients, the WHO
and the GBD developed DALY. It measures the difference
between current health and ideal status as an index of years
of healthy life lost. Disability weights, discounting, and age-
weighting of DALYs were used in this study.

The development of cancer was defined according to the
first cancer admission event using the 10th version of the 
International Classification of Disease codes in admission
records, and cancer mortality was defined as death by cancer
using cause of death information in Statistics Korea, after 
excluding cancer cases and deaths during first 2 years. In 
addition, obesity-related cancer types were identified by the
International Agency for Research on Cancer (IARC), the
World Cancer Research Fund (WCRF), and the American 
Institute for Cancer Research (AICR) [19-21]. There is suffi-
cient evidence that overweight or obesity increases the risk

934 CANCER  RESEARCH  AND  TREATMENT



of esophageal, colorectal, pancreatic, post-menopausal brea-
st, endometrial, kidney, and liver cancers. On the other hand,
cancer sites with limited evidence for a link to obesity include
gallbladder, ovarian, and advanced prostate cancers (S1 Table).

The primary interesting variable is BMI. The most fre-
quently used measure of underweight, overweight, and
obese is BMI. It was calculated as height and weight obtained
from medical check-up (weight [kg]/height [m2]) and cate-
gorized as underweight (BMI < 18.5 kg/m2), normal (18.5-
22.9 kg/m2), overweight (23-24.9 kg/m2), obese (25-29.9 kg/
m2), and severely obese (! 30 kg/m2). Cancer risk factors 
including BMI used were not updated from baseline medical
check-up in this analysis. 

Other independent variables are demographic and socioe-
conomic variables (sex, age, income level), health check-up
variables (smoking status, drinking, physical activity, family
history of cancer, total cholesterol), and medical utilization
variables (Charlson comorbidity index [CCI], regular use of
aspirin). Smoking status was classified as never smoker, for-
mer smoker, and current smoker. Alcohol consumption was
categorized as non-drinker (no alcohol consumption), mod-
erate drinker (up to 14 drinks for men and up to 7 drinks for
women per week), or heavy drinker (15 drinks or more for
men and 8 drinks or more for women per week). Physical 
activity was categorized as never, less than 3 days per week,
3 to less than 5 days per week, or more than 5 days per week.
CCI score is helpful to predict 1-year mortality. The comor-
bid condition is assigned to 1, 2, 3, or 6 depending on comor-
bidity’s severity. Several studies have shown that the use of
aspirin is associated with reduced risk of overall cancer

[22,23]. The U.S. Preventive Services Task Force recommen-
ded the use of aspirin for primary prevention of colorectal
cancer [24]. Regular use of aspirin was defined as aspirin use
at least 2 times per week. Family history of cancer was asked
with biennial questionnaire. Only gynecological cancer was
adjusted for oral contraceptive (OC) and hormone replace-
ment therapy (HRT) use. In case of OC and HRT, because the
risk of cancer decreases rapidly after cessation of use, we
used OC and HRT of one year prior to the onset of cancer
[25].

3. Statistical analysis

Chi-square and t test were performed to assess the differ-
ences in characteristics according to cancer incidence and
mortality. To calculate the population attributable risk (PAR),
the basic formula is the following Levin’s formula:

, where RRi is the relative risk and is pi prevalence of risk fac-
tor. 

On the other hand, as BMI category is divided into five cat-
egories, more sophisticated method is regarded to calculate
PAR of excess BMI as follows:

, where RRow, RRo, and RRso are the adjusted-relative risk of
cancer for overweight, obesity, and severe obesity respec-
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Table 1. Data sources and formulas for DALYs

YLL, years of life lost; YLD, years lived with disability; DALY, disability-adjusted life year. 

DALYs Data source
YLL

YLL=M!{[KCera/(r+!)2][e–(r+!)(L+a)[–(r+!)(L+a)–1]–e–(r+!)a[–(r+!)a–1]]+[(1–K)/r](1–e–rL)} [26]
Average age at onset for each age cohort (a) Average age
Discount rate (r=0.03) [26]
Age-weighting constants (!=0.04, K=1.00, C=0.1658) [26]
Mortalities (M)
Standard life expectancy at the age of death (L) [27]

YLD
YLD=I!DW!{[KCera/(r+!)2][e–(r+!)(L+a)[–(r+!)(L+a)–1]–e–(r+!)a[–(r+!)a–1]]+[(1–K)/r](1–e–rL)} [26]
Incidences (I)
Disability weights (DW) [28]
Average age at onset for each age cohort (a)
Discount rate (r=0.03) [26]
Age-weighting constants (!=0.04, K=1.00, C=0.1658) [26]
Expected duration of disability (L)

!pi (RRi–1)PAR=
!pi (RRi–1)+1

!pow (RRow–1)+!po (RRo–1)+!pso (RRso–1)PAR=
!pow (RRow–1)+!po (RRo–1)+!pso (RRso–1)+1
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tively, and pow, po, and pso are prevalence of overweight, obe-
sity, and severe obesity respectively. To estimate the adjusted-
relative risk, we first performed Cox proportional hazard
model to evaluate the effect of excess BMI on cancer inci-
dence and mortality, adjusting confounding variables and
stratifying sex and cancer type.

To evaluate the health burden of cancer patients attributa-
ble to obesity in Korea, we estimated DALYs as the sum of
the YLL and YLD. To estimate YLL, the cancer mortality and
standard life expectancy were used. To estimate YLD, cancer
incidence, average duration of cancer, and disability weight
were used (Table 1).

4. Ethical statement

This study was approved by the Institutional Review
Board of Yonsei University Severance Hospital (Y-2017-
0032). The informed consent was waived.

Results

The study population characteristics at baseline (2002-
2003) are shown in S2 Table. Table 2 shows hazard ratio [HR]
for BMI category and obesity related-cancer sites which is
confirmed by IARC, WCRF and AICR. Among cancer types
examined in this study, colorectal and kidney cancers had
significantly high HR estimates for cancer incidence in men
(colorectal, BMI 25.0-29.9 kg/m2: HR, 1.02; 95% confidence
interval [CI], 0.94 to 1.10; BMI ! 30.0 kg/m2: HR, 1.28; 95%
CI, 1.04 to 1.56; kidney, BMI 23.0-24.9 kg/m2: HR, 1.25; 95%
CI, 1.00 to 1.56; BMI 25.0-29.9 kg/m2: HR, 1.36; 95% CI, 1.10

to 1.68). Obesity was significantly associated with risk for
mortality from kidney, prostate, colorectal, liver, and gall-
bladder cancers (kidney, BMI ! 30.0 kg/m2: HR, 3.85; 95%
CI, 1.34 to 11.03; prostate, BMI 25.0-29.9 kg/m2: HR, 1.50; 95%
CI, 1.07 to 2.09; BMI ! 30.0 kg/m2: HR, 2.87; 95% CI, 1.15 to
7.14; colorectal, BMI 25.0-29.9 kg/m2: HR, 1.38; 95% CI, 1.14
to 1.68; BMI ! 30.0 kg/m2: HR, 2.28; 95% CI, 1.37 to 3.81; liver,
BMI 25.0-29.9 kg/m2: HR, 1.25; 95% CI, 1.09 to 1.44; BMI 
! 30.0 kg/m2: HR, 2.03; 95% CI, 1.43 to 2.89; gallbladder, BMI
25.0-29.9 kg/m2: HR, 1.32; 95% CI, 1.00 to 1.74; BMI ! 30.0
kg/m2: HR, 2.00; 95% CI, 1.02 to 3.93).

HR for BMI category and cancer in women is shown in
Table 3. Endometrial cancer had the highest HR estimate for
cancer incidence in women (BMI 25.0-29.9 kg/m2: HR, 1.77;
95% CI, 1.28 to 2.45; BMI ! 30.0 kg/m2: HR, 3.81; 95% CI, 2.32
to 6.23). Other cancer sites with significant HR estimates for
cancer incidence were breast (postmenopausal), liver, gall-
bladder, colorectal, ovary, kidney, pancreas in women (breast,
BMI ! 30.0 kg/m2: HR, 1.85; 95% CI, 1.48 to 2.29; liver, BMI
25.0-29.9 kg/m2: HR, 1.44; 95% CI, 1.26 to 1.64; BMI ! 30.0
kg/m2: HR, 1.55; 95% CI, 1.18 to 2.03; gallbladder, BMI 25.0-
29.9 kg/m2: HR, 1.26; 95% CI, 1.03 to 1.54; BMI ! 30.0 kg/m2:
HR, 1.50; 95% CI, 1.02 to 2.19; colorectal, BMI 25.0-29.9
kg/m2: HR, 1.24; 95% CI, 1.12 to 1.36; BMI ! 30.0 kg/m2: HR,
1.24; 95% CI, 1.02 to 1.52; ovary, BMI 25.0-29.9 kg/m2: HR,
1.39; 95% CI, 1.14 to 1.70; kidney, BMI 25.0-29.9 kg/m2: HR,
1.37; 95% CI, 1.11 to 1.69; pancreas, BMI 25.0-29.9 kg/m2: HR,
1.31; 95% CI, 1.09 to 1.57). Liver cancer had a significant HR
estimate for cancer mortality in women (BMI 25.0-29.9 kg/
m2: HR, 1.46; 95% CI, 1.13 to 1.89; BMI ! 30.0 kg/m2: HR, 2.01;
95% CI, 1.25 to 3.23).

The prevalence of BMI category according to sex and age
group is shown in S3 Table. Table 4 shows the population 
attributable fraction (PAF) of obesity by cancer types. Over-

Joo Eun Lee, The Health Burden of Cancer due to Obesity

Men Women
PAF (%) Cases PAF (%) Deaths PAF (%) Cases PAF (%) Deaths

Colorectal 1.4 78 13.7 123 11.5 364 11.0 48
Liver 4.5 201 11.9 204 19.5 332 22.2 100
Gallbladder 3.0 27 17.1 77 10.3 71 10.1 33
Pancreas 1.0 11 7.0 46 11.0 91 5.9 23
Breast: postmenopausal 18.6 554 5.1 9
Endometrial 34.0 101 - -
Ovary 17.0 132 - -
Prostate 1.2 78 18.7 54
Kidney 16.4 133 15.8 21 15.5 59 18.7 8
% of all cancers 1.4 5.5 7.1 6.3

Table 4. Estimated number of cancer cases and deaths attributable to overweight and obesity

PAF, population attributable fraction. 
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weight and obesity were responsible for 528 cancer inci-
dences (1.4%) and 525 cancer deaths (5.5%) in men. Among
women, 1,704 cancer incidences (7.1%) and 222 cancer deaths
(6.3%) were attributable to overweight and obesity.

Table 5 shows YLL, YLD, and DALY attributable to over-
weight and obesity by cancer site, during the follow-up 
period. DALYs of cancer attributable to overweight and obe-
sity were 1,740 person-years per 100,000 (8.0%) in men and
2,373 person-years per 100,000 (12.5%) in women. The cancer
sites with the highest DALY values among men were liver,
colorectal, and prostate cancers (liver, 6,989.3 person-years
per 100,000; colorectal, 6,494.2 person-years per 100,000;
prostate, 3,764.5 person-years per 100,000). Among women,
colorectal, ovarian, and breast (postmenopausal) cancers had
the highest DALY values (colorectal, 4,440.6 person-years per
100,000; ovary, 3,345.3 person-years per 100,000; breast,
3,240.2 person-years per 100,000).

Discussion

To evaluate the burden of cancer attributable to excess BMI
in Korea, we estimated the DALYs by obesity-related cancer
types identified by IARC, WCRF, and AICR. According to
the results of the study, colorectal and kidney cancers had
the highest HR estimates for cancer incidence in men. 
Endometrial, post-menopausal breast, liver, gallbladder, col-
orectal, ovarian, kidney, and pancreas cancers had significant
HR estimates for cancer incidence in women. Similar to the
cancer statistics from the Korea Central Cancer Registry
(KCCR) in 2014, in this study the age-standardized cancer 
incidence rate among the obesity-related cancer types was
highest in colorectal and liver cancers among men and in
breast and colorectal cancers among women [29]. With 
regard to the age-standardized cancer mortality rate, accord-
ing to KCCR liver and colorectal cancers among men and col-
orectal, liver, and breast cancers among women were high-
est. Although the absolute values were different because of
different subjects and units, the results were similar when
comparing this study’s ranks for cancer types with those of
KCCR.

The findings of this study were similar to those of previous
studies concerning obesity and cancer risk. Reeves et al.
(2007) [30] was conducted on British women recruited into
the Million Women Study, aged 50-64 in 1996-2001, and they
were followed until 2004. Endometrial cancer, adenocarci-
noma of the esophagus, and kidney, pancreatic, ovarian,
breast, and colorectal cancers had significant HR estimates
for cancer incidence in postmenopausal women. The results
of the current study and those of the Million Women Study

Cancer Res Treat. 2019;51(3):933-940
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showed similar trends, except that HR values of pancreas

and kidney cancer were different because the number of 

severely obese people was small in this study. Jee et al. (2008)

[17] analyzed the HR of BMI and cancer in Korean men and

women, aged 30-95, who participated in National Health 

Insurance Corporation (NHIC) health examinations in 1992-

1995, following the study population until 2006. High BMI

was significantly associated with risk for colon, liver, and

gallbladder cancers in men and for liver, gallbladder, pan-

creatic, and postmenopausal breast cancers in women. Song

et al. (2008) [16] examined BMI and cancer using a cohort of

postmenopausal Korean women who participated in NHIC

medical evaluations from 1993 to 1994; they were followed

up until 2003. Colorectal, gallbladder, breast, corpus uteri,

and kidney cancers had significant HR estimates for cancer

incidence in postmenopausal women. 

The results of this study show the health burden of obe-

sity-related cancer attributable to obesity. Compared with

previous studies about obesity-related cancer health burden,

the PAF values of this study are lower than in other studies.

But careful interpretation of direct comparison with other 

research results is required, because there are differences 

between the studies of obesity-related cancer types included

in the analysis. An extensive study in Europe showed that

the overall proportions of cancer attributable to excess BMI

in European were 3% in men and 6% in women, while those

of the current study were 1.4% and 7.1%, respectively [31].

The attributable proportions by countries were 2.1% for

Greece men, 4.9% for Germany men, 3.9% for Denmark

women, and 8.8% for Spain women. The attributable propor-

tions by cancer type in men and women were 4.4% for

prostate, 8.5% for breast, 39.2% for endometrium, 25.5% and

24.5% for kidney, and gallbladder 24.8% and 23.7%, respec-

tively. Compared to the European, proportions attributable

to excess BMI were lower for prostate, endometrium, kidney,

and gallbladder (prostate, 1.2%; endometrium, 34.0%; kid-

ney, 16.4% in men, 15.5% in women; gallbladder, 3.0% in

men, 10.3% in women) and higher for breast (18.6%) in the

current study. WCRF reported that the PAF of high BMI in

cancer incidence in 2012 were 20.8% for North America,

17.2% for Western Europe, and 6.0% for East Asia among

men; however, in the results of the current study the figure

was 1.4% for Korean men [32]. With regard to women, the

figures were 14.2% for North America, 14.5% for Western 

Europe, and 8.3% for East Asia, respectively; on the other

hand, in the results of the current study the figure for Korean

women was 7.1%. Because the age ranges of subjects were

different, the estimates might be different when comparing

the attributable burden by cancer types as found in this study

with the results of other studies. In addition, the differences

of the current study results which were greater from Western

countries than from Asian countries might be expected, as

the risks of several obesity related-cancers are different by

ethnic groups and obesity prevalence in Asian populations

is lower than that in Western populations [13,32].

The present study has several limitations. First, the HR val-

ues may be uncertain because the HR values were analyzed

for 10% of the participants who received a health checkup in

the specified year, not the HR values for the whole popula-

tion. However, this study used large scale and representative

cohort data with confounding variables such as income level,

smoking status, alcohol drinking, physical activity, family

history of cancer, total cholesterol, comorbidity, and regular

use of aspirin. Adjusting these confounders could reduce the

uncertainty of the relative risk value. Second, this study used

BMI determined during the baseline health check-up and did

not update the BMI. It is known that it takes about 10-20

years between exposure and cancer development. However,

since this cohort data contains 14-year follow-up data, BMI

changes after baseline were not available. Nevertheless, BMI

was calculated by height and weight measured in health

screenings, not by self-reported height and weight. Third, as

the data did not contain information about cancer stages, this

study could not consider cancer severity, which affects dis-

ability and medical expenses. Sixth, the study also lacks data

about postmenopausal status. Nevertheless, since the asso-

ciation between obesity and breast cancer varies according

to menopausal status, women over 55 years of age were con-

sidered postmenopausal women for the purposes of this

study. The median age of menopause in Korean women is

50, and 95% are menopausal before the age of 55 [33].

This study found that the DALYs of cancer due to obesity

were 2,373.2 person-years per 100,000 in men and 1,740.2 per-

son-years per 100,000 in women, accounting for 8.0% and

12.5%, respectively, of the health burden of obesity-related

cancers. Considering that obesity increases the burden of

cancer and the prevalence of obesity is increasing, further 

efforts are needed to reduce obesity rates. These updated 

results about the health impact of obesity on cancer provide

useful data to help determine how best to allocate healthcare

resources and how best to develop cancer prevention strate-

gies to reduce the burden of cancer.
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Clinical and Genetic Characteristics of BRCA1/2 Mutation in Korean
Ovarian Cancer Patients: A Multicenter Study and Literature Review

Original Article

Purpose

We investigated the clinical relevance and spectrum of BRCA1/2 mutations in Korean ovar-

ian cancer (KoOC) patients.  

Materials and Methods

Two hundred seventy-nine KoOC patients were enrolled from three university hospitals 

between 2012 and 2017. Their peripheral blood samples were obtained for BRCA1/2
mutation analysis by direct sequencing. Clinicopathological characteristics were retrospec-

tively reviewed, and spectrum analyses of BRCA1/2 mutation were assessed by systematic

literature review.

Results

Frequency of BRCA1/2 mutations was 16.5% in KoOC patients. BRCA1/2 mutations were

significantly associated with family history of breast/ovarian cancer (p < 0.001), serous his-

tology (p=0.044), and advanced International Federation of Gynecology and Obstetrics

(FIGO) stage (III/IV, p=0.018) but not with early age-of-onset (age < 50, p=0.729). Literature

review of BRCA1/2 mutations in KoOC patients found 111 (55 distinct) mutations with high

proportion of Korean-specific mutations (24/55, 43.6%). Comparing the spectrum of

BRCA1/2 mutation between KoOC and Korean breast cancer (KoBC) patients, the ratio of

BRCA1-to-BRCA2 mutations was different, with BRCA1 (78.4%) being predominant in KoOC

and BRCA2 in KoBC (59.2%). The most common mutation also differed between the two

(c.3627insA of BRCA1 in KoOC and c.7480C>T of BRCA2 in KoBC).       

Conclusion

The clinical relevance of BRCA1/2 mutations in KoOC patients was confirmed but that of

early age-of-onset was not. Possible inconsistency in the ratio of BRCA1-to-BRCA2 mutations

and the most common mutation between KoOC and KoBC may probably suggest presence

of mutation sequence-associated penetrance tendency in hereditary Korean breast and

ovarian cancer. These data may provide insights for optimal genetic counseling and pro-

phylactic treatment for at-risk relatives of KoOC patients.
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Introduction

Epithelial ovarian cancer (EOC) is the leading cause of can-
cer-related deaths in women worldwide and remains the
most lethal gynecological cancer [1]. Although the incidence
of EOC has traditionally been lower in Korea than in western
countries, including the United States and United Kingdom,
it has steadily increased over the last few decades because of
lifestyle and environmental changes [2]. In 1999, the age-
standardized rates for annual EOC incidence and mortality
in Korea were 5.0 and 1.7 per 100,000 women-years, respec-
tively, which significantly increased to 6.4 and 2.3 per 100,000
women-years, respectively, by 2014 (both, p < 0.05) [3]. Such
increases represent a significant challenge to overcome, and
methods for controlling the increasing rates of this cancer are
urgently needed.

Defects in BRCA1/2 tumor suppressor genes are the most
frequently identified genetic changes associated with ovarian
cancer. A BRCA1/2 germline mutation is associated with
poor prognostic factors, including early-onset cancer, serous
histology, and advanced cancer stages [4]. However, in recent
years, accumulating evidence has shown that BRCA1/2
mutations are associated with improved survival and impro-
ved response to not only platinum-based chemotherapy [5,6]
but also targeted therapy using poly(ADP-ribose) poly-
merase inhibitors [7,8].

Although there have been several reports of BRCA1/2
mutation analyses in ovarian and breast cancer cases from
Asian populations, there is relatively limited data for the 
Korean ovarian cancer (KoOC) population. Until now, there
have been four independent studies on BRCA1/2 mutations
in KoOC patients; however, all of these were relatively small-
scale, single-center studies with marked inter-study hetero-
geneity among their results [9-11]. Furthermore, there has
been no spectrum study of BRCA1/2 mutations in KoOC 
patients, such as nation-wide the Korean Hereditary Breast
Cancer (KOHBRA) study [12,13]; KOHBRA study included
a total of 2,953 breast cancer patients with high risk of hered-
itary breast and ovarian cancer (HBOC) enrolled from 36 
institutions between 2007 and 2013, covering approximately
2.9% of the total Korean breast cancer (KoBC) patients during
the study period. Thus, we performed comprehensive analy-
ses to estimate the prevalence, clinicopathological signifi-
cance, spectrum, and penetrance of BRCA1/2 mutations in a
large cohort of KoOC patients.

Materials and Methods

1. Patients

A total of 279 EOC patients unselected for family history
(FH) were enrolled between May 2012 and December 2017
from three investigational sites in Korea: the Pusan National
University Hospital, Inje University Paik Hospital, and Kosin
University Gospel Hospital (PIKO). Genetic testing of BRCA1/2
genes in all three investigational hospitals was carried out by
the Green Cross Company (Yongin, Korea) during the study
period. The inclusion criteria for enrollment were primary
EOC patients who had undergone staging surgery and had
pathologically confirmed with EOC. Clinical and pathologi-
cal data were collected for all patients: age at diagnosis, EOC
grade, lymph node (LN) metastasis, FIGO stage (Interna-
tional Federation of Gynecology and Obstetrics, 2013), and
personal history and FH of cancer. Patients with FH were 
defined as those with primary breast cancer or with first- or
second-degree relatives with breast or ovarian cancer. FH of
other cancer include all type of hematologic and non-hema-
tologic malignancies. 

2. Direct sequencing 

Genomic DNA was obtained from peripheral blood leuko-
cytes and was extracted using the Promega DNA purification
kit (catalog No. LA1620, Madison, WI) according to the man-
ufacturer’s instructions. All exon and intron boundaries of
BRCA1/2 were analyzed for mutations using a combination
of denaturing high-performance liquid chromatography
(WAVE DNA Fragment Analysis System, Transgenomic Inc.,
San Jose, CA) and bi-directional sequencing with a Big Dye
Terminator V3.1 Cycle Sequencing Kit (Life Technologies,
Carlsbad, CA) and ABI 3500xl (Life Technologies).

3. Statistical analyses

The Human Genome Variation Society nomenclature sys-
tem (http://www.hgvs.org/mutnomen) was used for descri-
bing sequence variations, and the Breast Cancer Information
Core (BIC) database (http://research.nhgri.nih.gov/projects
/bic/Member/index.shtml) was used for evaluating results.
Relationships among categorical variables were evaluated
using t or chi-square tests. For all analyses, a p-value < 0.05
was considered statistically significant. Analyses were per-
formed using SPSS ver. 20.0 (IBM Corp., Armonk, NY).
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Fig. 1.  Prevalence of BRCA1/2 mutations in unselected 279 Korean ovarian cancer patients. The overall prevalence (A) and
prevalence according to family history of breast/ovarian cancer (FHBOC) (B).
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Table 1.  Association of BRCA1/2mutation status with clinicopathological characteristics in Korean ovarian cancer patients

Characteristic Total BRCA1/2 BRCA1/2 p-valuea)
mutation– mutation+

Total 279 (100) 233 (83.5) 46 (16.5)
Age (yr) 54.15±10.7 54.2±10.9 53.7±9.6 0.765
Age, early-onset (age < 50)

< 50 93 (33.3) 71 (30.5) 18 (39.1) 0.223
! 50 186 (66.7) 162 (69.5) 28 (60.9)

FHBOCb)

No 219 (78.5) 194 (83.3) 25 (54.3) < 0.001
Yes 60 (21.5) 39 (16.7) 21 (45.7)

FH of other cancers
No 218 (78.1) 190 (81.5) 28 (60.9) < 0.001
Yes 61 (21.9) 43 (18.5) 18 (39.1)

Tumor histology
Serous 202 (72.4) 160 (68.7) 42 (91.3) 0.002
Non-serous 77 (27.6) 73 (31.3) 4 (8.7)

FIGO stage
I/II 96 (34.4) 90 (38.6) 6 (13.0) 0.007
III/IV 183 (65.6) 143 (61.4) 40 (87.0)

LN metastasis
No 190 (68.1) 166 (71.2) 24 (51.2) 0.011
Yes 89 (31.9) 67 (28.8) 22 (48.8)

Values are presented as number (%) or mean±standard deviation. FHBOC, family history of breast/ovarian cancer; FH, fam-
ily history; FIGO, International Federation of Gynecology and Obstetrics; LN, lymph node. a)Continuous variables were 
analyzed using the Student’s t test; categorical variables were analyzed using the chi-square test, b)Patients with primary
breast cancer or first- or second-degree relatives with breast or ovarian cancer.
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4. Ethical statement

This study was approved by the institutional review
boards of the abovementioned three institutions. Informed
consent was obtained from all participants, and peripheral
blood samples were collected from each subject.

Results

1. Prevalence of BRCA1/2 mutations

In our direct sequencing analysis of BRCA1/2 genes in the
279 unselected EOC patients, pathogenic BRCA1 and BRCA2
mutations were observed in 35 (12.6%) and 11 (3.9%) cases,
respectively. The overall prevalence of BRCA1/2 mutations
in KoOC patients was 16.5% (Fig. 1A). Among the 279 EOC
patients, 60 patients (21.5%) had FH of breast or ovarian can-
cer and 219 (78.5%) did not. The prevalence of BRCA1/2
mutations was higher in the former (21 of 60, 35.0%) than in
the latter (27 of 219, 12.3%) (Fig. 1B). In specific subgroups
according to tumor histology (serous vs. non-serous) and
FIGO stage (I/II vs. III/IV), the prevalence of BRCA1/2
mutations was 11.9 % in patients with early stage (I/II) and
serous histology, 23.1% in patients with advanced stage
(III/IV) and serous histology, 0% in patients with early stage
(I/II) and non-serous histology and 16.7% in patients with
advanced stage (III/IV) and non-serous histology (S1 Fig.).

2. Clinical characteristics of BRCA1/2 mutations

Relationships between clinicopathological characteristics
and BRCA1/2mutations are listed in Table 1. The mean ages
at the time of onset for patients with and without BRCA1/2

mutations were 53.7±9.6 years and 54.2±10.9 years, respec-
tively, with no significant difference between them (p=0.765).
In addition, we found no significant difference in the propor-
tion of patients with early age-of-onset (< 50 years) of ovarian
cancers between BRCA1/2mutation carriers and non-carriers
(39.1% vs. 30.5%, p=0.223). Patients with BRCA1/2mutations
exhibited significantly higher rates of FH of breast or ovarian
cancer (45.7%) and other cancers (39.1%) compared with
those without BRCA1/2mutations (16.7% for FH of breast or
ovarian cancer; 18.5% for FH of other cancers; both, p < 0.001).
The occurrence of serous histology was significantly higher
in patients with BRCA1/2 mutations (91.3%) than in those
without BRCA1/2 mutations (68.7%, p=0.002). Four patients
with BRCA1/2 mutations (8.7%) were identified as having
non-serous histology in this study, with three cases of clear
cell-type histology with BRCA1 mutations and one case of
endometrioid-type histology with a BRCA2mutation (S2 Table).
In addition, patients with BRCA1/2 mutations were more
likely to be at an advanced FIGO stage of III/IV (87.0%) and
exhibit LN metastasis (48.8%) than those without BRCA1/2
mutations (61.4%, p=0.007 for advanced FIGO stage of III/
IV; 28.8%, p=0.011 for LN metastasis) (Table 1). However,
multivariate analysis using logistic regression identified FH
of breast/ovarian cancer (p < 0.001), serous histology (p=0.044),
and advanced FIGO stage (III/IV, p=0.018) as the only fac-
tors showing independent correlation with BRCA1/2 muta-
tions (p < 0.05) (Table 2). 

3. Spectrum of BRCA1/2mutations

All 46 pathogenic BRCA1/2 mutations detected in this
study are listed and summarized in S2 Table. Thirty-two dis-
tinct mutations were identified, including 21 in BRCA1 and
11 in BRCA2. For a comprehensive analysis of the BRCA1/2
mutation spectrum, all mutations reported in KoOC patients
thus far were investigated and have been summarized in
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Table 2. Multivariate logistic regression in Korean ovarian cancer patients between BRCA1/2 mutation status and clinico-
pathological characteristics

OR, odds ratio; CI, confidence interval; FHBOC, family history of breast/ovarian cancer; FH, family history; FIGO, Interna-
tional Federation of Gynecology and Obstetrics; LN, lymph node. a)Patients with primary breast cancer or first- or second-
degree relatives with breast or ovarian cancer.

Characteristic OR (95% CI) p-value

Age (< 50 yr vs. ! 50 yr) 1.762 (0.861-3.605) 0.121
FHBOCa) (yes vs. no) 9.089 (3.204-25.783) < 0.001
FH of other cancers (yes vs. no) 1.223 (0.861-2.653) 0.747
Tumor histology (serous vs. non-serous) 3.834 (1.035-14.201) 0.044
FIGO stage (III/IV vs. I/II) 3.738 (1.258-11.106) 0.018
LN metastasis (yes vs. no) 1.143 (0.538-2.427) 0.729
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Table 3.  Spectrum of BRCA1/2 mutations in Korean ovarian cancer (KoOC) patients

Site Mutationa) Type No. of citations No. of citations No. of citations 
in KoOCb) in BIC in KOHBRA

BRCA1 (39 districts)
2 c.1A>G MS 1 (1) 8 NR

6 c.277_279delTTTinsCC FS 1 (0) 0 NR

7 c.390C>A NS 8 (2) 1 R

11 c.922_924AGCinsT NS 5 (1) 0 R

11 c.928C>T NS 1 (0) 0 R

11 c.981_982delAT FS 1 (1) 13 R

11 c.1179_1180dupAG FS 2 (2) 0 NR

11 c.1716delA FS 2 (1) 0 R

11 c.1831delC NS 2 (2) 0 R

11 c.1953delG FS 1 (1) 0 NR

11 c.1962insT FS 2 (0) 0 R

11 c.2047delA FS 1 (0) 0 NR

11 c.2359delG FS 1 (0) 0 R

11 c.2433delC FS 4 (1) 11 R

11 c.2914G>T NS 1 (0) 0 R

11 c.3157delG FS 1 (0) 0 R

11 c.3296delC FS 1 (0) 2 R

11 c.3340G>T NS 1 (0) 1 R

11 c.3377_3378delATinsG FS 1 (0) 0 NR

11 c.3442delG FS 5 (2) 2 R

11 c.3607C>T NS 1 (0) 36 R

11 c.3627insA FS 14 (5) 9 R

11 c.3895C>T NS 1 (0) 1 R

11 c.3991C>T NS 2 (1) 0 R

11 c.4040_4041delGA FS 1 (0) 0 NR

11 c.4041_4042delAG FS 2 (0) 0 R

16 c.4801A>T NS 1 (0) 2 NR

16 c.4981G>T NS 1 (1) 1 R

17 c.5030_5033delCTAA FS 1 (1) 17 R

18 c.5080G>T NS 1 (1) 12 R

18 c.5102_5103delTG FS 1 (0) 3 R

22 c.5339T>Cc) MS 5 (2) 1 NR 

23 c.5444G>A NS 2 (1) 4 R

23 c.5445G>A NS 3 (3) 0 R

24 c.5470_5477delATTGGGCA FS 1 (1) 2 R

24 c.5496_5506delGGTGACCCGAGinsA FS 4 (4) 3 R

IVS5 c.212+1G>A SP 1 (0) 6 R

IVS6 c.302-2A>C SP 1 (1) 1 R

IVS23 c.5467+1G>A SP 2 (0) 5 R

BRCA2 (16 districts)
3 c.276insA FS 1 (1) 1 R

10 c.1111A>T NS 1 (1) 0 NR

10 c.1399A>T NS 4 (1) 2 R

11 c.2259delT FS 1 (1) 0 R

11 c.2798_2799delCA FS 1 (1) 1 R

11 c.3599_3600delGT FS 1 (0) 6 R

11 c.3744_3747delTGAG FS 1 (0) 8 R

(Continued to the next page)
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Table 3.  Continued

Site Mutationa) Type No. of citations No. of citations No. of citations 
in KoOCb) in BIC in KOHBRA

11 c.4207dupA FS 1 (1) 0 NR
11 c.5576_5579delTTAA FS 3 (1) 29 R
11 c.5656C>T NS 1 (1) 2 R
13 c.6952C>T NS 1 (1) 5 R
15 c.7480C>T NS 4 (0) 11 R
19 c.8437_8439delGGA IF 1 (0) 0 NR
20 c.8572delC FS 1 (1) 0 NR
21 c.8717_8718delAA FS 1 (0) 0 R
25 c.9431delC FS 1 (1) 0 R

BIC, Breast Cancer Information Core; KOHBRA, Korean Hereditary Breast Cancer; NR, not reported; R, reported; MS, mis-
sense; NS, nonsense; FS, frameshift; SP, splicing. a)Nomenclature system of the Human Genome Variation Society (http://
www.hgvs.org/mutnomen), b)Numbers in parentheses indicate repeated numbers in this study, c)Recently implicated as a
deleterious mutation rather than a variant of unknown significance.

Fig. 2.  Spectrum analysis of 111 (55 distinct) BRCA1/2 mutations detected in Korean ovarian cancer (KoOC) patients. The
ratio of BRCA1 to BRCA2 mutations and most frequent mutation in KoOC patients (A), and the corresponding values in in
Korean breast cancer patients as analyzed in the Korean Hereditary Breast Cancer (KOHBRA) study (B). The proportions of
Korean population-specific mutation to non-Korean population-specific mutation (C) and recurrent mutation to non-recur-
rent mutation (D).
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Table 3. To date, 111 mutations have been reported in KoOC
patients, including 87 BRCA1 mutations (78.4%) and 24
BRCA2 mutations (21.6%) (Fig. 2A). BRCA1 mutations were
more prevalent than BRCA2 mutations, with a BRCA1-to-
BRCA2 prevalence ratio of 3.6:1. Of the 111 BRCA1/2 muta-
tions, 55 distinct mutations were identified, including 39
BRCA1 and 16 BRCA2 mutations. Among these pathologic
55 mutations, 24 (43.6%) were specific to Korean women and
have not been previously reported in the BIC database 
(Fig. 2C). Ten Korean population-specific mutations (18.2%)
have not yet been reported in the KOHBRA study. Nineteen
distinct mutations (19/55 distinct, 34.5%) were recurrent and
were detected in at least two unrelated patients (Fig. 2D). Of
these recurrent mutations, five were highly recurrent and
were found more than five times in unrelated patients:
c.3627insA (n=14), c.390C>A (n=8), c.922_923AGCinsT (n=5),
c.5339T>C (n=5), and c.3442delG (n=5) (Table 4). These five
recurrent mutations account for 33.3% (37 of 111) of the 
mutations detected in the Korean population. These highly
recurrent mutations were considered to be most likely the
founder mutations in KoOC, and all of these have been 
reported in the KOHBRA study (Table 4).

Discussion

In this study, we included 279 unselected EOC patients
and comprehensively evaluated BRCA1/2 mutations in the
largest multicenter Korean cohort to date. We also analyzed
the BRCA1/2mutation spectrum, including all mutation vari-
ants previously reported in KoOC. Across previous studies
in Korea, the frequency of BRCA1/2mutations has reportedly
been quite diverse, ranging between 23.8% and 31.9% [9-11]
(S3 Table); this variation could have been caused by inter-
study heterogeneity, including the differences in sample size,

inclusion criteria, and the methods used for detecting muta-
tion. In the present study, the overall frequency of BRCA1/2
mutations in unselected KoOC patients was 16.5% (Fig. 1A),
which was comparable to the frequency of 13% to 15% in
western cohorts [6,14,15]. In addition, the frequency of
BRCA1/2mutations observed in the present study was com-
parable to the frequencies reported in other recent Asian 
reports, ranging from 11% to 17% [16-18]. These data suggest
that there are no marked ethnic differences in the frequency
of BRCA1/2mutations. 

In terms of the age-of-onset, patients with BRCA1/2muta-
tion are characterized by developing EOC at a younger age,
based on a report of western cohorts [6]. Unlike the data for
western cohorts, in this study, the mean age of patients with
BRCA1/2 mutation was not significantly lower than that of
those without BRCA1/2mutation (53.7±9.6 years vs. 54.2±10.9
years, p=0.765). There were no significant differences in the
proportion of patients with early age-of-onset (< 50 years) of
ovarian cancer between BRCA1/2mutation carriers and non-
carriers (39.1% vs. 30.5%, p=0.223) in KoOC patients. Simi-
larly to the present study, other studies including Asian
populations have also shown no significant difference in the
mean age-of-onset based on the presence or absence of
BRCA1/2mutation [16-18]. Difference of genetic background
and non-genetic factors, such as birth cohort and reproduc-
tive and lifestyle-related factors, could have influenced dif-
ferent results in Asian EOC patients. 

Regarding the clinicopathological findings, patients with
BRCA1/2 mutations are characterized by serous histology
[6,19] and advanced stage with unfavorable outcomes
[6,19,20]. In the present study, 91.3% (42/46 BRCA1/2muta-
tion cases) had serous histology (Table 1). Only four cases
(8.7%) with non-serous histology were identified, comprising
three cases with clear carcinoma and one with endometrioid
carcinoma. We did not find any other mucinous or mixed
types (S2 Table). The fraction of serous carcinoma in KoOC
patients with BRCA1/2 mutation was comparable to those
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Table 4.  Spectrum of highly frequent BRCA1/2mutations in Korean hereditary breast and ovarian cancer patients

Gene Site Mutationa) Type No. of citations No. of citations 
in KoOC (%) in KOHBRA (%)

BRCA1 11 c.3627insA FS 14 (12.6) 9 (2.3)
BRCA1 7 c.390C>A NS 8 (7.2) 21 (5.5)
BRCA1 11 c.922_924AGCinsT NS 5 (4.5) 13 (3.4)
BRCA1 22 c.5339T>Cb) MS 5 (4.5) 0 (
BRCA1 11 c.3442delG FS 5 (4.5) 2 (0.5)

KoOC, Korean ovarian cancer; KOHBRA, Korean Hereditary Breast Cancer; FS, frameshift; NS, nonsense; MS, missense.
a)Nomenclature system of the Human Genome Variation Society (http://www.hgvs.org/mutnomen), b)Recently implicated
as a deleterious mutation rather than a variant of unknown significance.

VOLUME 51 NUMBER 3 JULY 2019  947



previously mentioned in some western reports. Our study
also found that BRCA1/2 mutations were significantly asso-
ciated with an advanced FIGO stage of III/IV (p=0.007) and
LN metastasis (p=0.011) (Table 1); in case of LN metastasis,
it was not significant in multivariate logistic regression
(Table 2). 

Recently, two relatively large population-based studies 
including 95 and 916 women with unselected ovarian cancer
were performed in Japan [17] and China [18], respectively,
which are geographically close to Korea. On comparing three
studies of East Asian populations, including the present 
Korean study, we found no marked ethnic differences in the
BRCA1/2 mutation frequency among the studies (12.6% in
Japan, 16.7% in China, and 16.5% in Korea) (Table 5). These
East Asian studies showed no significant difference in the
mean age-of-onset between BRCA1/2 mutation carriers and
non-carriers (Japan, 57 years vs. 55 years; China, 53 years vs.
54 years; and Korea, 53 years vs. 54 years) (Table 5). In addi-
tion, these three studies revealed significant associations 
between BRCA1/2 mutation and clinicopathological charac-
teristics, including serous histology and advanced FIGO
stage (Table 5). However, compared with EOC patients with
BRCA1/2 mutation in Korea and China, those in Japan
showed a lower frequency of BRCA1/2mutation and higher
mean age of onset. The high frequency of BRCA2 mutations
and the low proportion of FH of ovarian and/or breast can-
cer in Japanese EOC patients may have led to these differ-
ences in results, possibly indicating that the BRCA1/2 muta-
tion spectrum and/or founder mutations in Japanese EOC
patients markedly differ from those in the other two coun-
tries. 

Although only a few single-center studies including KoOC
patients have been done, a large majority of spectrum analy-

sis of BRCA1/2mutations in Korean HBOC patients was per-
formed by the nationwide KOHBRA study [12,13]. Among
the 2,403 index patients, 378 were found to carry BRCA1/2
mutations. Overall, 153 distinct mutations were identified,
including 63 in BRCA1 and 90 in BRCA2. When the BRCA1/2
mutation spectrum was compared between KoOC and KoBC
patients, the BRCA1-to-BRCA2 ratio was 3.6:1.0 in KoOC and
1.0:1.4 in KoBC patients, representing that BRCA1mutations
(78.4%) were predominant in KoOC (Fig. 2A), whereas
BRCA2 mutations (59.2%) were predominant in KoBC 
(Fig. 2B). In the KOHBRA study, a replacement mutation,
c.7480C>T, in the BRCA2 gene, which was identified as a 
Korean founder mutation through haplotype analysis by
Seong et al. [21], was the most commonly detected mutation,
accounting for 10.1% of all BRCA1/2 mutations (Fig. 2B). In
the present study of KoOC patients, c.3627insA in the BRCA1
gene, was the most commonly detected mutation, accounting
for 12.6% of all BRCA1/2 mutations (Fig. 2A), and c.7480C>
T was identified in only four unrelated EOC patients, 
accounting for 3.6% of all BRCA1/2 mutations (Table 3). In
our study, the BRCA1/2mutation spectrum varied according
to the cancer type (ovarian and breast cancers) among the
Korean HBOC population. The inconsistency of the BRCA1/2
mutation spectrum between ovarian cancer and breast cancer
in Korean HBOC was an unexpected result. Previously,
Rebbeck et al. [22] investigated hazard ratios for breast and
ovarian cancer based on mutation type, function, and nucleo-
tide position in the international sample comprised of 19,581
BRCA1/2mutation carriers from 55 centers in 33 countries on
six continents. They identified three breast cancer cluster 
regions (BCCRs) and one ovarian cancer cluster region (OCCR)
in BRCA1 and three BCCRs and three OCCRs in BRCA2, sug-
gesting that breast and ovarian cancer risks were different
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Table 5.  Comparison of BRCA1/2 mutations in unselected patients with ovarian cancer from three Asian countries

Characteristic Japan China Korea
Sakamoto et al. [17] Shi et al. [18] This study

Total No. 95 ( 916 ( 278 (
Overall prevalence of BRCA1/2mutations 12 (12.6) 153 (16.7) 46 (16.5)
Prevalence of BRCA1/2 mutations with FHBOCa) 6/36 (16.7) 39/84 (46.4) 19/58 (32.8)
Ratio of BRCA1:BRCA2 mutations (n:n) 1:1.4 (5:7) 3.3:1 (120:36) 3.2:1 (35:11)
Age-of-onset, mean (yr)
BRCA1/2mutation+ 57 ( 53 ( 53 (
BRCA1/2mutation– 55 ( 54 ( 54 (

Serous histology 12/12 (100) 131/153 (85.6) 42/46 (91.3)
Advanced FIGO stage (III/IV) 12/12 (100) 91/97b) (93.8) 40/46 (87.0)

Values are presented as number (%). FHBOC, family history of breast/ovarian cancer; FIGO, International Federation of
Gynecology and Obstetrics. a)Patients with primary breast cancer or first- or second-degree relatives with breast or ovarian
cancer, b)Cases with unknown stage (n=56) were excluded. 
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by type and location of BRCA1/2 mutations. These results
support possible presence of mutation sequence-associated
penetrance tendency according to cancer type, breast or ovar-
ian cancer, in hereditary KoBOC. To elucidate the likelihood
of mutation sequence-related penetrance tendency leading
to breast or ovarian cancer in Korean HBOC, further studies
regarding pooled database and risk assessment of BRCA1/2
mutations for Korean HBOC are required.  

The identification of recurrent mutations, including foun-
der mutations, enables the development of cost-effective
screening protocols and more efficient genetic counseling. In
previous studies including Jewish populations [23-25], three
mutations (BRCA1 c.68_69delAG, c.5266dupC, and BRCA2
c.5946delT) were identified as highly recurrent founder 
mutations, accounting for approximately 90% of all BRCA1/2
mutations. In fact, screening based on these three founder
mutations alone is currently ongoing in clinical practice for
Ashkenazi Jewish individuals. In the present study, 65.4%
(36 of 55 distinct) of BRCA1/2mutations were non-recurrent
and the remaining 34.6% (19 of 55 distinct) were recurrent.
Among the recurrent BRCA1/2mutations, five highly recur-
rent mutations, which were the candidates for Korean foun-
der mutations, accounted for only 33.3% (37 of 111) of muta-
tions detected in KoOC (Table 4). Considering the diversity
of mutation spectrum and the low proportion of highly 
recurrent mutations in KoOC patients with BRCA1/2 muta-
tion, a screening protocol aimed at identifying highly recur-
rent founder mutations may not be effective. Currently, a full
direct sequencing analysis for BRCA1/2 is being performed
in KoOC patients for the initial screening of HBOC. 

Although this study is the first multi-center study in Korea,
all the participating centers are located in the city of Busan,
making our study less representative of the country as a
whole. In addition, the absolute number of participants car-
rying BRCA1/2mutations was relatively small. Nevertheless,
the prevalence and clinical significance, excluding the early
onset of ovarian cancer, of BRCA1/2 mutations in KoOC 
patients was not significantly different from the values 
reported in large population-based western studies. In this
investigation, we found that KoOC and KoBC had different

spectra of the BRCA1/2 mutations; however, indirect analy-
ses between KoOC and KoBC patients were conducted to
compare the BRCA1/2 mutation spectrum; herein, the data
for KoBC patients were from the KOHBRA study. To confirm
our results, further direct comparisons of BRCA1/2mutation
spectra in a single cohort of Korean HBOC patients is requi-
red.

In conclusion, we demonstrated herein that KoOC patients
with BRCA1/2 mutation were significantly associated with
several clinicopathologic factors, such as serous histology
and an advanced FIGO stage. However, KoOC patients with
BRCA1/2 mutation were not characterized by an early age-
of-onset (age < 50) of ovarian cancer. An analysis of the
BRCA1/2 mutation spectrum in KoOC patients showed that
the BRCA1-to-BRCA2 ratio and the most commonly detected
mutation were different from those of KoBC patients. Owing
to the different mutation spectra of KoOC and KoOC patients
among Korean HBOC, there were might be presence of pos-
sible penetrance tendency leading to breast cancer or ovarian
cancer by mutation sequence-specific manner. Taken 
together, our observations may provide an insight for better
genetic counseling and clinical surveillance for the at-risk rel-
atives of KoOC patients. 
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Purpose

Amplified mesenchymal-epithelial transition factor, MET, is a receptor tyrosine kinase (RTK)

that has been considered a druggable target in non-small cell lung cancer (NSCLC). Although

multiple MET tyrosine kinase inhibitors (TKIs) are being actively developed for MET-driven

NSCLC, the mechanisms of acquired resistance to MET-TKIs have not been well elucidated.

To understand the mechanisms of resistance and establish therapeutic strategies, we 

developed an in vitro model using the MET-amplified NSCLC cell line EBC-1.    

Materials and Methods

We established capmatinib-resistant NSCLC cell lines and identified alternative signaling

pathways using 3! mRNA sequencing and human phospho-RTK arrays. Copy number alter-

ations were evaluated by quantitative polymerase chain reaction and cell proliferation assay;

activation of RTKs and downstream effectors were compared between the parental cell line

EBC-1 and the resistant cell lines. 

Results

We found that EBC-CR1 showed an epidermal growth factor receptor (EGFR)–dependent

growth and sensitivity to afatinib, an irreversible EGFR TKI. EBC-CR2 cells that had overex-

pression of EGFR-MET heterodimer dramatically responded to combined capmatinib with

afatinib. In addition, EBC-CR3 cells derived from EBC-CR1 cells that activated EGFR with

amplified phosphoinositide-3 kinase catalytic subunit " (PIK3CA) were sensitive to combined

afatinib with BYL719, a phosphoinositide 3-kinase " (PI3K") inhibitor. 

Conclusion

Our in vitro studies suggested that activation of EGFR signaling and/or genetic alteration of

downstream effectors like PIK3CA were alternative resistance mechanisms used by cap-

matinib-resistant NSCLC cell lines. In addition, combined treatments with MET, EGFR, and

PI3K" inhibitors may be effective therapeutic strategies in capmatinib-resistant NSCLC 

patients. 
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Introduction

Receptor tyrosine kinases (RTKs) and their ligand have
been found to be genetically altered and overexpressed in
various human cancers and therefore considered as thera-
peutic targets for cancer [1]. The mesenchymal-epithelial
transition factor (MET) and its ligand, hepatocyte growth fac-

tor, are required for organ regeneration and tissue damage
repair, which resemble the pathological process of tumor 
invasion [2]. Accordingly, aberrant activation of MET signal-
ing cascades including multiple downstream effector path-
ways such as signal transducer and activator of transcription
3 (STAT3), rat sarcoma (RAS)/mitogen-activated protein 
kinase (MAPK), and phosphoinositide-3-kinase (PI3K)/AKT,
occurs in many types of cancer; receptor crosstalk with other
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RTKs also has been observed [3]. MET can be inappropriately
activated via mutations, amplification and/or overexpres-
sion [4-6]. 

Lung cancer is the leading cause of cancer-related death
worldwide. Genetic alteration of MET has been detected in
non-small cell lung cancer (NSCLC) and MET amplification
has been reported in epidermal growth factor receptor tyro-
sine kinase inhibitor (EGFR-TKI)-naïve NSCLC patients,
with a prevalence of 1.4% to 21% [7-10]. In NSCLC, amplifi-
cation of MET results in constitutive kinase activity in the 
absence of its ligand; overexpression acts as an oncogenic
driver and activator of downstream signaling pathways such
as the PI3K/AKT pathway [5,11]. 

MET presents an attractive therapeutic target for cancers
including NSCLC and amplification of MET is an excellent
predictive marker of sensitivity to MET-TKIs [6,9,12,13]. Cap-
matinib (INC280, Novartis) is a highly potent and selective
small molecule inhibitor of MET. The selectivity of capma-
tinib is > 10,000-fold for MET in human kinase assays [14].
In addition, capmatinib demonstrated potent inhibition of
cell growth and MET-dependent survival signaling activity
in MET-dependent cell lines and patient tumor [6,15]. 
Although a dramatic response to capmatinib was observed
in MET-amplified NSCLC [15], acquired resistance to cap-
matinib is inevitable. Therefore, in vitro NSCLC cell line mod-
els are useful to identify the molecular mechanisms of resis-
tance to capmatinib and establish strategies to overcome it.

In this study, we have established MET-amplified NSCLC
cell lines that showed acquired resistance to capmatinib and
evaluated its resistance mechanisms. We demonstrated that
capmatinib-resistant NSCLC cells were dependent on alter-
native pathway activation. Despite acquired resistance, the
combined inhibition of EGFR or PIK3CA dramatically sup-
presses cell proliferation and downstream signals of capma-
tinib-resistant NSCLC cell lines, which suggested that this
combination could be an effective therapeutic strategy
against MET-TKI resistance in NSCLC patients.  

Materials and Methods

1. Cell lines and drugs

The EBC-1 cell line, which is an NSCLC cell line that har-
bors a MET amplification, was purchased from the JCRB Cell
Bank (Osaka, Japan). Capmatinib-resistant EBC-1 cell lines
(EBC-CR1, -CR2, and -CR3) were established via stepwise 
exposure to capmatinib at final concentrations of 1.5, 2.2, and
2.4 µmol/L, respectively and were not selected from one cell
without cloning. EBC-CR1, -CR2, and -CR3 cells were main-

tained in 1 µmol/L of capmatinib over 2 months and selected
due to diverse resistance mechanisms; these are referred to
as capmatinib-resistant cell lines. All cell lines were incu-
bated in RPMI1640 medium (Gibco, Carlsbad, CA) with 10%
FBS, 2 mmol/L of L-glutamine (Gibco), and 1% penicillin/
streptomycin (Gibco) in a 37˚C incubator. Capmatinib (MET
inhibitor), crizotinib (anaplastic lymphoma kinase/MET 
inhibitor), afatinib (irreversible EGFR inhibitor), BYL719
(PI3K! inhibitor), PD1730-74 (fibroblast growth factor recep-
tor [FGFR] inhibitor), and BGJ398 (FGFR inhibitor) were pur-
chased from Selleck Chemicals (Boston, MA). Capmatinib
was prepared at 5 mmol/L and the other drugs were pre-
pared as 10 mmol/L stock solutions in 100% dimethyl sul-
foxide. Recombinant heparin-binding EGF-like growth factor
(HBEGF) was purchased from Prospec (East Brunswick, NJ).
All cell lines used in this study were authenticated by Short
Tandem Repeat STR analysis using PowerPlex kit (Promega,
Madison, WI).

2. Cell viability and apoptosis assays

To determine the sensitivity of the cell lines to these inhi-
bitors in vitro, cells were seeded into 96-well microplates at
5,000 cells/well and incubated in medium for 24 hours prior
to exposure to the drugs. The cells were incubated with serial
dilutions of the inhibitors in a final volume of 200 µL/well
for 72 hours. After the 72-hour incubation, Ez-cytox (Dogen,
Seoul, Korea) was added to each well and the plates were 
incubated for 3 hours in a 37°C incubator. The optical density
was measured at a test wavelength of 450 nm using an Eon
Microplate Spectrophotometer (Biotech, Winooski, VT). The
IC50 values were calculated by Sigma Plot 12 (Hulinks,
Tokyo, Japan). Cells were seeded in 6 well plates at a density
of 5!105 per wells for cell cycle and apoptosis analyses.
Twenty-four hours later, the cells were treated with inhi-
bitors for 72 hours. Both adherent and floating cells were har-
vested and stained with propidium iodide (1.0 mg/mL) and
RNase A (10 mg/mL) (Sigma-Aldrich, St. Louis, MO). Quan-
tification for the cell-cycle distribution and the sub-G1 pop-
ulation was performed by flow cytometric analysis using BD
FACSCalibur (BD, East Rutherford, NJ) and ModFit LT ver-
ity software (Verity Software House Inc., Topsham, ME).

3. Western blot analysis and human phospho-RTK array

EBC-1 parental and EBC-CR1, -CR2, and -CR3 cell lines,
grown to adequate densities in 6-well plates, were treated for
2 hours with capmatinib alone, 24 hours with the combina-
tion of capmatinib and afatinib, or 24 hours with BYL719.
Rabbit monoclonal antibodies to detect phospho-MET (Tyr-
1234/1235), phospho-EGFR (Tyr1068), phospho-STAT3
(Tyr705), phospho-AKT (Ser473), total MET, total EGFR, total
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AKT, total p44/42 MAPK, and glyceraldehyde 3-phosphate
dehydrogenase, and mouse monoclonal antibody to detect
total STAT3 were purchased from Cell Signaling Technology
(Danvers, MA). Mouse anti-phospho-p44/42 MAPK (Thr-
202/Tyr204) was purchased from Santa Cruz Biotechnology
(Dallas, TX). Western blotting chemiluminescence reagents
were purchased from GE Healthcare (Chicago, IL). All anti-
bodies and reagents were used according to the manufactur-
ers’ instructions.

Phospho-RTK was detected using the Human Phospho-
RTK Array kit (R&D Systems, Minneapolis, MN). An LAS-
3000 imaging system (Fuji Photo Film Co., Stanford, CT) was
used for image analysis.

4. Co-immunoprecipitation

Cells were washed once with modified Dulbecco’s phos-
phate-buffered saline and lysed in buffer containing 0.025 M
Tris, 0.15 M NaCl, 0.0001 M EDTA, 1% NP-40, and 5% glyc-
erol (pH 7.4). Protein G/A agarose resin (Thermo Fisher Sci-
entific, Waltham, MA) was incubated for 2 hours with rabbit
monoclonal anti-MET antibody (Cell Signaling Technolo-
gies), anti-EGFR antibody (Cell Signaling Technologies) or
rabbit IgG control (Invitrogen, Carlsbad, CA) as a negative
control and cell lysate at 1 mg of protein was mixed with 
antibody-coupled resin (Cell Signaling Technologies) over-
night at 4°C. Co-immunoprecipitation was performed using
the Pierce Co-IP Kit (Thermo Fisher Scientific). Immunopre-
cipitates were washed, eluted, and separated by sodium 
dodecyl sulfate polyacrylamide gel electrophoresis. Western
blot was performed as described above. 

5. Genomic DNA analysis

Gene copy numbers were determined by quantitative
polymerase chain reaction (PCR). Genomic DNA (gDNA)
was extracted from cell lines using the Exgene Cell SV Kit
(Geneall Biotechnology, Seoul, Korea). Quantitative PCR was
used to determine the gene copy number as follows: gDNA
was amplified with specific primers (S1 Table) and SYBR
Green PCR Master Mix (Applied Biosystems, Waltham, MA)
using the GeneAmp PCR System (Applied Biosystems); 
images were captured with the Gel Logic 200 Imaging Sys-
tem (Kodak, Rochester, NY). Gene copy numbers were 
extrapolated from an external standard curve generated by
serial dilutions of human gDNA (Merck Millipore, Darm-
stadt, Germany). The PCR products were purified using the
PCR Purification Kit (Invitrogen), and sequenced by bidirec-
tional Sanger sequencing.

6. Quantitative reverse transcription PCR and 3!-mRNA 
sequencing

Total RNA was extracted from EBC-1 parental and resist-
ant cell lines using the RNA Mini Kit (Invitrogen) and 
reverse transcribed using Superscript III Reverse Transcrip-
tase (Invitrogen). The StepOnePlus Real-Time PCR System
(Applied Biosystems) was used for amplification of cDNA
and quantitative real-time reverse transcriptase polymerase
chain reaction was performed using the SYBR Green PCR
Master Mix (Applied Biosystems) with specific primers 
(S2 Table). Relative gene expression was calculated using the
!!Ct (cycle threshold) method with "-actin as the reference
gene. Sequencing of the 3!-mRNA was performed using
Quantseq technology (Lexogen, Vienna, Austria). RNA was
extracted from EBC-1 and resistant cell lines as described
above. Hierarchical clustering was analyzed on log2-fold
changes in gene expression using the MultiExperiment
Viewer (Dana Farber Cancer Institute, Boston, MA). Normal-
ized read counts were calculated as (log2) > 6, and genes
with an adjusted p < 0.05 were considered significantly dif-
ferentially expressed.

7. Statistical analysis

Data are presented as mean±standard deviation of inde-
pendently performed experiments. Statistical analyses were
evaluated using Sigma Plot 12 (Systat Software Inc., San Jose,
CA). Student's t tests were used to indicate statistically sig-
nificant differences (p < 0.05).

Results

1. Establishment of EBC-1 cells with acquired resistance to
capmatinib 

EBC-1 cells were derived from NSCLC cell lines harboring
MET amplification and showing high sensitivity to MET-
TKIs. To explore the molecular mechanisms of resistance to
MET-TKIs, we used capmatinib, an MET inhibitor that is cur-
rently being studied in clinical trials. Using the EBC-1 cell
line, we established total three cell lines resistant to capma-
tinib (EBC-CR1, -CR2, and -CR3) by stepwise exposure to
capmatinib from 10 nM to final concentrations of 1.5, 2.2, and
2.4 µmol/L, respectively to observe various resistant mech-
anisms. The EBC-CR3 cell line was derived from the EBC-
CR1 cell line by continuous exposure to a higher concen-
tration of capmatinib during additional 3 months (S3A Fig.).
First, we evaluated the sensitivity of the all three resistant
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cell lines to capmatinib by cell viability assay. The MET-TKIs

were not toxic to the resistant cell lines (IC50, > 10 µmol/L on

EBC-CR1–3 cells and 3.70±0.10 nmol/L on EBC-1 cells; and

sub-G1, 18.15±3.31% on EBC-CR1, 8.37±4.61% on EBC-CR2,

12.17±3.6% on EBC-CR3, and 61.22±4.78% on EBC-1 cells)

(Fig. 1A, S3B Fig.). Next, we confirmed the decrease of MET
gene copy number by qPCR in resistant cell lines, which was

accompanied by downregulation of MET phosphorylation

(Fig. 1B). These results suggested that capmatinib strongly

affected not only kinase activity but also MET copy number,

which indicated its potent efficacy against MET-dependent

tumors. Also, there were no additional MET-activating 

mutations identified by Sanger sequencing (data not shown).

In resistant cell lines, complete inhibition of MET phospho-

rylation by capmatinib demonstrated that there were no

MET mutations that prevented the binding of capmatinib.

Although complete inhibition of MET kinase was observed,

phosphorylation of AKT and ERK1/2 were not completely

Cancer Res Treat. 2019;51(3):951-962

Fig. 1.  Molecular characterization of capmatinib-resistant cell lines. (A) Capmatinib-resistant cell lines (EBC-CR1, EBC-CR2,

and EBC-CR3) were derived from EBC-1, which is a non-small cell lung cancer cell line that harbors mesenchymal-epithelial

transition factor (MET) amplification. Cell lines were treated with capmatinib and crizotinib for 72 hours and growth inhi-

bition was determined by cell viability assay (Ez-cytox). Tests were performed as three independent experiments. The EBC-

CR1, -CR2, and -CR3 cell lines showed resistance to capmatinib and cross-resistance to crizotinib. (B) The resistant cell lines

showed significant MET copy number loss after long-term treatment with capmatinib (*p < 0.05). MET copy number was

confirmed by quantitative polymerase chain reaction. hgDNA, human genomic DNA (C) Capmatinib-resistant cells had

persistent expression of phosphorylated ERK1/2 and AKT in the presence of capmatinib. EBC-1 and the resistant cell lines

were treated with capmatinib at 1 µmol/L for 2 hours then analyzed by Western blot. Glyceraldehyde 3-phosphate dehy-

drogenase (GAPDH) was used as the loading control for the Western blot. (Continued to the next page)
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inhibited in the resistant cell lines by a single treatment with

capmatinib (Fig. 1C). These results suggest that ‘main’ sur-

vival pathways in resistant cells change from MET signal to

other alternative kinase pathway.

2. Acquired resistant mechanisms to capmatinib associated
with EGFR kinase pathway 

To identify alternative survival pathways of capmatinib

resistance, EBC-1, EBC-CR1, -CR2, and -CR3 cells were

screened for gene expression by 3!-mRNA sequencing. First,

we analyzed expression of RTK-related genes by hierarchical

clustering. RTK-related genes were stratified into several

clusters and almost 20% of RTK-related genes were signifi-

cantly upregulated in the resistant cell lines (Table 1, Fig. 1D).

According to the results of 3' mRNA sequencing, MET

mRNA expression was slightly decreased and EGFR mRNA

expression was increased in EBC-CR1, -CR2, and -CR3 com-

pared to the parental cell line (Table 1). We then confirmed

increased EGFR protein phosphorylation compared to mul-

tiple RTKs in the resistant cell lines but observed no change

in EGFR copy number (S1C and S3D Fig.). The mostly 

upregulated genes were KIT and EFEMP1 (Table 1, Fig. 1D).

Although KIT mRNA was highly upregulated, KIT activa-

tion was not observed in phospho-RTK array (S3C Fig.). In

contrast, EGFR signal was activated at both mRNA and pro-

tein levels. In addition, EFEMP1 that binds to EGFR can 

activate the downstream signals and eventually increase

EGFR signal [16]. These results suggested that the EGFR sig-

naling pathway might be an alternative pathway for MET.

Although EGFR activation was increased in all resistant cell

lines, cell viability assay to afatinib showed that only EBC-

CR1 remained sensitive to afatinib alone (Fig. 2A). Interest-

ingly, capmatinib inhibited EGFR kinase phosphorylation in

EBC-1 cells. To determine the mechanism of EGFR pathway

activation in the EBC-CR1 cell line, we tested the expression

of multiple EGFR ligands (including epidermal growth factor

[EGF], amphiregulin, epiregulin, transforming growth fac-

tor-!, and HBEGF) and observed that HBEGF expression was

elevated in EBC-CR1 cells (Fig. 2B, S4A Fig.). To further 

explore the role of HBEGF in EGFR activation, we added 

exogenous HBEGF to the EBC-1 and EBC-CR1 cell lines and

found that HBEGF was sufficient to rescue to MET inhibition

in the MET-dependent NSCLC cell line, EBC-1 (S3E Fig.). In

EBC-CR1, cultures with HBEGF were more resistant to EGFR

inhibition than those without ligand (p < 0.01) (S3F Fig.). 

Unlike the parental cell line, a single treatment with afatinib

effectively inhibited phosphorylation of EGFR, AKT, and

ERK1/2 despite persistent MET kinase activation (Fig. 2C).

As a result, EGFR activation was highly dependent on

HBEGF as the main survival signal in EBC-CR1 cells.

3. Increased MET and EGFR heterodimerization can cause
acquired resistance to capmatinib

In contrast to EBC-CR1 cells, in EBC-CR2 cells, the com-

bined blockade of MET and EGFR kinase significantly abol-

Fig. 1.  (Continued from the previous page) (D) Hierarchical

clustering analysis of the resistant cell lines revealed a

cluster containing seven receptor tyrosine kinases (RTKs)

that was increased in all resistant cell lines. The values for

clustering analysis fulfilled the requirements of normal-

ized read counts (log2) > 6 and p < 0.05. The fold changes

in expression of these RTKs are indicated in Table 1. Each

color represents relative gene expression with the highest

expression as red, lowest expression as green, and median

expression as black. 
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ished phosphorylation of the downstream signaling mole-
cules, AKT and ERK1/2 (Fig. 3A). While activation of both
MET and EGFR kinase was diminished in the parental cell
line, EGFR phosphorylation was increased in EBC-CR2 cells
by capmatinib treatment and MET phosphorylation was 
increased by afatinib. Intriguingly, EBC-CR2 cells displayed
more dominant MET-EGFR heterodimers than the parental
cell line (Fig. 3B). To determine the efficacy of combined
treatment with capmatinib and afatinib, we performed the
cell viability assay to compare the effect of capmatinib, afa-
tinib, and their combination in EBC-CR2 cells. We observed
that the IC50 was lower in the cells treated with the combina-
tion compared to either compound alone, which suggested
that capmatinib and afatinib synergistically inhibited cell
proliferation (Fig. 3C). These results indicated that dual
blockade of MET and EGFR obstructed the MET-mediated
EGFR survival signal caused by MET and EGFR heterodi-
merization. Accordingly, the MET-EGFR heterodimer is a
much more dominant form of activated EGFR kinase, which
is the main survival signal in EBC-CR2 cells. 

4. Acquired resistance to EGFR TKI beyond capmatinib 
resistance

Despite continuous exposure of the EBC-CR3 cell line 
(derived from EBC-CR1 cells) to capmatinib but not EGFR-
TKI resulted in the loss of sensitivity to afatinib in the cell 
viability assay (Fig. 4A). In Western blot, EBC-CR3 showed
a complete block of EGFR or MET activation, but persistent
AKT phosphorylation after afatinib treatment (S5B Fig.). We
performed qRT PCR and Sanger sequencing to investigate
the mechanism underlying EGFR-dependent resistance to
afatinib. We found that PIK3CA mRNA expression was 
increased and gene copy number was amplified in EBC-CR3
cells, which was unlike what we observed in the other cell

lines (Fig. 4B, S5C Fig.); however, we did not find any hot
spot mutations in PIK3CA (data not shown). PIK3CA ampli-
fication was observed frequently and might play a patho-
genic role in lung cancer, especially squamous cell carcinoma
[17]; thus we hypothesized that PIK3CA amplification is 
acquired resistant mechanism to capmatinib. To confirm this
hypothesis, we tested the efficacy of BYL719 on PIK3CA 
inhibition in EBC-CR3 cells, because this molecular target of
BYL719 had been reported previously. [18] As a result, we
showed resistance after a single treatment with BYL719;
however, the cells with concurrent EGFR overexpression
were sensitive to BYL719 in the presence of afatinib in the
cell viability assay (IC50 for BYL719, 140.84±19.65 nmol/L)
(Fig. 4A). Although EBC-1 and EBC-CR2 cells were resistant
to combined treatment of BYL719 and afatinib, it showed 
additive effect on EBC-CR1 cells (S6A Fig.). In addition, the
combination of BYL719 with afatinib effectively inhibited
phosphorylation of AKT, despite the persistence of the MET
signal (Fig. 4C), and inactivation of RAS/MAPK pathway
(data not shown). The combined treatment incompletely 
inhibited AKT phosphorylation on EBC-1 and -CR2 (S6B
Fig.). Although one or more colony might be formed in EBC-
CR3 cells, there was no other genetic modification in other
colonies except PIK3CA amplification. These results demon-
strated that wild-type PIK3CA amplification could be an 
additional mechanism of resistance to EGFR-TKI in capma-
tinib-resistant cancers; however, the combined therapy effec-
tively overcame the resistance to TKIs in a MET-independent
manner in the presence of additional genetic alterations.

Cancer Res Treat. 2019;51(3):951-962

Gene
Fold change

EBC-CR1/EBC-1 EBC-CR2/EBC-1 EBC-CR3/EBC-1
KIT 24.250 73.500 28.250
EFEMP1 10.200 32.369 17.131
INSR 4.252 2.194 6.600
CD74 4.767 13.317 4.481
IGF1R 5.546 7.636 3.350
EGFR 4.001 4.160 5.189 
MET 0.824 0.900 0.936 

Table 1. Differential expression of genes encoding RTKs between EBC-1 and resistant cells

Gene expression profiles were measured by 3!mRNA sequencing. RTK, receptor tyrosine kinase; EFEMP1, EGF containing
fibulin like extracellular matrix protein 1; INSR, insulin receptor; IGF1R, insulin like growth 1 receptor; EGFR, epidermal
growth factor receptor; MET, mesenchymal-epithelial transition factor.
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Discussion

In this study, we observed EGFR mRNA overexpression

without the presence of an EGFR activating mutation or 

amplification, as described above. These findings suggested

that common resistance to capmatinib occurred via activa-

tion of signaling pathways outside of MET kinase, rather

than via genetic alteration of specific genes. Furthermore,

partial or complete engagement of the EGFR signal was one

resistance mechanism against capmatinib, which indicated a

preferable alternative signaling pathway in MET-dependent

Seulki Kim, Acquired Resistance to Capmatinib

Fig. 2.  Shift from mesenchymal-epithelial transition factor (MET) to epidermal growth factor receptor (EGFR) kinase pathway

in EBC-CR1. (A) EBC-1 and resistant cell lines were treated with afatinib for 72 hours. The 50% inhibitory concentrations

(IC50) were calculated using Sigma Plot 12.0; results are indicated as mean±standard deviation. (B) Heparin-binding epidermal

growth factor!like growth factor (HBEGF) expression was measured by quantitative reverse transcription polymerase chain

reaction in three independent experiments. HBEGF expression was increased in the EBC-CR1 cell line compared to the

parental and other capmatinib-resistant cell lines (**p < 0.01). (C) For Western blot, EBC-1 and EBC-CR1 cells were treated

with serial 10-fold dilutions ranging from 0.1 to 1 µmol/L of capmatinib with or without afatinib at 1 µmol/L for 24 hours.

EBC-CR1 showed almost complete dependency on downstream signaling due to afatinib treatment with or without capma-

tinib. Phosphorylation of AKT and ERK1/2 was efficiently inhibited by capmatinib in EBC-1 cells. GAPDH, glyceraldehyde

3-phosphate dehydrogenase.
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cancer cells.
Previous clinical research reported de novo MET amplifi-

cation in NSCLC patients. MET amplification may be drug-
gable targets for MET-TKIs on the basis of preclinical and
clinical findings [19-21]. Therefore, preclinical and clinical tri-
als of MET-TKIs have been reported for several cancers. Cap-
matinib, which is currently in clinical trials, is a very selective
and potent MET-specific agent for MET-dependent cancer
[6,13,15]. However, rapid development of acquired resist-
ance to MET-TKIs has been crucial limitation to efficacy.
Nonetheless, only a few resistance mechanisms of MET-TKIs
have been elucidated up until now. Therefore, it is important
to identify the underlying mechanisms of MET-TKIs resist-
ance through molecular studies and establish effective ther-
apeutic strategies to manage acquired resistance. Although

an in vivo model is important, in vitro cancer cell lines can
provide a valuable model system to investigate resistance
mechanisms. Here, we have used this in vitro strategy to
identify molecular resistance mechanisms of capmatinib in
MET-amplified NSCLC cell lines.

MET positively regulates EGFR signal pathway via mul-
tiple mechanisms, so EGFR phosphorylation decrease by 
selective MET-TKI, capmatinib in MET-amplified NSCLC
cell lines [6]. The EGFR signal has been reported as a prefer-
able bypass mechanism for MET kinase, and the combination
of EGFR-TKI with MET-TKI renders resistant cells sensitive,
as described in several studies [22-24]. In addition, the clini-
cal evidence of EGFR co-amplification as a resistance mech-
anism to other MET kinase inhibitor existed in MET-amplified
esophagogastric cancer [25]. One of our resistant cell lines

Cancer Res Treat. 2019;51(3):951-962

Fig. 3.  Combined treatment with capmatinib and afatinib effectively inhibited phosphorylation of downstream signaling
and proliferation in EBC-CR2 cells. (A) For Western blot, EBC-CR2 cells were treated with increasing concentrations of cap-
matinib with or without afatinib at 1 µmol/L for 24 hours. Capmatinib significantly increased epidermal growth factor 
receptor (EGFR) phosphorylation in a dose-dependent manner. The combination of capmatinib with afatinib at 1 µmol/L
effectively inhibited phosphorylation of AKT and ERK at a low concentration of capmatinib, 100 nmol/L. (B) The het-
erodimerization of receptor tyrosine kinases was analyzed by co-immunoprecipitation. Although immunoprecipitation (IP)
with mesenchymal-epithelial transition factor (MET) showed EGFR-MET interactions in EBC-CR1, 2, and 3 cells, IP with
EGFR showed an interaction between EGFR and MET only in EBC-CR2 cells. Therefore, EBC-CR2 cells had more dominant
EGFR-MET heterodimers than the other resistant cell lines. (C) EBC-CR2 cells treated with capmatinib, afatinib, and capma-
tinib with afatinib at 0.1 µmol/L, respectively, for 72 hours. Treatment with the combination of capmatinib with afatinib
synergistically inhibited EBC-CR2 cell proliferation.
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Fig. 4.  PIK3CA amplification in EBC-CR3, resulting to afatinib-resistance and schematic model of resistant mechanisms to
capmatinib in MET-amplified non-small cell lung cancer (NSCLC) cell lines. (A) Treatment of EBC-CR3 cells with afatinib,
BYL719, and BYL719 with afatinib at 0.1 µmol/L, respectively, for 72 hours. BYL719 with afatinib synergistically inhibited
proliferation of EBC-CR3 cells. (B) PIK3CA copy numbers in the cell lines were measured by quantitative polymerase chain
reaction. Compared to the other cell lines and the human genomic DNA control, PIK3CAwas amplified in the EBC-CR3 cell
line (**p < 0.01). (C) Treatment of EBC-CR3 cells with afatinib 500 nmol/L, BYL719 1 µmol/L, or BYL719 with afatinib at 500
nmol/L, respectively, for 24 hours. The combination of BYL719 with afatinib completely inhibited AKT phosphorylation.
(D) In a drug-sensitive cell line harboring MET amplification, cell proliferation and survival signals are highly dependent
on constitutively activated MET kinase without ligand binding and/or homodimerization. In addition, MET activates the
epidermal growth factor receptor (EGFR) signal pathway via multiple mechanisms. In contrast, the MET pathway cannot
act as a survival signal and alternative pathways must be activated in capmatinib-resistant cells. We confirmed three different
mechanisms of resistance to capmatinib in MET-dependent NSCLC cell lines. (1) heterodimerization between MET and
EGFR, (2) increased EGFR and EGF-like growth factor (HBEGF) expression; and (3) PIK3CA amplification via activated
EGFR-dependent PIK3CA stimulation, resulting in afatinib resistance. Each mechanism has different molecular characteristics
and therapeutic strategies. GAPDH, glyceraldehyde 3-phosphate dehydrogenase; PI3K, phosphoinositide-3-kinase; mTOR,
mammalian target of rapamycin.
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(EBC-CR2) also was sensitive to the combined treatment. 

Interestingly, phosphorylation of EGFR in the EBC-CR2 cell

line was increased by capmatinib in a dose-dependent man-

ner, in contrast to the parental EBC-1 cell line. Therefore, we

assumed that MET and EGFR kinase may be activated via

heterodimer formation and the ability of the main cell sig-

naling pathway to freely alternate between MET and EGFR.

The EGFR pathway was mainly activated in the presence of

MET-TKI and the MET pathway was activated in the pres-

ence of EGFR-TKI because of heterodimer interactions. EBC-

CR2 cells displayed the most MET-EGFR heterodimerization

compared to the parental and other resistant cell lines, as pre-

viously mentioned. EGFR heterodimerization as resistant

mechanism has been reported in some RTK inhibitors [26,27],

but not in MET-TKI. These results suggest that heterodimer

can be acquired mechanism of MET-TKI for the first time.

Presumably, physical interaction between MET and EGFR

might facilitate the formation of MET-EGFR heterodimer or

trans-phosphorylation [28]. In addition, effective suppression

of cell proliferation in response to combined treatment sup-

ports combined therapy with MET and EGFR inhibitors as a

potential therapeutic strategy for MET-TKI acquired resist-

ance in cancer patients.

EGFR phosphorylation was inhibited by capmatinib in the

parental EBC-1 cell line, but not in the EBC-CR1 cell line 

(Fig. 2C). This result suggested that the EGFR signal of EBC-

CR1 was independent of the MET signal. The survival signal

in EBC-CR1 cells had completely shifted from MET to EGFR,

because a single treatment with afatinib effectively inhibited

downstream signaling and cell proliferation. Intriguingly,

EBC-CR1 cells, which were completely EGFR-dependent, 

became resistant to afatinib via PIK3CA amplification by cul-

ture in continuous high concentrations of capmatinib as EBC-

CR3 cells (Fig. 3A and B). Genetic alteration of PIK3CA

frequently co-occurs with other oncogenic alterations includ-

ing MET [29]. For example, concurrent PIK3CAmutation and

the MET exon 14-skipping mutation, which results in consti-

tutive activation of MET, result in primary resistance to MET-

TKIs [30,31]. In the case of EBC-CR3 cells, PIK3CA ampli-

fication might be an important mechanism of acquired resist-

ance to EGFR-TKI beyond MET-TKI resistance, which was

demonstrated by the independence of EBC-CR1 cells from

the MET kinase signal.

Despite exposure to similar final concentrations of capma-

tinib (EBC-CR2, 2.2 µmol/L; and EBC-CR3, 2.4 µmol/L),

EGFR/MET co-dependent EBC-CR2 cells consistently showed

sensitivity to the combination of capmatinib with afatinib. In

contrast, EBC-CR3 cells acquired additional resistant mech-

anism of PIK3CA amplification. Based on this observation, a

possible explanation for resistance is that EGFR-MET het-

erodimerization increased the cells’ genetic stability or had

a higher threshold concentration to induce a genetic change;

Cancer Res Treat. 2019;51(3):951-962

Gene
Fold change

EBC-CR1/EBC-1 EBC-CR2/EBC-1 EBC-CR3/EBC-1
ASTE1 1.124 0.587 0.497 

DCLRE1A 0.928 0.329 0.419 

DNA2 0.482 0.086 0.210 

ESCO2 1.025 0.113 0.229 

EXO1 1.055 0.500 0.500 

INO80C 0.371 0.424 0.181 

PCNA 0.879 0.360 0.425 

PPP5C 1.216 0.622 0.437 

RPS3 2.433 1.232 1.157 

TP73 0.343 0.054 0.086 

TRIP13 1.091 0.130 0.481 

UBE2NL 1.721 0.318 0.604 

XRCC3 0.633 0.284 0.302 

UNG 0.771 0.235 0.329 

Table 2. Fold change of downregulated DNA repair gene expression on gene ontology analysis

ASTE1, asteroid homolog 1; DCLRE1A, DNA cross-link repair 1A; DNA2, DNA replication helicase/nuclease 2; ESCO2, 

establishment of sister chromatid cohesion N-acetyltransferase 2; EXO1, exonuclease 1; INO80C, INO80 complex subunit C;

PCNA, proliferating cell nuclear antigen; PPP5C, protein phosphatase 5 catalytic subunit; RPS3, ribosomal protein S3; TP73,

tumor protein p73; TRIP13, thyroid hormone receptor interactor 13; UBE2NL, ubiquitin conjugating enzyme E2 N like;

XRCC3, X-ray repair cross complementing 3; UNG, uracil DNA glycosylase.
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thus, a genetic alteration was not required in EBC-CR2 cells.
Anticancer drugs promote chromosomal instability by 
inducing fragile sites in chromosomes that lead to amplifica-
tion events [32]. In addition, we observed that EBC-CR3 cells
had less DNA repair-related gene expression than EBC-CR1
(Table 2, S3A Fig.). AKT overactivation might suppress DNA
repair in EBC-CR3 cells like a previous study [33]. However,
it is unknown whether DNA repair-related genes clearly con-
tribute to capmatinib resistance and further study may be
necessary to investigate the role of DNA repair genes as a
capmatinib resistance mecahnism. Capmatinib had less of an
effect on the unconstrained survival signal change in 
response to RTK inhibitors in EBC-CR2 cells. In contrast to
EBC-CR2 cells, EBC-CR1 cells relied on ligand-dependent 
activation, which was less stable resistant mechansism to 
kinase inhibitor than heterodimerization. Therefore, a secon-
dary event was required to increase the stability of the cells
against potent MET inhibition, and shift the cells toward a
MET-independent survival signal. Afatinib plus BYL719 
effectively inhibit PIK3CA-amplified EBC-CR3 cells by the
down-regulation of phosphorylated AKT signal that is a
downstream effector of PI3K signal. Taken together, althou-
gh treatment schedules or drug concentrations were similar,
in vitro drug-resistant models showed heterogeneous resist-
ance mechanisms in various resistant clones [34] like patients
who have heterogenous resistance mechanisms [35].

In conclusion, our findings suggested that a single cell line
can develop several types of EGFR-dependent mechanisms
of resistance to MET-TKIs in MET-amplified NSCLC cell
lines. One mechanism involved an increase in ligand and 
receptor expression. Indeed, we found increased EGFR and
HBEGF mRNA expression or MET-EGFR heterodimer for-

mation, which resulted in sensitivity of EBC-CR2 cells to
combined therapy, as mechanisms to promote acquired 
resistance. The most interesting finding was that capmatinib
treatment resulted in a shift from capmatinib resistance to
afatinib resistance via PIK3CA amplification.

Because cancers become resistant to MET-TKI in clinical
settings, it is important to understand TKI-resistance mech-
anisms in preclinical and clinical studies. Therefore, our 
results highlighted the relationship between MET, EGFR and
additional altered oncogenes such as PIK3CA in the context
of therapeutic strategies involving kinase inhibitors in cap-
matinib-resistant NSCLC cells. 

Future efforts should be directed to prove the resistant
mechanisms through an in vivo model as well as clinical data
from MET-amplified NSCLC that acquires resistance to cap-
matinib (NCT02414139).
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Purpose

The purpose of this study was to compare oncologic outcomes between open nephroure-

terectomy (ONU) and laparoscopic nephroureterectomy (LNU) in patients with upper tract

urothelial carcinoma. 

Materials and Methods

The medical records of consecutive ONU and LNU cases from five tertiary institutions were

retrospectively analyzed between 2000 and 2012. The propensity-score matching method-

ology was used to compare the two surgical approaches in terms of age, body mass index,

American Society of Anesthesiologists score, tumor location, grade, pathologic T and N cat-

egories, the presence of lymphovascular invasion, and follow-up duration. The Kaplan-Meier

with log-rank tests and clustered Cox regression were used to compare the estimated rates

of survival for each surgical approach and to investigate the effect of the surgical approach

on each prognostic outcome.

Results

Six hundred thirty-eight propensity-score matching pairs (n=1,276) were compared; LNU

was significantly better than ONU in all types of survival, including intravesical recurrence-

free survival (IVRFS), disease-free survival, overall survival (OS), and cancer-specific survival

(CSS) (p < 0.05). The 3-year OS and CSS rates were significantly higher with LNU than with

ONU (p < 0.05). Compared with ONU, LNU had significantly better 3-year OS and CSS rates

(82.9% and 86.2% vs. 78.3% and 81.8%); there were no differences at 5 years. In subgroup

analysis of the early-staged group, advanced-stage group, lymph node–positive group, and

lymph node–negative group, the two approaches did not significantly affect prognostic out-

comes, except LNU improved the IVRFS in the lymph node–negative or no history of previous

bladder cancer group.     

Conclusion

LNU had a significantly better prognostic outcome than ONU after propensity-score match-

ing.
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Introduction

Upper urinary tract urothelial carcinoma (UTUC) accounts
for 5%-10% of all urothelial carcinomas with an estimated
annual incidence of 1-2 cases per 100,000 inhabitants [1]. The
gold standard curative treatment for localized UTUC is rad-
ical nephroureterectomy (RNU) with ipsilateral bladder cuff
removal. The surgery provides adequate local tumor control
and long-term survival, except for patients with regional
nodal metastases and distant metastases with poor estimated
5-year survival rates less than 30% and 10%, respectively [2].

RNU can be performed using two different techniques:
open or laparoscopically. Previous comparative series bet-
ween the two techniques in UTUC showed differences in
whether the perioperative outcome was better with laparo-
scopic RNU (LNU) and whether the oncologic outcome was
better with open RNU (ONU) [3-7]. Several studies including
Peyronnet et al.’s study [4] with 2,629 patients who under-
went LNU and 4,925 patients who underwent ONU empha-
sized a poorer oncologic outcome in the LNU group than in
the ONU group, especially for patients with laparoscopic
bladder cuff removal and locally advanced high-risk cancer
(pT3/pT4 and/or high-grade cancer) [3,7]. Another recent
study by Kido et al. [8] reported an insignificant effect of the
surgical technique on prognostic outcome in 229 patients
(21%) with locally advanced UTUC who underwent LNU.
Liu et al. [9] also reported no statistically significant differ-
ences in prognostic survival between the LNU and ONU
groups among 265 patients with UTUC (stage T1-4/N0-X)
who underwent RNU. However, all these conclusions came
from retrospective studies and systemic reviews of patients
with different baseline clinicopathological parameters and
several inherent selection biases.

Therefore, the present study aimed to compare ONU and
LNU in terms of multiple oncologic outcomes, including 
intravesical recurrence-free survival (IVRFS), disease-free
survival (DFS), cancer-specific survival (CSS), and overall
survival (OS), after eliminating the different baseline clinico-
pathological characteristics important for survival prognosis
in UTUC by using the propensity-score matching methodol-
ogy. Five tertiary Korean institutions collected their patients
with UTUC who underwent either LNU or ONU and per-
formed subset analyses according to the tumor stages (T1-2,
T3-4, N+, and N0) to evaluate the technical differences in
their prognostic outcomes.

Materials and Methods

1. Patient population

We retrospectively reviewed data from 1,521 patients with
UTUC underwent either ONU (n=906) or LNU (n=615) with
bladder cuffing from five participating tertiary Korean insti-
tutions (National Cancer Center, Asan Medical Center, Sam-
sung Medical Center, Seoul National University Hospital,
and Korea University Hospital) in the Urothelial Cancer-
Advanced Research and Treatment (UCART) Study Group
between January 2000 and December 2012. We excluded 
patients with previous or concomitant radical cystectomy,
bilateral UTUC, no complete follow-up records, partial ure-
terectomy, and a history of neoadjuvant chemotherapy. Med-
ical records were reviewed for age at surgery, sex, body mass
index (BMI), American Society of Anesthesiologists (ASA)
score, previous bladder cancer, concomitant bladder cancer,
tumor location, pathological tumor stage, tumor grade, the
presence of lymphovascular invasion (LVI) or concomitant
carcinoma in situ, lymph node status, receipt of adjuvant
chemotherapy, follow-up, and oncologic outcomes. The 1998
World Health Organization/International Society of Uro-
logic Pathology consensus classification was used for tumor
grading [8], and the 2010 American Joint Committee on Can-
cer/Union Internationale Contre le Cancer [Tumor-Node-
Metastasis] classification was used for tumor staging [9].

RNU was performed using the open or laparoscopic tech-
nique according to the standard surgical methodology (intra-
vesical or extra-fascial dissection of the kidney with the entire
length of the ureter and with the adjacent segment of the
bladder cuff). The indications for ONU or LNU and their 
operative techniques were mainly based on the surgeon’s
discretion, which have previously been described [3,10]. Dis-
section of the hilar and regional lymph nodes adjacent to the
ipsilateral great vessel was performed according to the sur-
geon’s discretion if the lymph node was intraoperatively pal-
pable or enlarged on preoperative axial imaging. To elimi-
nate the learning curve of LNU, the early cases of LNU in the
first 5 years of performing LNU were excluded from the data
collection. Adjuvant chemotherapy was administered accor-
ding to the pathologic stage for those who generally had non-
organ-confined disease (stages 3-4). 

2. Follow-up schedule

Patients were generally evaluated every 3-4 months during
the first year after RNU, every 6 months during years 2-5,
and annually thereafter. However, not all follow-up proto-
cols were standardized because of the retrospective, multi-
center study design. Cystoscopy, blood tests, and urine tests
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were included in the routine surveillance protocol. Abdom-
inal and chest computed tomography or magnetic resonance
imaging was suggested annually or more often, depending
on the patient’s clinical stage. Other protocols, including
urine cytology, ultrasonography, and elective bone scans,
were performed when clinically indicated. Cases of death
were determined by reviewing records from the National
Cancer Registry.

3. Statistical analysis

To compensate for the multicenter heterogeneity of base-
line characteristics between eligible participants who under-
went RNU, propensity-score matching was used to evaluate
the prognostic effect of the two surgical approaches. The
propensity score was estimated by a logistic regression
model of nine factors with significantly different baseline
characteristics, including age, BMI, ASA score, tumor loca-
tion, grade, pathologic T and N categories, the presence of
lymphovascular invasion, and follow-up duration.

Demographic data are presented as a median with mini-
mum and maximum for continuous variables or a frequency
with percentage for categorical variables. To identify the dif-
ference between the two approaches, the chi-square test and
Mann-Whitney U test were used to analyze the original data
set. In the matched cohort set, the McNemar or Bowker test
and Wilcoxon signed-rank test were used in consideration of
the dependency arising from the propensity-score matching.
The Kaplan-Meier estimator was used to estimate the rates
of prognostic outcomes, and the survival curves were com-
pared using the stratified log-rank test. Clustered Cox regres-
sion was used to investigate the effect of the surgical app-
roach for each prognostic outcome. In addition to controlling
for confounding factors, the 3-year and 5-year survival rates
were estimated by the Kaplan-Meier estimator and com-
pared by the z-test. In pre-specified subgroup analyses,
which were constructed based on factors known to signifi-
cantly affect the prognosis in the original data set, the Cox
proportional hazard model was selected to assess the effect
of the surgical approaches on the prognostic outcomes, alone
and after adjusting for potential confounders.

4. Ethical statement

This retrospective multicenter study’s protocol was 
approved by the institutional review board of the National
Cancer Center (approval no. NCC-2016-0040) and complied
with the principles of the Declaration of Helsinki. The requi-
rement for written informed consent was waived because of
the retrospective design. All patient data and records were
anonymized before the analysis.

Results

Among all the 1,693 patients who underwent RNU for
UTUC, the baseline clinicopathological demographic char-
acteristics were compared between the 978 patients (57.8%)
who underwent ONU and the 715 patients (42.2%) who 
underwent LNU. This comparison resulted in significant
baseline differences of BMI, the ASA score, tumor location,
tumor grade, pathological T and N categories, concomitant
presence of LVI, and duration of follow-up (p < 0.05) (Table 1).
To equilibrate those significantly different baseline charac-
teristics, 638 propensity-score matching pairs were obtained
among 1,276 patients.

Using the 638 matching pair data set with a median fol-
low-up duration of 40.5 (1.0-184.4) months, the prognostic
outcomes, including IVRFS, DFS, OS, and CSS, were com-
pared between the ONU group with a median follow-up of
37.8 months (range, 1.0 to 184.4 months) and LNU group
with a median follow-up of 44.3 months (range, 1.0 to 157.9
months) (p > 0.05 for the follow-up duration between the
ONU and LNU groups). The Cox regression analysis of the
predictive risk factors in the matching data set showed that
LNU was significantly better than ONU in IVRFS (hazard
ratio [HR], 0.832), DFS (HR, 0.688), OS (HR, 0.524), and CSS
(HR, 0.545) (p < 0.05) (Table 2). In the original data set, other
significant clinicopathological parameters were female sex,
previous and concomitant bladder tumor history, pT2 and
pN1 categories, and adjuvant chemotherapy for IVFRS; pre-
vious and concomitant bladder tumor history, tumor loca-
tion, pT2-4 and pN1 categories, and presence of concomitant
LVI for DFS; BMI, ASA score, previous and concomitant
bladder tumor history, tumor grade, pT2-4 and pN1 cate-
gories, and presence of concomitant LVI for OS; and previous
and concomitant bladder tumor history, tumor grade, pT2-4
and pN1 categories, and presence of concomitant LVI for CSS
(p < 0.05) (S1 and S2 Tables).

The comparison estimated 3-year and 5-year survival rates
showed LNU had significantly better 3-year OS rate (82.9%)
and CSS rate (86.2%) survival rates (ONU, 78.3% and 81.8%);
however, there were no differences in 5-year OS and CSS
(p=0.104 and p=0.105, respectively) (Table 3).

For further comparison analyses of the prognostic outcome
between ONU and LNU in the subset of patients, subgroups
were divided into the no previous bladder tumor history
group, early-staged group (pT1-2), advanced-stage group
(pT3-4), lymph node-positive group (pN1), and lymph node-
negative group (pN0). In the subset of no previous bladder
cancer history, and negative lymph-node group, LNU had
significantly better IVRFS than ONU (HR, 0.782; 95% confi-
dence interval [CI], 0.651 to 0.937; p=0.008; and HR, 0.730;
95% CI, 0.573 to 0.931; p=0.011). In the early-staged, advan-
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ced-staged, and lymph node-positive groups, prognostic out-
comes were not significantly different according to the sur-
gical approach (p > 0.05) (Table 4).

Discussion

A recent systemic review of 42 studies about comparative
oncological outcomes between LNU and RNU was pub-
lished by Peyronnet et al. [4] who reported that LNU might
have significantly poorer oncological outcomes and be a less
effective procedure compared with ONU, especially in 
locally advanced UTUC, whereas the perioperative out-

Cancer Res Treat. 2019;51(3):963-972

Table 2. Comparison of ONU and LNU in bladder recurrence, PFS, OS, and CSS in the matched cohort set

ONU, open nephroureterectomy; LNU, open nephroureterectomy; PFS, progression-free survival; OS, overall survival; CSS,
cancer-specific survival; HR, hazard ratio; CI, confidence interval; IVRFS, intravesical recurrence-free survival. a)Adjusted
for the propensity score, which was estimated by the logistic regression model with 9 factors. 

Model HR (95% CI) p-value
IVRFS

Unadjusted LNU vs. ONU 0.839 (0.706-0.997) 0.047
Adjusted LNU vs. ONUa) 0.832 (0.699-0.991) 0.039

PFS
Unadjusted LNU vs. ONU 0.690 (0.561-0.849) < 0.001
Adjusted LNU vs. ONUa) 0.688 (0.558-0.847) < 0.001

OS
Unadjusted LNU vs. ONU 0.544 (0.441-0.672) < 0.001
Adjusted LNU vs. ONUa) 0.524 (0.423-0.650) < 0.001

CSS
Unadjusted LNU vs. ONU 0.560 (0.441-0.712) < 0.001
Adjusted LNU vs. ONUa) 0.545 (0.428-0.694) < 0.001

(

Outcome No. of events (%)
3-Year 5-Year

Estimated rate (%) p-value Estimated rate (%) p-value
IVRFS

ONU 410 (41.92) 56.52±1.72 0.157 52.24±1.81 0.087
LNU 268 (37.48) 60.22±1.97 57.01±2.12

PFS
ONU 287 (29.35) 73.09±1.49 0.198 68.81±1.60 0.070
LNU 174 (24.34) 75.98±1.68 73.20±1.82

OS
ONU 307 (31.39) 78.27±1.38 0.024 71.51±1.58 0.104
LNU 150 (20.98) 82.92±1.53 75.50±1.88

CSS
ONU 229 (23.42) 81.81±1.31 0.023 76.49±1.50 0.105
LNU 116 (16.23) 86.17±1.41 80.25±1.77

Table 3. Estimated 3-year and 5-year survival rates of prognostic outcomes

Values are presented as number (%) or mean±standard error. The z-test was based on Klein and Moeschberger (2005) Section
7.8 [11]. IVRFS, intravesical recurrence-free survival; ONU, open nephroureterectomy; LNU, open nephroureterectomy; PFS,
progression-free survival; OS, overall survival; CSS, cancer-specific survival.
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Subgroup No. of events (%)

Univariate Multivariable

HR (95% CI) p-value HR (95% CI) p-value

No previous bladder

IVRFS

ONU 304 (39.18) 1 (reference) 1 (reference)

LNU 195 (33.11) 0.816 (0.681-0.977) 0.027 0.782 (0.651-0.937) 0.008 

PFS

ONU 216 (27.84) 1 (reference) 1 (reference)

LNU 137 (23.26) 0.882 (0.712-1.094) 0.255 1.027 (0.822-1.284) 0.812 

OS

ONU 240 (30.93) 1 (reference) 1 (reference)

LNU 115 (19.52) 0.778 (0.621-0.975) 0.029 0.856 (0.678-1.081) 0.191 

CSS

ONU 171 (22.04) 1 (reference) 1 (reference)

LNU 91 (15.45) 0.809 (0.626-1.045) 0.105 0.917 (0.703-1.196) 0.522 

Early stage (T1, T2)

IVRFS

ONU 196 (48.40) 1 (reference) 1 (reference)

LNU 138 (42.07) 0.858 (0.690-1.068) 0.169 0.871 (0.699-1.087) 0.222 

PFS

ONU 76 (18.77) 1 (reference) 1 (reference)

LNU 50 (15.24) 0.907 (0.634-1.298) 0.594 1.229 (0.846-1.785) 0.280 

OS

ONU 82 (20.25) 1 (reference) 1 (reference)

LNU 49 (14.94) 1.038 (0.723-1.491) 0.839 1.102 (0.758-1.603) 0.611 

CSS

ONU 48 (11.85) 1 (reference) 1 (reference)

LNU 31 (9.45) 1.042 (0.66-1.645) 0.859 1.282 (0.804-2.045) 0.297 

Severe stage (T3, T4)

IVRFS

ONU 146 (34.60) 1 (reference) 1 (reference)

LNU 84 (30.11) 0.776 (0.592-1.015) 0.064 0.793 (0.602-1.045) 0.100 

PFS

ONU 201 (47.63) 1 (reference) 1 (reference)

LNU 116 (41.58) 0.825 (0.656-1.038) 0.101 1.003 (0.791-1.272) 0.979 

OS

ONU 204 (48.34) 1 (reference) 1 (reference)

LNU 92 (32.97) 0.749 (0.584-0.962) 0.023 0.866 (0.670-1.120) 0.273 

CSS

ONU 170 (40.28) 1 (reference) 1 (reference)

LNU 80 (28.67) 0.744 (0.569-0.972) 0.030 0.861 (0.654-1.133) 0.284 

Lymph node positive (pN1)

IVRFS

ONU 19 (19.19) 1 (reference) 1 (reference)

LNU 10 (32.26) 1.481 (0.683-3.211) 0.320 1.483 (0.683-3.219) 0.319 

PFS

ONU 65 (65.66) 1 (reference)

LNU 22 (70.97) 1.023 (0.630-1.662) 0.927 

OS

ONU 58 (58.59) 1 (reference) 1 (reference)

LNU 13 (41.94) 0.620 (0.339-1.134) 0.120 0.658 (0.359-1.207) 0.177 

Table 4. Comparative survival analysis between LNU and ONU according to each subgroup

(Continued to the next page)
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comes of LNU were significantly better than those of ONU
[6,12]. However, a recent meta-analysis of 21 studies from Ni
et al. [13] showed no significant differences between the two
approaches in IVBFS, OS, and CSS. They stated that LNU
could offer comparable oncological efficacy to ONU. The 
interpretation of these data is limited since patients managed
with a laparoscopic approach were more likely to have Ta/
Tis or T1 disease and less likely to have T3 or T4 lesions. To
overcome this baseline selection bias, adjustment of the dif-
ferent baseline parameters, including the stages of cancer,
should be considered first, and propensity-score matching is
one of the methods that can be used to adjust the baseline
differences and minimize the selection bias in retrospective
studies.

Another meta-analysis from Zhang et al. [14] also reported
a comparable efficacy between LNU and ONU. These differ-
ent oncological outcomes between ONU and LNU have been
influenced by the inherent flaws of the meta-analytic metho-
dology that differ in design, diverse surgical methodologies,
and heterogeneous cohorts enrolled with different baseline
clinicopathological parameters and tumor burdens, which
affected interpretation of the statistical outcome. A better 
designed study that excludes the inherent heterogeneity of
baseline differences of tumor burden is needed to determine
the oncologic efficacy of LNU compared with ONU.

Overall opinions from published studies and experts about
the insignificant oncological outcomes according to surgical

approaches for localized UTUC have been consistently in
agreement [4,7,15]. In addition, LNU has been identified sig-
nificantly as having a better perioperative outcome than
ONU [13]. However, in prognostic view of locally advanced
UTUC, conflicting findings from different LNU and ONU
groups have been in debate about whether ONU has signif-
icantly better oncological outcomes than LNU [5,7,14]. Two
retrospective, multicenter studies of 265 patients from Chi-
nese institutions and 609 patients from French multicenter
institutions showed no significant differences in IVBFR, OS,
and CSS between the two approaches in locally advanced
stages of UTUC, suggesting LNU as an alternative procedure
to ONU [5,14].

All the aforementioned retrospective and meta-analytic
studies have implicated potential risk factors such as surgical
experiences and the heterogeneity of the patient cohorts. The
current study was designed to appropriately compare two
surgical approaches and to compensate for the potential 
inborn bias of baseline differences of known prognostic clin-
icopathological parameters by adjusting and balancing the
baseline characteristics and disease states using propensity-
score matching of 1,276 patients (638 matched-paired cohorts),
which resulted in significant non-inferior oncological out-
comes of LNU compared to ONU similar to previous studies
[4,14,15]. By balancing the intrinsic bias of the different char-
acteristics of the present study’s cohort population, it would
be much clearer to analyze the oncological outcomes and to

Cancer Res Treat. 2019;51(3):963-972

Subgroup No. of events (%)

Univariate Multivariable

HR (95% CI) p-value HR (95% CI) p-value

CSS
ONU 49 (49.49) 1 (reference) 1 (reference)
LNU 12 (38.71) 0.663 (0.352-1.249) 0.203 0.704 (0.372-1.330) 0.279 

Lymph node negative (pN0)

IVRFS
ONU 167 (48.55) 1 (reference) 1 (reference)
LNU 115 (36.51) 0.707 (0.556-0.897) 0.004 0.730 (0.573-0.931) 0.011 

PFS
ONU 84 (24.56) 1 (reference) 1 (reference)
LNU 69 (22.19) 0.955 (0.692-1.316) 0.777 0.973 (0.698-1.356) 0.874 

OS
ONU 112 (32.75) 1 (reference) 1 (reference)
LNU 76 (24.44) 0.919 (0.682-1.238) 0.578 0.889 (0.655-1.203) 0.451 

CSS
ONU 70 (20.47) 1 (reference) 1 (reference)
LNU 54 (17.36) 0.939 (0.657-1.342) 0.729 0.941 (0.651-1.354) 0.747 

Table 4. Continued

ONU, open nephroureterectomy; LNU, open nephroureterectomy; CI, confidence interval; HR, hazard ratio; IVRFS, intrav-
esical recurrence-free survival; PFS, progression-free survival; OS, overall survival; CSS, cancer-specific survival.
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better demonstrate the true oncological efficacy of LNU. 
The present study was based on our previous retrospective

study by the multicenter UCART research team that used
this original data set; it was found that compared with ONU,
LNU had a significantly non-inferior oncological outcome
(the results of that study were accepted for publication by
Cancer Research and Treatment Journal in January 2018).
However, the previous study also had an inherent limitation
in its retrospective design with 1,560 uncontrolled, heteroge-
neous cohorts from different institutions, which were impor-
tant factors that affected the prognostic outcomes [16-18].
Thereby, the present study recruited patients since 2000 after
considering that surgeons had overcome the learning curve
of LNU, and focused on the results after adjusting for the
baseline differences between the two cohorts and on the
IVBFS, DFS, OS, and CSS according to different pathologic
stages at specific follow-up points to better clarify the onco-
logic benefits of LNU compared with ONU.

To compensate for the potential inborn bias of baseline dif-
ferences of known prognostic clinicopathological covariates,
propensity-score matching analysis was used to form a
matched cohort in consideration of various variables. Eight
significant parameters were selected among the baseline
characteristics, including age, to make the patients more 
homogeneous [19,20]. By excluding the heterogeneity of 
patient cohorts by propensity-score matching analysis and
controlling for the potential power of the surgical period, 
3-year and 5-year survival rates were analyzed to evaluate
the validity of the results from 1,276 patients selected from
1,693 patients. Additionally, a comparative subgroup analy-
sis of IVRBS, DFS, OS, and CSS between LNU and ONU was
performed. As a result, the current study design showed the
significantly potential efficacy of different prognoses of sur-
vival with LNU even in locally advanced UTUC, and LNU
had a significantly better efficacious oncological outcome
than ONU. With the previously established significant ben-
efits of perioperative morbidity [12], LNU was one of the 
alternatively considered surgical managements for UTUC
[5], including locally advanced stages; LNU should be fur-
ther analyzed in the future in terms of specific subgroups
such as operative bladder cuffing techniques.

The present study has several limitations such as selection
bias because of the retrospective, nonrandomized, multicen-
ter study design; lack of strictly standardized protocols for
patient selection, the operative procedure, perioperative 
parameters, and postoperative follow-up; and interpersonal
and interinstitutional variations of skills in bladder cuffing
methods. Several prognostic factors were unidentified, which
might affect the prognostic outcomes as confounding factors,
and different interpersonal surgical techniques and experi-
ences were not considered despite overcoming the learning
curve of RNU by excluding all the early laparoscopic cases

before 2000s since the introduction of LNU in the 1990s. After
considering the recovery of surgeons’ learning curve in LNU,
the oncological outcome was not significantly different 
between LNU and ONU considering the pathological stage
[20-22]. The differing inclusion and exclusion criteria from
various surgeons’ experiences according to the different 
institutions and the 400 excluded patients from this analysis
were other considerable factors that affected the prognostic
outcomes. However, this is the first large-sized study of data 
adjusted by different baseline characteristics that compared
the prognostic survival rates between ONU and LNU using
propensity-score matching analysis to minimize the selection
bias inherent to a retrospective study design and to adjust
for the different follow-up durations.

This study showed that LNU had a significantly better
prognostic outcome than ONU after propensity-score match-
ing of baseline clinicopathological differences in terms of
IVRFS, DFS, OS, and CSS. The subset analyses according to
the matching pair data set also showed that LNU was not 
inferior to ONU in the locally advanced UTUC. 
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Purpose
Cancer patients are at increased risk of treatment- or disease-related admission to the 
intensive care unit. Over the past decades, both critical care and cancer care have improved
substantially. Due to increased cancer-specific survival, we hypothesized that the number
of cancer patients admitted to the intensive care unit (ICU) and survival have increased.  

Materials and Methods
MIMIC-III was used to study trends and outcomes of cancer patients admitted to the ICU
between 2002 and 2011. Multiple logistic regression analysis was performed to adjust for
confounders of mortality.

Results
Among 41,468 patients analyzed, 1,083 were hemato-oncologic, 4,330 were oncologic
and 66 patients had both a hematological and solid malignancy. Admission numbers more
than doubled and the proportion of cancer patients in the ICU increased steadily from 2002
to 2011. In both the univariate and multivariate analyses, solid cancers and hematologic
cancers were strongly associated with 28-day mortality. This association was even stronger
for 1-year mortality, with odds ratios of 4.02 (95% confidence interval [CI], 3.69 to 4.38)
and 2.25 (95% CI, 1.93 to 2.62), respectively. Over the 10-year study period, both 28-day
and 1-year mortality decreased, with hematologic patients showing the strongest annual
adjusted decrease in the odds of death. There was considerable heterogeneity among solid
cancer types.

Conclusion
Between 2002 and 2011, the number of cancer patients admitted to the ICU more than
doubled, while clinical severity scores remained overall unchanged, suggesting improved
treatment. Although cancer patients had higher mortality rates, both 28-day and 1-year mor-
tality of hematologic patients decreased faster than that of non-cancer patients, while mor-
tality rates of cancer patients strongly depended on cancer type.

Key words
Critical care, Intensive care units, Neoplasms, Hematology, 
Oncology, Trends, Survival 
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Introduction

Cancer is a global public health concern and the second
leading cause of death in the United States and most devel-
oped countries [1]. Despite a slight decrease in cancer inci-
dence over the last two decades, cancer prevalence continues
to increase due to improved treatment and earlier diagnosis

[2]. 
Historically, advanced or end-stage oncological and hema-

tological patients were, due to their limited prognosis, fre-
quently not referred to intensive care units (ICU). Novel and
more efficient anti-neoplastic treatments have resulted in
prolonged progression-free and overall survival of oncolog-
ical and hemato-oncological patients [1]. Consequently, a
growing number of cancer patients is at risk of admission to
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ICU [3]. A recent study from the Netherlands estimates that
approximately 6.4% of cancer patients require ICU admis-
sion, with admission rates varying considerably by cancer
types [4].  

Concurrently, the average prognosis of oncological pati-
ents remains less than that of the general population, thereby
frequently resulting in controversy whether an ICU admis-
sion is an appropriate medical choice [3]. While several stud-
ies have described the characteristics of oncological patients
admitted to ICU, few have investigated trends in hematolog-
ical and oncological ICU admissions in the United Kingdom
[5] and the Netherlands [6,7]. 

In both settings, the absolute number of oncologic patients
admitted to ICU has increased. In the Netherlands, the odds
of admission increased by an annualized 6% between 2004
and 2012, while the proportion of oncological patients admit-
ted to British ICUs remained almost unchanged between
1997 and 2013. Of note, the Acute Physiology and Chronic
Health Evaluation (APACHE-II) score for hematological 
patients at admission were the same in the Dutch and British
cohorts (24 points). At the same time, both hospital (47% vs.
54%) and ICU mortality (34% vs. 41%) were approximately
7% points lower in the Dutch ICU cohort compared to the
UK cohort, possibly indicating differences in referral pattern,
aggressiveness of treatment or other patient characteristics.
In both cohorts, hospital and ICU mortality for hematological
patients decreased, while mortality rates of oncological pati-
ents did not change. Regardless, the average prognosis of 
oncological patients remains less than that of the general
population. For instance, hematological patients in the
Netherlands had twice as high ICU mortality rates than 
patients without malignancy (34% vs. 17%). 

While prior studies have described oncological patient
characteristics and outcomes in the United States [8], no pub-
lished longitudinal analysis for trends in ICU mortality for
the United States is available. In the following, we therefore
aim to describe trends in admission numbers and patient
characteristics for cancer patients admitted to the ICU. Fur-
thermore, we aim to establish if 28-day and 1-year mortality
changed over the 10-year period, after adjusting for covari-
ates.

Materials and Methods

Patient information was extracted from a de-identified ver-
sion of the MIMIC-III (v1.4) database using PostgreSQL (The
PostgreSQL Global Development Group, https://www.post-
gresql.org). MIMIC-III is an open-access ICU database jointly
administered by the Massachusetts Institute of Technology

(MIT) and the Beth Israel Deaconess Medical Center (BID-
MC) [9]. The database comprises over 58,000 hospital admis-
sions for 38,645 adults and 7,875 neonates, spanning from
June 2001 to October 2012. Year of admission is not available
in this limited, de-identified dataset due to privacy concerns.
Therefore, we obtained a supplementary dataset from the 
administrators. Previously established code from the MIMIC
Code Repository was used to generate comorbidity scores
and risk scores [10]. 

1. Cohort selection 

All adult patients aged 18 years or older with a diagnosis
of any cancer type as identified by International Classifica-
tion of Diseases, 9th revision (ICD-9) codes 140-199 (solid
malignancies) and 209.0-3 (neuroendocrine carcinomas) or
200-208 (hematological malignancy) were included in this
study. Patients with incomplete data on admission year,
length of stay or severity of illness were excluded during
data analysis. Since no complete annual data for 2001 and
2012 was available, all patients admitted in this period were
excluded from the base population. If patients were admitted
multiple times to the ICU, only their first admission was used
for this analysis. 

2. Covariates

Patient data on the following variables were extracted
from the database: age at admission, sex, race, Elixhauser 
Comorbidity Index scores (30 components based on ICD-9
codes [11]), duration of vasopressor use, duration of ventila-
tion, Sepsis Related Organ Failure Assessment (SOFA) scores
(arterial partial pressure of oxygen or PaO2, fraction of 
inspired oxygen, platelet count, Glasgow Coma Score or
GCS, serum bilirubin, level of hypotension, serum creatinine
[12]), APACHE-III scores (heart rate, mean blood pressure,
temperature, respiratory rate, PaO2, hematocrit, white blood
cell count, serum creatinine, urine output, acute renal failure,
serum blood urea nitrogen, serum sodium, serum albumin,
serum bilirubin, serum glucose, age, comorbidities, arterial
partial pressure of carbon dioxide or PaCO2, pH, GCS [13]),
renal replacement therapy, do not resuscitate order (DNR)
at admission, ICU mortality, non-hospital mortality (from
the Social Security death records). SOFA scores were inter-
preted as being low (0-5), medium (6-10), and high risk (! 11
points), respectively. Duration of ventilation and duration of
vasopressor use were converted from continuous to binary
variables. Race was categorized into a white and non-white
category. 

Cancer diagnoses were clustered anatomically according
to ICD-9 codes into oral malignancies (1400-1499), gastroin-
testinal (1500-1599), respiratory and thoracic (1600-1659),
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connective tissue malignancy and others (1700-1769 and
17300-17399), genitourinary (1800-1899), other solid malig-
nancies (1900-1992 and 20900-20936), lymphoma (20000-
20208 and 20270-20288), leukemia (20310-20892), and other
hematological malignancies (20210-20268, 20302-20382, and
20290-20302). Metastatic cancers were identified independent
of anatomic site based on ICD-9 codes (1960-1991 and 20970-
20975). 

Information on whether an admission was elective, urgent
or emergency was extracted from the admission documen-
tation. Patients with a primary diagnosis of sepsis were iden-
tified using the Angus methodology [14], which is based on
ICD-9 codes for either a bacterial or fungal infection in com-
bination with acute organ dysfunction.

3. Outcomes

The primary study outcomes were (1) trends in the num-
ber and relative frequency of oncological patients admitted
to the ICU, (2) all-cause mortality within 28 days and 1 year
after ICU admission, and (3) adjusted changes in mortality
between 2002-2011. Secondary outcomes were (1) changes in
clinical severity scores and (2) mortality rates by cancer type.

4. Statistical analysis

All analyses were performed using the open-access soft-
ware R (ver. 3.4.2, http://www.R-project.org/) and the fol-
lowing packages: tableone, ggplot2, dplyr, MIMICbook, epitools,
sjplot, and MASS. Multiple logistic regression was used to
adjust for covariate levels in the longitudinal trend analysis
for 28-day and 1-year mortality. Model building was based
on expert opinion including the most important confounders
and predictors of mortality (C.M.S. and L.A.C.). An alpha-
level of 0.05 was used as the cutoff value to reject the null hy-
potheses. Collinearity analyses were performed. We checked
the final model for interaction terms, however did not find
any interaction terms that were statistically significant after
Bonferroni adjustment.  

5. Reproducibility

Both the code for the SQL queries and data analysis will
be made freely publicly available after acceptance of this 
article for publication. Due to privacy concerns, the re-iden-
tified data on year of admission will not be made publicly
available.

Christopher Martin Sauer, Improved Survival of Cancer Patients in the ICU

Table 1.  Overview of patient characteristics and outcomes

Variable Without Hematologic Solid Hematologic and 
cancer malignancy malignancy solid cancer

No. of patients 35,989 ( 1,083 ( 4,330 ( 66 (
Age at admission (yr) 63.7±17.9 65.1±16.3 66.3±13.6 71.4±13.3
Type of admission

Elective 4,781 (13.3) 82 (7.6) 1,033 (23.9) 15 (22.7)
Urgent 702 (2.0) 24 (2.2) 70 (1.6) 2 (3.0)
Emergency 30,506 (84.8) 977 (90.2) 3,227 (74.5) 49 (74.2)

Sepsis 9,976 (27.7) 508 (46.9) 1,260 (29.1) 23 (34.8)
DNR at admission 1,803 (5.0) 67 (6.2) 313 (7.2) 8 (12.1)
White race 25,785 (71.6) 837 (77.3) 3,268 (75.5) 53 (80.3)
Length of stay ICU (day) 4.6±6.1 5.4±7.2 4.1±5.2 3.9±3.2
Length of stay hospital (day) 9.3±8.7 14.8±15.3 10.0±8.2 10.1±9.0
Use of ventilation 18,124 (50.4) 464 (42.8) 1,888 (43.6) 28 (42.4)
Use of vasopressors 12,310 (34.2) 365 (33.7) 1,109 (25.6) 15 (22.7)
Elixhauser score 8.7±11.1 17.4±11.7 19.1±12.9 25.2±12.4
SOFA score 3.3±2.5 4.6±3.0 3.3±2.6 3.8±2.9
APACHE-III score 42.0±19.4 50.3±22.2 44.4±20.2 48.7±21.3
28-Day mortality 4,598 (12.8) 300 (27.7) 1,185 (27.4) 18 (27.3)
1-Year mortality 8,284 (23.0) 570 (52.6) 2,514 (58.1) 38 (57.6)

Values are presented as mean±standard deviation or number (%). Patients with cancer had higher rates of DNR orders,
sepsis, comorbidity scores, similar clinical severity scores, received less invasive treatment and had higher 28-day and 
1-year mortality. Patients with solid malignancies were more likely to be elective admissions than patients without cancer.
DNR, do not resuscitate; ICU, intensive care unit; SOFA, Sepsis Related Organ Failure Assessment; APACHE-III, Acute
Physiology and Chronic Health Evaluation Score. 
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6. Ethical statement

A waiver of consent that has previously been obtained
from the Institutional Review Boards of BIDMC and MIT is
applicable to these datasets. 

Results

By restricting our analysis to the first ICU stay for each 
patient, a total unique patient cohort of 41,468 ICU admis-
sions was obtained. Of these, 4,330 had an oncologic malig-
nancy, 1,083 had a hematological malignancy and 66 patients
had a diagnosis of both a hematological and solid malig-
nancy (Table 1, Fig. 1). 

Baseline patient characteristics differed considerably 
between subgroups (Table 1). Hematological patients had
highest mean clinical severity scores (APACHE-III) and a
higher rate of DNR orders on admission, however were less
likely to be ventilated or to receive vasopressors. Further-
more, mean length of ICU and hospital stay for hematologi-
cal patients was longer than that of non-cancer patients.
Oncological patients had patient characteristics that were
more similar to those of non-cancer patient, having compa-
rable clinical severity scores and only slightly longer length
of ICU and hospital stays. Of note, oncological patients less
frequently received vasopressors or ventilation. Both 28-day
and 1-year mortality rates of cancer patients were more than
two-fold higher than those of non-cancer patients. 

Between 2002 and 2011, the overall number of patients 

admitted to the ICU increased from 3,110 to 5,076, while the
number of patients with cancer more than double from 324
to 738 (Fig. 1). 28-Day and 1-year mortality of cancer patients
decreased considerably, with 28-day mortality decreasing
from 33.3% in 2002 to 23.6% in 2011 (S1 Table). Over the 
10-year period, use of vasopressors and ventilators decreased
significantly, while clinical severity scores remained overall
unchanged, and comorbidity scores increased from 15 to 20. 

Over the study period, both crude 28-day and 1-year mor-
tality rates decreased for most cancer types (Fig. 2). While
overall mortality rates are similar for oncologic and hemato-
logic malignancies, there is considerable variation in mortal-
ity rates depending on cancer subtype. 28-Day mortality
rates are highest for oral cancers, while genitourinary and
connective tissue malignancies have the lowest mortality
rates. Among hematologic patients, lymphoma patients sus-
tained highest 28 days mortality rates. 1-Year mortality rates
overall follow this trend; however, differences between can-
cer subtypes are even more pronounced. 

Mortality rates are closely associated with clinical severity
scores (S2 Fig.). Nearly uniformly, cancer patients across all
SOFA score categories had higher probabilities of dying
within 28-days than non-cancer patients. This trend is even
more pronounced for the 1-year mortality, whereby cancer
patients have significantly higher odds of dying than non-
cancer patients. 

Multivariate logistic regression analysis adjusting for
changes in baseline patient characteristics over time con-
firmed the observed unadjusted trends in mortality. Even
after adjustment for covariates, the odds of dying within 28
days was approximately twice as high for cancer patients
than comparable non-cancer patients. These differences were

Cancer Res Treat. 2019;51(3):973-981

Fig. 1.  Changes in overall and cancer-type specific admission to the intensive care unit between 2002 and 2011. Both the
proportion and absolute number of cancer patients increased over time. While there are annual fluctuations, proportions by
cancer type remain overall similar. 
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more pronounced for 1-year mortality, whereby solid cancer 
patients had a 4.02 (95% confidence interval, 3.69 to 4.38)
times higher odds of dying than non-cancer patients. 
Between 2002 and 2011, survival for both cancer and non-
cancer patients improved considerably (Table 2). Both the
short-term and long-term odds of dying of hematologic 
patients decreased faster than that of oncologic and non-can-
cer patients. The decrease in the odds of dying over time
were similar for oncologic patients and non-cancer patients.
However, there was considerable variation by cancer type.
While all cancer types had a trend towards lower odds of
dying, case numbers were limited for most subgroups, thus
affecting precision of the estimate. 

Discussion

In this manuscript we report on trends in patient charac-
teristics and outcomes of oncological patients admitted to the
ICU in a U.S. teaching hospital. More than 58,000 ICU admis-
sions were analyzed and 41,468 patients were included in the
final analysis, among which were 1,083 hematological and
4,330 oncological patients. Cancer patients had comparable
clinical severity scores compared to non-cancer patients, yet
were more likely to die within 28 days (risk ratio [RR], 2.23)
and within 1 year (RR, 2.58). Mortality rates decreased sig-
nificantly over the study period for all patients, with hema-
tologic patients having a bigger decrease in mortality rates
than non-cancer patients. There is considerable variability in
survival rates between cancer types, with hematologic 

Christopher Martin Sauer, Improved Survival of Cancer Patients in the ICU

Fig. 2.  Changes in unadjusted 28-day mortality (A) and unadjusted 1-year mortality (B) over the 10-year period. There are
notable differences in mortality between the subgroups, with cancers of the oral cavity/lip/pharynx and other primary
origin having the highest mortality rates. Genitourinary (GU) and breast/connective tissue cancers had the lowest mortality
rates. Overall, most cancer types show a decrease in mortality rates over time. GI, gastrointestinal cancer; Oral cancer, cancer
of the oral cavity/lip/pharynx.
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malignancies showing strong decreases in adjusted mortality
rates. For solid cancers, overall improved survival is prima-
rily driven by a decrease in genitourinary cancers, while no
improvements for respiratory cancers could be observed. 

While no information on treatment regimens is available
in MIMIC-III, it is tempting to speculate that the observed
differences in 1-year survival are secondary to improved 
oncological outcomes from novel, less toxic and more effi-
cient treatment regimens. This claim is supported by the 
introduction of targeted small-molecule inhibitors, such as
imatinib, for hematologic malignancies during the early
2000s, which substantially improved survival [15]. In con-
trast, targeted therapies for other cancer types were only 
introduced more recently, which might therefore not be cap-
tured in this study. 

Overall, our findings confirm the previously reported 
decrease in mortality rates observed in the United Kingdom
[5] and the Netherlands [4] since the millennium change. 
Interestingly, we observed unchanged clinical severity scores
over time, while mortality rates decreased substantially 
between 2002 and 2011. While 28-day survival of oncological
patients (72.3%) was comparable with 30-day survival in the
Dutch cohort (73.1%), survival of hematological patients
(72.6%) differed considerably from the Netherlands (55%). 

Crude 1-year mortality rates for patients with high SOFA
scores and gastrointestinal, genitourinary, connective tissue
cancer, leukemia, lymphoma, or other solid cancers were 
exceeding 90%. Furthermore, these exceeded the mortality
rates of non-cancer patients with high SOFA scores (74%).
Mortality rates differed considerably between the ICU types
and are possibly explained by different reasons for admis-
sion and long-term prognosis. The notable protective effect
observed for cardiac surgical patients could be explained by
selection bias, since primarily patients with a favorable 
oncologic diagnosis might undergoing surgery. In contrast,
medical ICU patients might more likely be admitted due to
reasons directly related with their underlying disease or
treatment complications. 

An interesting observation is that solid cancer patients
were less likely to receive vasopressors and ventilation than
non-cancer patients, even though their clinical severity scores
were very similar. We therefore speculate that intensivists
were more reluctant to initiate invasive treatment in the solid
cancer population. The “less is more” principle has recently
been championed in order to prevent overtreatment and sub-
sequent iatrogenic harm [16]. A less aggressive approach for
critically ill cancer patients may have contributed to impro-
ved outcomes. However, no survival difference was detec-
ted, likely due to the worse prognosis of cancer patients. As
the adjusted model shows, difference in survival rates of can-
cer patients compared to non-cancer patients are not expla-
ined by differences at baseline, including DNR orders. 

Clinicians are frequently faced with the difficult decision
whether patients with serious chronic conditions that limit
their life expectancy should be admitted to the ICU. This is
particularly challenging for oncological patients, where long-
term survival might more depend on their underlying malig-
nancy than their acute health problem. Our findings together
with previously published results [17-20] suggests that eld-
erly patients with high clinical severity scores, multiple 
comorbidities and certain cancer types do not sustain long-
term survival regardless of intensive treatment. Concur-
rently, the presence of any malignancy alone is an insuffici-
ent predictor of both 28-day and 1-year mortality and treat-
ment decisions should not be based on oncological prognosis
alone. 

Analysis of over 40,000 admitted patients, including more
than 5,000 (hemato-)oncological patients allowed for precise
and stratified analysis of patient characteristics, outcomes
and predictive factors. Data was retrieved from clinical data-
bases that were compiled at the time of treatment, thereby
minimizing bias that may occur due to the retrospective
study design. The high resolution of the clinical data is 
another advantage of this study. Furthermore, we had suffi-
cient statistical power to detect annual changes in mortality
of cancer patients.  

Major limitations of this study are a lack of important 
oncological predictive factors, including TNM classification,
tumor size, histopathological features and clinical aggres-
siveness. Preferably, additional information on oncological
treatment, including treatment type and time since last dose
of chemotherapy should be included in the analysis. This is
particularly important since the oncological status could bias
the results. Further, no data was available on critically ill 
patients who were not admitted to the ICU and abstained. In
addition, data on rare cancers (including oral cancer and res-
piratory cancers) was sparse, thus not allowing for a more
detailed subgroup analysis. Another disadvantage is that
data was obtained from a single-center teaching hospital and
generalizability of findings might therefore be limited. 
Future analyses should preferably include larger cohorts
from different hospitals across the United States and contain
more oncologic outcomes measures. 

Regardless of these shortcomings, the unchanged clinical
severity scores over time and results of the multivariate 
logistic regression suggest that survival of oncologic patients
has increased between 2002 and 2011 and is not due to con-
founding by other variables or selection bias. It is tempting
to speculate that the absolute and relative increase in cancer
patients admitted to the ICU could be interpreted as a con-
sequence of better oncological survival, rendering more pati-
ents at risk of ICU admission. The alternative, namely that
the observed increase in oncological patient admissions is
due to a more lenient ICU admission policy, is not supported
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by unchanged clinical severity scores, increased comorbidity
scores and another study showing a decrease in ICU utiliza-
tion among cancer patients between 2002-2013 [8]. Interest-
ingly, 28-day mortality for both cancer and non-cancer
patients decreased approximately equally on the multiplica-
tive scale. At the same time, the absolute improvement in
survival is larger for cancer patients, due to an approxima-
tely two-times higher mortality rate at baseline.

In this descriptive, explanatory study, we recorded a
steady and significant increase in the number and proportion
of cancer patients admitted to the ICU, unchanged clinical
severity scores, increased comorbidity score and a major 
decrease in mortality rates between 2002 and 2011. Future
studies with more detailed cancer-specific information and
larger cohorts should investigate whether these trends can
be confirmed in other hospitals. 
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Intensity-Modulated Radiation Therapy during 2003-2013
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Purpose

The incidence, risk factors and survival impact of secondary primary malignancies (SPMs)

among survivors of nasopharyngeal carcinoma (NPC) treated with definitive intensity-mod-

ulated radiation therapy (IMRT) with or without chemotherapy are poorly characterized.  

Materials and Methods

Consecutive patients (n=6,377) from the big-data intelligence platform at Sun Yat-sen Uni-

versity Cancer Center, China (in a high-incidence area) with newly diagnosed non-metastatic

pathologically proven non-keratinizing undifferentiated NPC treated with IMRT±chemother-

apy between January 2003 and June 2013 were retrospectively analyzed. Cumulative inci-

dence of SPMs was calculated using the Kaplan-Meier method. Cox proportional hazards

model was used to identify potential risk factors for SPMs and assess whether SPMs affect

overall survival. 

Results

Of the 6,377 patients, 189 (3.0%) suffered SPMs (median follow-up, 62 months). One-, 2-,

3-, 4-, and 5-cumulative risks of SPMs were 0.4%, 0.9%, 1.6%, 2.2%, and 2.6%, respectively.

Latency from start of IMRT to SPMs diagnosis was 37 months (range, 6 to 102 months). In

patients with SPMs, 14.3% suffered SPMs within 1 year post-IMRT: 1-3 years, 38.1%; 3-5

years, 33.9%; and > 5 years, 13.7%. Lung cancer was the most common SPM (50/6,377,

0.78%). Multivariate analysis demonstrated sex (male, 64% increase), age (! 50 years, 68%

increase), and smoking history (41% increase) were significant risk factors for SPMs, and

SPMs were associated with poorer overall survival. 

Conclusion

This large cohort study confirms SPMs a dreadful complication for long-term survivors of

NPC treated with IMRT. SPMs negatively impact overall survival in NPC. Close follow-up is

recommended for older male survivors with a smoking history. 

Key words
Nasopharyngeal, Carcinoma, Secondary, Malignancy, 

Intensity-modulated radiation therapy, Incidence, Risk factors
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Introduction

The epidemiological features of nasopharyngeal carcinoma

(NPC) are unique. Although the incidence is low in most 

regions of the world, NPC is commonly observed in southern

China, with a peak incidence of 50 per 100,000 [1]. Radiother-

apy is the principal treatment for non-disseminated NPC due

to its radiosensitivity and anatomical location [2,3]. Recent

advances in diagnostic imaging based on magnetic resonance

imaging (MRI) and the introduction of intensity-modulated

radiation therapy (IMRT) have improved survival outcomes

in NPC [4-6]. 

However, longer survival durations mean more patients

may suffer secondary primary malignancies (SPMs), which

are probably the most devastating late complication after

successful treatment for NPC. Although the incidence is rel-

atively low, SPMs represent true clinical entities in cancer

management and can be life-threatening. In the conventional

radiotherapy era, the incidence of SPMs among patients with

NPC varied from 2.0% to 5.6% after a median follow-up of

2.3 to 5.7 years [7-14]. A study conducted by Zhao et al. [15]

in 2016 reported the incidence of SPMs among patients

treated with IMRT was 2.3% after a median follow-up of 3.8

years. Although this result was concordant with the research

conducted in the conventional radiotherapy era, the number

of cases assessed by Zhao et al. [15] was too small for a reli-

able conclusion to be drawn, especially as incidence of SPMs

is relatively low. In addition, a previous study [16] concluded

that IMRT doubled the risk of radiation-induced SPMs com-

pared to conventional radiotherapy. 

Therefore, further large-scale research of the risk of SPMs

among patients with NPC treated using IMRT is warranted.

As a late complication, the issue of SPMs is most relevant to

long-term survivors. However, previous studies did not 

exclude patients who died shortly after treatment; this may

conceal the true incidence of SPMs as patients with short sur-

vival durations may not live long enough to be at risk of this

late complication.

To address these questions, we conducted a retrospective

study of a large cohort of 8,032 patients from an area where

NPC is endemic who were treated between 2003 and 2013.

We examined the incidence, risk factors and survival impact

of SPMs among survivors of NPC in long-term survivors

treated with IMRT with or without chemotherapy. This

study may assist patient counseling or guide clinicians in the

development of more individualized follow-up strategies for

patients with NPC.

Materials and Methods

1. Data source

The Intelligence Platform for Cancer Research was estab-

lished at Sun Yat-sen University Cancer Center, Guangzhou,

China in 2015; this big-data platform has been described in

detail in our pervious study [17]. Data on 8,032 patients with

newly diagnosed, pathologically proven, non-metastatic,

previously untreated NPC treated with IMRT±chemother-

apy at Sun Yat-sen University Cancer Center between Janu-

ary 2003 and June 2013 was extracted. 

The eligibility criteria were: (1) no previous malignancy

before NPC or other concomitant malignancy (211 patients

were excluded); (2) complete clinicopathologic and treatment

data available (209 patients were excluded); and (3) overall

survival time and follow-up duration greater than 36 months

(1,235 patients were excluded). In total, 6,377 of the 8,032 

patients meet these inclusion criteria. All patients were

restaged according to the 7th edition of the International

Union against Cancer/American Joint Committee on Cancer

(UICC/AJCC) system [18]. The baseline clinical and treat-

ment characteristics of the 6,377 patients are listed in Table 1. 

2. Clinical treatment

Each patient underwent definitive IMRT. All 6,377 patients

underwent a baseline workup before treatment including a

medical history, biochemistry and hematology profiles,

physical examinations, MRI scan of the neck and nasophar-

ynx, abdominal sonography, and chest radiography. Treat-

ment strategies followed standard protocols, selected on the

basis of clinical stage and the general health of the patient.

According to institutional guidelines during the study 

period, we recommended no chemotherapy for stage I, con-

current chemoradiotherapy (CCRT) for stage II and CCRT

with or without neoadjuvant chemotherapy/adjuvant che-

motherapy for stage III to IVA-B. IMRT was administered

using a linear accelerator at 6-8 MV at daily fractions of 2.0

Gy, 5 days per week, as previously described [19]. 

Neoadjuvant/adjuvant chemotherapy consisted of 2-3 

cycles of a platinum-based regimen of two or three drugs.

Concurrent chemotherapy consisted of cisplatin weekly or

on week 1, 4, and 7 of radiotherapy.

3. Follow-up

Patients were followed-up every 3-6 months during the

first 3 years and every 6-12 months thereafter until death or

June 31, 2017. Conventional examinations included clinical

symptoms, a physical examination, MRI of the neck and 
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nasopharynx, abdominal ultrasonography, or computed 

tomography (CT), chest radiography or CT, single photon

emission computed tomography bone scan, as well as posi-

tron emission tomography CT if indicated. Patients were fol-

lowed-up by telephone interview if their recent examination

or test data could not be extracted from the medical records.

Response to treatment was assessed 3 months after the end

of treatment for NPC in accordance with established guide-

lines for patients with solid tumors [20]. 

4. Statistical analysis

Statistical Package for the Social Sciences ver. 22.0 software

(IBM Corp., Armonk, NY) was used for all calculations. Fol-

low-up duration was calculated from the date of diagnosis

of NPC to date of last contact. Cumulative incidence of SPMs

in the corresponding observed years was calculated using

Kaplan-Meier method, and log-rank test was used to com-

pare differences in the cumulative incidence rates among the

subgroups. The person-time incidence rate of SPMs was 

defined as the number of counts divided by the total person-

years of observation [21]. A p-value of 0.05 or less (in a two-

sided test) was considered statistically significant. 

All factors with a p-value < 0.05 in univariate logistic 

regression analysis were included in a multivariate logistic

regression analysis to identify independent factors for SPMs.

Factors assessed were sex (male vs. female), age (! 50 years,

> 50 years), history of smoking (yes vs. no), history of alcohol

consumption (yes vs. no), T category (T1-2 vs. T3-4), N cate-

gory (N0-1 vs. N2-3), chemotherapy (yes vs. no), total dose

of radiation to primary site (< 70 Gy, " 70 Gy), and re-irradi-

ation (yes vs. no). 

Overall survival was calculated using the Kaplan-Meier

method and compared with log-rank test. Then Cox propor-

tional hazards model univariate and multivariate analysis

were used to assess significant prognostic factors associated

with overall survival after adjustment other confounders in

patients with NPC. Factors assessed in Cox proportional haz-

ards model univariate analysis were sex (male vs. female),

age (! 50 years, > 50 years), history of smoking (yes vs. no),

history of alcohol consumption (yes vs. no), T category 

(T1-2 vs. T3-4), N category (N0-1 vs. N2-3), chemotherapy

(yes vs. no), total dose of radiation to primary site (< 70 Gy,

" 70 Gy), re-irradiation (yes vs. no), and SPM (yes vs. no).

Variables achieving significance at a level of p < 0.05 in uni-

variate analysis were included in multivariate analysis for

selection of independent prognostic factors for overall sur-

vival.

5. Ethical statement

As this was a retrospective study of routine clinical infor-

mation, a waiver of the requirement for individual informed

consent was granted by the institutional ethics committee

(approve number: YB2018-48). The authenticity of this article

has been validated by uploading the key raw data onto the

Research Data Deposit (RDD) public platform (http://www.

researchdata.org.cn), with the approval RDD number as

RDDA2018000821.

Table 1. Baseline characteristics of the 6,377 long-term

survivors of nasopharyngeal carcinoma

a)According to the 7th edition of the AJCC/UICC staging

system.

Characteristic
No. of patients (%)

(n=6,377)

Age (yr)

! 50 3,377 (53.0)

> 50 3,000 (47.0)

Sex

Male 4,728 (74.1)

Female 1,649 (25.9)

T categorya)

T1 982 (15.4)

T2 1,204 (18.9)

T3 3,133 (49.1)

T4 1,057 (16.6)

N categorya)

N0 1,127 (17.7)

N1 2,865 (44.9)

N2 1,850 (29.0)

N3 535 (8.4)

Overall stagea)

I 347 (5.4)

II 1,055 (16.6)

III 3,433 (53.8)

IV 1,542 (24.2)

Smoking

Yes 2,044 (32.1)

No 4,333 (67.9)

Drinking

Yes 731 (11.5)

No 5,646 (88.5)

Chemotherapy

Yes 4,596 (72.1)

No 1,781 (27.9)

Irradiation dose to primary site (Gy)

" 70 3,243 (50.9)

< 70 3,134 (49.1)

Re-irradiation

Yes 155 (2.4)

No 6,222 (97.6)
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Results

1. Patient characteristics

Median and mean follow-up duration were 62 and 65.37
months, respectively (range, 36 to 154 months); median age
at diagnosis of NPC was 50 years old (range, 12 to 85 years)
and the male (n=4,728)-to-female (n=1,649) ratio was 2.9:1.
Most patients did not have a history of smoking (4,333/6,377,
67.9%) or alcohol consumption (5,646/6,377, 88.5%). The 
majority of patients (4,596/6,377, 72.1%) received IMRT with
chemotherapy and 1,781/6,377 (27.9%) received IMRT alone.
Among those patients who received platinum-based
chemotherapy, 50.9% patients (2,339/4,596) received neoad-
juvant chemotherapy, 81.4% patients (3,741/4,596) received
concurrent chemotherapy, 5.3% patients (244/4,596) recei-
ved adjuvant chemotherapy. A total of 2.4% patients (155/
6,377) received re-irradiation due to local or regional recu-
rrence. The characteristics of the patients with NPC are pre-
sented in Table 1.

2. Incidence of SPMs 

Diagnostic criteria for SPMs were established using a pre-
vious report [22]: (1) pathologically proven distinct malig-
nancies distant to the primary tumor or hepatocellular
carcinoma diagnosed by imaging and elevated serum alpha-
fetoprotein; (2) elimination of the possibility of recurrence or
metastasis from the primary tumor; and (3) interval between
the end of treatment for NPC and the diagnosis of SPM
greater than 6 months. Of the 6,377 patients, 189 (3.0%) 
developed SPMs after a median follow-up duration of 62
months. Person-time incidence rate of SPMs was 0.55%/yr.
The 1-, 2-, 3-, 4-, and 5-cumulative risks of SPMs were 0.4%,
0.9%, 1.6%, 2.2%, and 2.6%, respectively. The cumulative 
incidence of SPMs is summarized in Fig. 1. Incidence of
SPMs in different time periods were detailed in Table 2.

The median age of patients with SPMs at diagnosis of
SPMs was 54 years old (range, 27 to 83 years) and the
male/female ratio was 5.3:1. The median latency from the

Fig. 1.  Cumulative incidence of secondary primary ma-
lignancies for 6,377 survivors of nasopharyngeal carci-
noma.
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Table 2. Incidence of SPMs in different time periods
among survivors of nasopharyngeal carcinoma

SPM, second primary malignancy; IMRT, intensity-mod-
ulated radiotherapy treatment. 

Time No. of patients suffered
SPMs (%) (n=189)

Time post IMRT ! 1 yr 27 (14.3)
1 yr < time post IMRT ! 3 yr 72 (38.1)
3 yr < time post IMRT ! 5 yr 64 (33.9)
Time post IMRT > 5 yr 26 (13.7)

Table 3. Incidence of SPMs at different anatomic sites in
survivors of nasopharyngeal carcinoma 

SPM, second primary malignancy.

Cancer type No. of patients (%)
All 189 (3.00)
Nasal 7 (0.11)
Oral cavity 34 (0.53)
Oropharynx 7 (0.11)
Hypopharynx 2 (0.03)
Larynx 2 (0.03)
External auditory canal 3 (0.05)
Lung 50 (0.79)
Sarcoma 9 (0.14)
Leukemia 1 (0.02)
Multiple myeloma 1 (0.02)
Lymphoma 2 (0.03)
Thyroid 12 (0.19)
Bladder 2 (0.03)
Cervix 2 (0.03)
Breast 4 (0.06)
Skin 5 (0.08)
Nerve 1 (0.02)
Kidney 3 (0.05)
Adrenal gland 3 (0.05)
Esophagus 3 (0.05)
Stomach 7 (0.11)
Colorectal 12 (0.19)
Liver 15 (0.24)
Pancreas 1 (0.02)
Bile duct 1 (0.02)
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Table 4.  Univariate and multivariate analysis of risk factors for SPMs in patients with nasopharyngeal carcinoma 

No. of No. of patients
p-valuea) HR (95% CI)

patients (%) suffered SPMs (%)

Univariate analysis

Sex

Male 4,728 (74.1) 159 (84.1) 0.002 1.878 (1.266-2.786)

Female 1,649 (25.9) 30 (15.9) Reference

Age (yr)

! 50 3,377 (53.0) 75 (39.7) Reference

> 50 3,000 (47.0) 114 (60.3) < 0.001 1.739 (1.294-2.337)

T category

T1-2 2,187 (34.3) 53 (28.0) Reference

T3-4 4,190 (65.7) 136 (72.0) 0.067 1.351 (0.979-1.863)

N category

N0-1 3,992 (62.6) 105 (55.6) Reference

N2-3 2,385 (37.4) 84 (44.4) 0.043 1.351 (1.010-1.809)

History of smoking

No 4,333 (67.9) 107 (56.6) Reference

Yes 2,044 (32.1) 82 (43.4) 0.001 1.651 (1.232-2.212)

Drinking status

No 5,646 (88.5) 164 (86.8) Reference

Yes 731 (11.5) 25 (13.2) 0.440 1.184 (0.771-1.816)

Chemotherapy 

No 1,781 (27.9) 41 (21.7) Reference

Yes 4,596 (72.1) 148 (78.3) 0.054 1.412 (0.995-2.004)

Re-irradiation

No 6,222 (97.6) 182 (96.3) Reference

Yes 155 (2.4) 7 (3.7) 0.253 1.570 (0.725-3.398)

Radiation dose (Gy)

" 70 3,243 (50.9) 94 (49.7) Reference

< 70 3,134 (49.1) 95 (50.3) 0.755 1.047 (0.784-1.399)

Multivariate analysis

Sex

Male 4,728 (74.1) 159 (84.1) 0.018 1.639 (1.090-2.465)

Female 1,649 (25.9) 30 (15.9) Reference

Age (yr)

! 50 3,377 (53.0) 75 (39.7) Reference

> 50 3,000 (47.0) 114 (60.3) 0.001 1.679 (1.247-2.260)

N category

N0-1 3,992 (62.6) 105 (55.6) Reference

N2-3 2,385 (37.4) 84 (44.4) 0.051 1.338 (0.999-1.792)

History of smoking

No 4,333 (67.9) 107 (56.6) Reference

Yes 2,044 (32.1) 82 (43.4) 0.027 1.408 (1.039-1.908)

SPM, second primary malignancy; HR, hazard ratio; CI, confidence interval. a)All factors that had a p-value of < 0.05 in uni-

variate logistic regression analysis were included in multivariate logistic regression analysis to determine independent factors

for SPMs. A p-value of 0.05 or less (in a two-sided test) was considered statistically significant. 
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first day of IMRT to diagnosis of SPMs was 37 months

(range, 6 to 102 months). Lung cancer was the most common

SPM (50/6,377, 0.78%), followed by oral cancer (34/6,377,

0.53%), hepatocellular carcinoma (15/6,377, 0.24%), colorec-

tal cancer (12/6,377, 0.19%), and thyroid cancer (12/6,377,

0.19%). The incidence of SPMs at other anatomic locations

was relatively low (< 0.15) (Table 3). 

3. Risk factors for SPMs 

We explored the risk factors for development of SPMs

among long-term survivors of NPC using logistic regression

analysis. Factors included in univariate logistic regression

analysis were as follows: sex (male vs. female), age (! 50

years, > 50 years), history of smoking (yes vs. no), history of

alcohol consumption (yes vs. no), T category (T1-2 vs. T3-4),

N category (N0-1 vs. N2-3), chemotherapy (yes vs. no), total

dose of radiation to primary site (< 70 Gy, " 70 Gy), and 

re-irradiation (yes vs. no). The results of univariate analysis

demonstrated sex (p=0.002; hazard ratio [HR], 1.878; 95%

confidence interval [CI], 1.266 to 2.786), age (p < 0.001; HR,

1.739; 95% CI, 1.294 to 2.337), N category (p=0.043; HR, 1.351;

95% CI, 1.010 to 1.809), and a history of smoking (p=0.001;

HR, 1.651; 95% CI, 1.232 to 2.212) were significantly associ-

ated with the development of SPMs. T category (p=0.067;

HR, 1.351; 95% CI, 0.979 to 1.863), history of alcohol con-

sumption (p=0.440; HR, 1.184; 95% CI, 0.771 to 1.816), chemo-

therapy (p=0.054; HR, 1.412; 95% CI, 0.995 to 2.004), re-irra-

diation (p=0.253; HR, 1.570; 95% CI, 0.725 to 3.398), and total

dose of radiation to the primary site (p=0.755; HR, 1.047; 95%

CI, 0.784 to 1.399) were not significantly associated with

SPMs 

All factors with a p-value of < 0.05 in univariate logistic 

regression analysis were included in a multivariate logistic

regression analysis. The results demonstrated that sex (p=

0.018; HR, 1.639; 95% CI, 1.090 to 2.465), age (p=0.001; HR,

1.679; 95% CI, 1.247 to 2.260), and a history of smoking

(p=0.027; HR, 1.408; 95% CI, 1.039 to 1.908) were independent

risk factors for the development of SPMs (Table 4). Males had

a 64% higher risk of developing SPMs than females; patients

aged over 50 years had a 68% higher risk of developing SPMs

than patients ! 50 years old. A history of smoking was asso-

Fig. 2.  Cumulative incidence of secondary primary malig-

nancies for 6,377 survivors of nasopharyngeal carcinoma

stratified by sex (A), age (B), and history of smoking (C).
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Fig. 3.  Kaplan-Meier overall survival curves for 6,377 sur-

vivors of nasopharyngeal carcinoma stratified by the 

development of secondary primary malignancies (SPMs).
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Table 5.  Univariate and multivariate analysis of significant prognostic factors associated with overall survival in patients

with nasopharyngeal carcinoma 

No. of No. of patients
p-valuea) HR (95% CI)

patients (%) suffered SPMs (%)

Univariate analysis

Sex

Male 4,728 (74.1) 159 (84.1) 0.042 1.285 (1.009-1.638)

Female 1,649 (25.9) 30 (15.9) Reference

Age (yr)

! 50 3,377 (53.0) 75 (39.7) Reference

> 50 3,000 (47.0) 114 (60.3) 0.001 1.414 (1.159-1.725)

T category

T1-2 2,187 (34.3) 53 (28.0) Reference

T3-4 4,190 (65.7) 136 (72.0) < 0.001 3.246 (2.461-4.281)

N category

N0-1 3,992 (62.6) 105 (55.6) Reference

N2-3 2,385 (37.4) 84 (44.4) 0.001 1.397 (1.143-1.706)

History of smoking

No 4,333 (67.9) 107 (56.6) Reference

Yes 2,044 (32.1) 82 (43.4) 0.790 1.029 (0.833-1.271)

Drinking status

No 5,646 (88.5) 164 (86.8) Reference

Yes 731 (11.5) 25 (13.2) 0.754 0.950 (0.687-1.312)

Chemotherapy 

No 1,781 (27.9) 41 (21.7) Reference

Yes 4,596 (72.1) 148 (78.3) < 0.001 2.156 (1.641-2.834)

Re-irradiation

No 6,222 (97.6) 182 (96.3) Reference

Yes 155 (2.4) 7 (3.7) 0.005 2.008(1.235-3.266)

Radiation dose (Gy)

" 70 3,243 (50.9) 94 (49.7) 0.820 1.023(0.838-1.250)

< 70 3,134 (49.1) 95 (50.3) Reference

Secondary primary malignancies

No 6,188 (97.0) - Reference

Yes 189 (3.0) - < 0.001 4.022 (2.889-5.600)

Multivariate analysis

Sex

Male 4,728 (74.1) 159 (84.1) 0.147 1.197 (0.939-1.527)

Female 1,649 (25.9) 30 (15.9) Reference

Age (yr)

! 50 3,377 (53.0) 75 (39.7) Reference

> 50 3,000 (47.0) 114 (60.3) 0.003 1.361 (1.114-1.663)

T category

T1-2 4,333 (67.9) 107 (56.6) Reference

T3-4 2,044 (32.1) 82 (43.4) < 0.001 2.904 (2.197-3.839)

N category

N0-1 3,992 (62.6) 105 (55.6) Reference

N2-3 2,385 (37.4) 84 (44.4) 0.024 1.260(1.030-1.541)

Chemotherapy 

No 1,781 (27.9) 41 (21.7) Reference

Yes 4,596 (72.1) 148 (78.3) < 0.001 1.716 (1.301-2.263)

(Continued to the next page)
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ciated with a 41% increase in the risk of developing SPMs
compared to patients who never smoked. The cumulative 
incidence of SPMs according to sex, age, and history of smok-
ing is presented in Fig. 2.

4. Survival analysis 

Overall survival was calculated from the date of diagnosis
of NPC to the date of either last contact or death. Median
overall survival from first diagnosis of NPC was 56 months
(range, 36 to 113 months) for patients with SPMs and 62
months (range, 36 to 154 months) for patients without SPMs.
The 5-year overall survival rates for patients with and with-
out SPMs were 70.0% and 95.0%, respectively. Kaplan-Meier
analysis confirmed the development of a SPM was associated
with poorer overall survival in long-term survivors of NPC
(p < 0.001) (Fig. 3). 

Seven factors including sex (p=0.042; HR, 1.285; 95% CI,
1.009 to 1.638), age (p=0.001; HR, 1.414; 95% CI, 1.159 to
1.725), T category (p < 0.001; HR, 3.246; 95% CI, 2.461 to
4.281), N category (p=0.001; HR, 1.397; 95% CI, 1.143 to
1.706), chemotherapy (p < 0.001; HR, 2.156; 95% CI, 1.641 to
2.834), re-irradiation (p=0.005; HR, 2.008; 95% CI, 1.235 to
3.266), and SPMs (p < 0.001; HR, 4.022; 95% CI, 2.889 to 5.600)
were significantly associated with overall survival among
long-term survivors in univariate analysis (Table 5). A his-
tory of smoking (p=0.790; HR, 1.029; 95% CI, 0.833 to 1.271)
and alcohol consumption (p=0.754; HR, 0.950; 95% CI, 0.687
to 1.312) had no influence on overall survival. 

Multivariate analysis of overall survival (Table 5) con-
firmed that age (p=0.003; HR, 1.361; 95% CI, 1.114 to 1.663),
T category (p < 0.001; HR, 2.904; 95% CI, 2.197 to 3.839), N
category (p=0.024; HR, 1.260; 95% CI, 1.030 to 1.541),
chemotherapy (p < 0.001; HR, 1.716; 95% CI, 1.301 to 2.263),
re-irradiation (p=0.008; HR, 1.934; 95% CI, 1.188 to 3.149), and

SPMs (p < 0.001; HR, 3.560; 95% CI, 2.552 to 4.967) were sig-
nificantly associated with overall survival. 

Discussion

Recent advances in treatment modalities have improved
the prognosis of patients with NPC. Thus, more attention is
now focused on late complications. Though IMRT minimizes
exposure of the surrounding normal tissues to high-dose 
radiation compared with conventional radiotherapy, an 
increased volume of the surrounding normal tissues receives
low-dose exposure during IMRT [23]. This has led to con-
cerns that SPMs may become a dreaded late complication
among long-term survivors of NPC treated with IMRT±
chemotherapy. Several large-scale analysis regarding SPMs
developing among long-term survivors of NPC after two-
dimensional conventional radiotherapy (2D-CRT) and/or
three-dimensional conventional radiotherapy was published.
However, limited data on SPMs in available from the mod-
ern IMRT era [16]. To our knowledge, this is the largest ana-
lysis of the risk of SPMs after IMRT in long-term survivors
from an area where NPC is endemic to date. 

The pathogenesis of SPMs among NPC survivors remains
obscure, the occurred of SPMs may attributed to the expo-
sure of radiotherapy or chemotherapy which administrated
for NPC, the effect of shared genetic predisposition, or
shared environment risk such as smoking. Therefore, the
purpose of this study was to investigate the incidence of
SPMs following NPC, rather than the incidence of treatment-
induced SPMs. In the current study, the incidence of SPMs
was 3.0% after a median follow-up of 62 months. In 2016,
Zhao et al. [15] reported the incidence of SPMs in a cohort of

Table 5.  Continued

No. of No. of patients
p-valuea) HR (95% CI)

patients (%) suffered SPMs (%)

Re-irradiation
No 6,222 (97.6) 182 (96.3) Reference
Yes 155 (2.4) 7 (3.7) 0.008 1.934 (1.188-3.149)

Secondary primary malignancies
No 6,188 (97.0) - Reference
Yes 189 (3.0) - < 0.001 3.560 (2.552-4.967)

SPM, second primary malignancy; HR, hazard ratio; CI, confidence interval. a)All factors that had a p-value of < 0.05 in Cox
proportional hazards model univariate analysis were included in Cox proportional hazards model multivariate analysis to
determine independent factors for overall survival. A p-value of 0.05 or less (in a two-sided test) was considered statistically
significant.
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527 patients with primary NPC treated with IMRT between
2007 and 2011 was 2.3% after a median follow-up of 3.8 years.
Compared to the work by Zhao et al. [15], this study assessed
a larger cohort of patients with a longer follow-up duration.
In addition, we only included patients who had survived for
more than 3 years post-IMRT; as with all late complications,
SPMs have a more significant impact on long-term survivors
than patients who die shortly after treatment. Therefore, we
consider our conclusions are reliable. In the 2D-CRT era, the
incidence of SPMs in patients with NPC ranged from 2.0%-
5.6% after follow-up durations of 2.3-5.7 years [7-14]. Our
study suggests the incidence of SPMs in the modern IMRT
is similar to that of the conventional radiotherapy era. The
median latency from the first day of IMRT to diagnosis of
SPMs in this study was 3.1 years, in agreement with Zhao et
al. [15], who reported a median latency of 2.7 years. In cor-
roboration of findings of 2D-CRT studies and the previous
IMRT study [15,20], in our cohort of patients, we found lung
cancer was the most common SPM. 

Our multivariate analysis demonstrated old age (> 50-
years-old) was associated with a 68% (HR, 1.679; 95% CI,
1.247 to 2.260) increase in the risk of developing SPMs com-
pared to younger patients (! 50-years-old), consistent with
Kong et al. [12], who reported a lower HR for the same asso-
ciation. These observations reflect the relationship between
the incidence of most primary cancers and age. In addition,
a history of smoking was identified as a significant risk factor
for SPMs in survivors of NPC (HR, 1.408; 95% CI, 1.039 to
1.908), as previously demonstrated in patients treated with
2D-CRT and IMRT [10,15]. Smoking is strongly associated
with the development of numerous cancers, including head
and neck cancer, lung cancer and esophageal cancer. More-
over, males had a 64% increase in the risk of SPMs compared
to females, in agreement with previous 2D-CRT!based stud-
ies [24]. Interestingly, smoking is significantly more preva-
lent among males than females in China; this may be one
reason for the significantly higher incidence of SPMs in males
than females. This assessment of the risk factors for develop-
ing SPMs among survivors of NPC treated with IMRT high-
lights the importance of close follow-up for older male
patients with a history of smoking, as this subgroup have the
highest risk of developing SPMs.

Another critical issue is whether SPMs have an adverse 
impact on overall survival in NPC. Our survival curves sug-
gest survivors who develop SPMs have poorer overall sur-
vival than survivors without SPMs, consistent with Chen et
al. [14]. However, this is the first study to identify SPMs as
an adverse independent prognostic factor for overall survival
in NPC. Both our data and the study by Chen et al. [14] indi-
cate development of a SPM has an adverse survival impact
in NPC; therefore, clinicians need to gain more insight into
SPMs as a late complication.

While this was big-data analysis, the limitations of this
study need to be addressed. Firstly and most importantly,
due to the lack of detail data about cancer incidence among
general Chinese population, we cannot quantify standard-
ized incidence ratios of SPMs among NPC survivors. How-
ever, our large-scale real word data confirm the actual high
SPMs risk experienced by NPC survivors in the era of IMRT.
Secondly, inherent biases are unavoidable in retrospective
studies; however, our large number of 6,377 patients is defi-
nitely a strength for big-data analysis which may minimize
the biases as much as possible. Thirdly, the follow-up dura-
tion was relatively short. Thus, a prospective study with a
longer follow-up duration is warranted to validate the results
of this study. 

This large-scale retrospective study demonstrates that
SPMs as a dreadful complication for long-term survivors of
NPC treated with IMRT±chemotherapy, and SPMs nega-
tively impact overall survival in NPC. Physicians should rec-
ognize older male patients with a history of smoking have a
high risk of developing SPMs. Anatomic locations and risk
factors for SPMs in survivors of NPC may help clinicians to
design individualized follow-up plans, with specific atten-
tion on survivors at high-risk of developing SPMs.
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Prevalence of PALB2 Germline Mutations in Early-onset and Familial
Breast/Ovarian Cancer Patients from Pakistan 
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Purpose

Partner and localizer of BRCA2 (PALB2) is a breast cancer susceptibility gene that plays an

important role in DNA repair. This is the first study assessing the prevalence of PALB2

mutations in early-onset and familial breast/ovarian cancer patients from Pakistan.  

Materials and Methods

PALB2 mutation screening was performed in 370 Pakistani patients with early-onset and

familial breast/ovarian cancer, who were negative for BRCA1, BRCA2, TP53, CHEK2, and

RAD51C mutations, using denaturing high-performance liquid chromatography analysis.

Mutations were confirmed by DNA sequencing. Novel PALB2 alterations were analyzed for

their potential effect on protein function or splicing using various in silico prediction tools.

Three-hundred and seventy-two healthy controls were screened for the presence of the

identified (potentially) functional mutations.

Results

A novel nonsense mutation, p.Y743*, was identified in one familial breast cancer patient

(1/127, 0.8%). Besides, four in silico-predicted potentially functional mutations including

three missense mutations and one 5' untranslated region mutation were identified:

p.D498Y, novel p.G644R, novel p.E744K, and novel c.-134_-133delTCinsGGGT. The 

mutations p.Y743* and p.D498Y were identified in two familial patients diagnosed with

unilateral or synchronous bilateral breast cancer at the ages of 29 and 39, respectively.

The other mutations were identified in an early-onset (! 30 years of age) breast cancer 

patient each. All five mutations were absent in 372 healthy controls suggesting that they

are disease associated. 

Conclusion

Our findings show that PALB2 mutations account for a small proportion of early-onset and

hereditary breast/ovarian cancer cases in Pakistan. 

Key words

Familial breast cancer, PALB2, Germ-line mutation, Pakistan
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Introduction

Breast cancer has a substantial impact on the overall tumor
burden in Pakistan comprising 40% of all female malignan-
cies. In Pakistan, monoallelic germline mutations in the high-
and moderate-penetrance breast cancer susceptibility genes
BRCA1, BRCA2, TP53, CHEK2, and RAD51C account for 
approximately 25% of early-onset and familial breast cancer
suggesting that other susceptibility gene(s) may be involved.

Recently identified PALB2 gene, a partner and localizer of
BRCA2, acts as a link between BRCA2 and BRCA1 and 
enables DNA repair [1]. Biallelic mutations in PALB2 (FAN-
CN) cause Fanconi anemia, with clinical features similar to
those caused by biallelic mutations in BRCA2 (FANCD1) [2].
Monoallelic mutations in PALB2 confer susceptibility to
breast cancer suggesting that PALB2 is another candidate to
be a breast cancer susceptibility gene [3]. Deleterious PALB2
mutations are estimated to confer a 35% lifetime risk of breast
cancer for the carriers [4]. 
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PALB2 mutation screening in BRCA1/2-negative early-
onset or familial breast cancer patients performed previously
in different populations have yielded variable results. In a
British study, monoallelic mutations in PALB2 were identi-
fied in 1.1% of familial breast cancer patients (10/923) and
were absent in controls (0/1,084) [3]. In a study conducted
in Finland, a recurrent PALB2 mutation, c.1592delT, was
identified in 2.7% of familial breast cancer patients (3/113)
and in 0.2% of controls (6/2,501) [5]. Mutations were identi-
fied in families from Europe, North America, and Australia
at frequencies ranging from 0.3% to 5.5% [6-9], while muta-
tions were absent in families from Canada [10], United States
[11], and Chile [12]. 

In Asia, little is known about the contribution of PALB2
mutations to early-onset and familial breast/ovarian cancer.
Deleterious PALB2mutations were reported in families from
China, Korea, and Malaysia/Singapore with frequencies
varying from 0.8% to 1.6% [13-15] and were absent in Japan-
ese families [16]. Given the limited data on genetic variability
of PALB2 in South Asia and the fact that only 25% of hered-
itary breast/ovarian cancer in Pakistan is attributed to
germline mutations in BRCA1/2, TP53, CHEK2, and RAD51C
[17-20], we assessed and report the prevalence of PALB2
mutations in 370 early-onset and familial breast/ovarian can-
cer patients from this population, who had tested negative
for mutations in these five breast cancer susceptibility genes.
Functional and potentially functional mutations were
screened in 372 healthy controls.

Materials and Methods

1. Study population

The study included 370 early-onset and familial breast/
ovarian cancer patients who were diagnosed with invasive
breast cancer or epithelial ovarian cancer. The patients were
evaluated and accrued to the study at the Shaukat Khanum
Memorial Cancer Hospital and Research Center (SKMCH&
RC) in Lahore, Pakistan, from June 2001 to January 2012. 
Patients were classified into six groups based on the age at
the time of disease onset or family history of breast/ovarian
cancer: A1, families with one female breast cancer diagnosed
! 30 years of age; A2, families with two first- or second-
degree (through a male) female relatives diagnosed with
breast cancer, at least one diagnosed ! 50 years of age; A3,
families with at least three cases of breast cancer, at least one
diagnosed ! 50 years of age; A4, families with one male
breast cancer case diagnosed at any age; B, families with at
least one female breast cancer and one ovarian cancer at any
age, and C1, families with at least one ovarian cancer diag-
nosed ! 45 years of age. All index patients were previously
tested and shown to be negative for deleterious mutations in
the BRCA1/2, CHEK2, and RAD51C genes [17,19,20]. Of these
index patients, 290 cases were also tested negative for dis-
ease-causative mutations in the TP53 gene [18]. Patients with
bilateral breast cancer or breast and ovarian cancer were con-
sidered as two independent primary cancers. A description
of the study participants is shown in Table 1. 

Immunohistochemical analyses of estrogen receptor (ER),

Table 1. Frequency of PALB2 mutations according to family structure and TNBC subtype

Values are presented as number (%). TNBC, triple negative breast cancer. a)All families were negative for BRCA1/2, CHEK2,
and RAD51C germline mutations; 290 families were negative for TP53 germline mutations.

Risk group Phenotype of families Familiesa) PALB2 mutation 
- All families 370 ( 1 (0.3)
- Female breast cancer families 307 ( 1 (0.3)

A1 1 case ! 30 years 180 ( 0 (
A2+A3 " 2 cases, " 1 diagnosed ! 50 years 127 ( 1 (0.8)
A4 Male breast cancer families
- " 1 case of male breast cancer 18 ( 0 (
B Breast-ovarian cancer families
- " 1 breast cancer and " 1 ovarian cancer 23 ( 0 (
- Ovarian cancer families

C1 " 1 case(s), " 1 diagnosed ! 45 years 22 ( 0 (
Subtype -
TNBC - 101 ( 1 (1.0)
Non-TNBC - 217 ( 0 (
Unknown - 24 ( 0 (
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progesterone receptor (PR), and human epidermal growth
factor receptor 2 (HER2) expression were performed on the
breast tumor of the index patients as described previously
[21]. 

The control group comprised of 372 healthy Pakistani
women. Their recruitment details have been previously 
reported [22]. 

2. Molecular analyses

Genomic DNA extraction was performed as described pre-
viously [22]. The complete coding sequence and exon-intron
junctions of the PALB2 gene (GenBank accession number
NM_024675.3) were screened in the 370 index patients by 
denaturing high-performance liquid chromatography (DHP-
LC) analysis using WAVE 4500 DNA Fragment Analysis Sys-
tem (Transgenomics, Omaha, NE). Custom designed poly-
merase chain reaction (PCR)-primer pairs were used (Trans-
genomic Personalized Customer Support). DHPLC is a tem-
perature modulated heteroduplex analysis which relies upon
the physical changes in DNA molecules induced by mis-
match heteroduplex formation [23]. Heteroduplexes were
formed by denaturing the PCR product. The amplified prod-
uct was loaded on a unique DNA separation matrix (Trans-
genomics) with homoduplexes and heteroduplexes eluting
to it differentially under denaturing conditions. The elution
profiles of heterduplexes were easily distinguished from
those of homoduplexes. This technique has also been repor-
ted previously to detect PALB2 mutations [11,13,24,25].
When available, a mutation positive control for each exon
was included in each analysis. Primer sequences, the setup
of PCR reactions, cycling conditions, and DHPLC running
conditions are available upon request. 

Samples revealing variant DHPLC profiles were bi-direc-
tionally sequenced using an automated 3500 Genetic Ana-
lyzer (Applied Biosystems, Foster City, CA). The presence of
identified pathogenic and in silico-predicted potentially dele-
terious PALB2 mutations was assessed in 372 controls. 

3. In silico analyses

All identified novel PALB2 missense variants were analy-
zed for their potential effect on protein function by using five
different computational algorithms, Align-GVGD, SIFT, 
MutationTaster, Polyphen-2, and SNAP2 in the default set-
tings. In brief, Align-GVGD is based on the biophysical fea-
tures of amino acids and multiple sequence alignments of
protein (http://agvgd.iarc.fr/agvgdinput.php). SIFT predicts
the evolutionary conservation of amino acids within protein
families (http://sift.jcvi.org). MutationTaster prediction is
based on regulatory features such as histone modification
sites or transcription factor binding sites, evolutionary con-

servation of amino acid or nucleotide, and splice site predic-
tions (http://www.mutationtaster.org/). PolyPhen-2 pre-
dicts the influence of an amino acid substitution on the struc-
ture and function of human protein (http://genetics.bwh.
harvard.edu/pph2/). SNAP2 is based on multiple sequence
alignment and predict changes on the secondary structure
and compare the solvent accessibility for mutant and wild
type proteins (http://www.rostlab.org/services/snap/sub-
mit) [26]. 

Novel intronic variants were also analyzed for their poten-
tial effect on splicing using the splice prediction algorithms,
SpliceSiteFinder-like (http://www.umd.be/searchSpliceSite.
html), MaxEntScan (http://genes.mit.edu/burgelab/max-
ent/), NNSPLICE (http://www.fruitfly.org/seq_tools/splice.
html), GeneSplicer (http://ccb.jhu.edu/software/genespli-
cer/), and HumanSplice Finder (http://www.umd.be /HSF/)
by means of the Alamut software interface (Interactive Bio-
software) in default settings. All these algorithms compare
the splice site signal of wild type sequence with that of the
mutated sequence. Moreover, one novel variant identified in
5! untranslated region (5! UTR) of PALB2 was analyzed to
predict its potential effect on transcription factor binding
sites using PROMO (v3.0.2) on-line program (http://alggen.
lsi.upc.es/cgibin/promo_v3/promo/promoinit.cgi?dirDB=
TF_8.3).

4. Ethical statement

Informed written consent was obtained from all study par-
ticipants prior to providing a blood sample. The study was
approved by the Institutional Review Board (IRB) of the
SKMCH&RC (IRB approval number ONC-BRCA-001/2). 

Results

The present study included 370 early-onset and familial
breast/ovarian cancer patients from Pakistan, who were neg-
ative for BRCA1/2, TP53, CHEK2, and RAD51C mutations. Of
these, 180 were diagnosed with early-onset breast cancer 
(! 30 years of age), 127 belonged to families with two or more
breast cancers, 23 to families with both breast and ovarian
cancer, 22 to families with at least one ovarian cancer (diag-
nosed ! 45 years of age), and 18 to families with male breast
cancer (Table 1). The median age of the disease onset was 30
years (range, 19 to 73 years) for female breast cancer (n=324),
47.5 years (range, 30 to 73 years) for male breast cancer
(n=18), and 33 years (range, 22 to 60 years) for ovarian cancer
(n=35). One-hundred and one index patients presented with
triple-negative breast cancer (TNBC) and 217 with non-
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TNBC. The median age of the disease onset was 28 years

(range, 19 to 67 years) for patients with TNBC and 30 years

(range, 19 to 73 years) for those with non-TNBC.

Overall, 31 different heterozygous PALB2 variants were

detected. Of these, 13 were novel: one nonsense mutation,

four missense variants, one silent variant, six intronic vari-

ants, and one 5! UTR variant (Table 2). The remaining 18

variants have been previously reported in other populations:

eight missense variants, four silent variants, five intronic

variants, and one 5! UTR variant.  

The novel nonsense mutation at nucleotide position 2229

in exon 5, c.2229T>A (p.Y743*), was detected in a 29-year-old

breast cancer patient of Punjabi ethnicity. The patient pre-

sented with a grade 3, invasive ductal carcinoma (IDC) of

TNBC phenotype. A sister of the index patient was diag-

nosed with breast cancer at the age of 41 years.

The remaining 12 novel variants were analyzed for their

potential functional effect by in silico analysis. Two missense

variants p.G644R and p.E744K and the previously reported

missense variant p.D498Y [14,16,27] were predicted to be 

potentially deleterious by three out of five in silico analysis

tools (Table 3). The 5! UTR variant c.-134_-133-del-TCins-

GGGT was predicted to create a splice donor site by three

out of five splice-site prediction tools implying that it was

disease associated (Table 4). This variant was also predicted

to create the binding sites for two transcription factors, 

GR-alpha (T00337) and RXR-alpha (T01345), using PROMO

(v3.0.2) on-line program.

The potentially disease-causative missense mutations

p.G644R and p.E744K were identified in two women of Pun-

Coding variant

In silico prediction tool

Consensusa)

PolyPhen-2 SIFT Align GVGD MutationTaster SNAP2

c.1492G>T (p.D498Y)b) Possibly damaging Deleterious C0 Polymorphism Effect Deleterious (3/5)

c.1930G>A (p.G644R) Benign Deleterious C15 Polymorphism Effect Deleterious (3/5)

c.2230G>A (p.E744K) Possibly damaging Deleterious C0 Polymorphism Effect Deleterious (3/5)

c.2329G>A (p.D777N) Benign Tolerated C0 Polymorphism Neutral Benign

c.3239A>G (p.K1080R) Probably damaging Tolerated C0 Polymorphism Neutral Benign

Table 3. In silico analyses of PALB2 coding variants identified in early-onset and familial breast/ovarian cancer patients

from Pakistan

PolyPhen-2, Polymorphism Phenotyping ver. 2; SIFT, Sorting Intolerant From Tolerant; Align GVGD, Alignment of

Grantham Variable and Grantham Deviation; SNAP2, Screening for Non-Acceptable Polymorphisms 2. a)The variant is con-

sidered as deleterious by three of the five protein function algorithms, b)Previously reported missense variant [14,16,27]. 

Splice-site predictions

Noncoding variant

SpliceSiteFinder-like MaxEntScan NNSPLICE GeneSplicer
HumanSplice Consensusa),b)

Site Finder

c.-134_ NE D (0 to 6.2) NE D (0 to 4.1) D (0 to 82.1) Deleterious (3/5)

-133delTCinsGGGT

c.211+46C>A NE A (8.6 to 6.8) A (1.0 to 0.7) NE NE Benign

c.212-21_ NE NE NE NE NE Benign

-15dupATACATT 

c.212-21A>G NE NE NE NE NE Benign

c.2749-115T>A NE A (4.7 to 2.7) NE NE NE Benign

c.3201+5_+8delGTAA NE D (11.0 to 5.5) NE D (4.43 to 1.1) NE Benign

c.3201+30T>C NE NE NE NE NE Benign

Table 4. In silico analyses of PALB2 noncoding variants identified in early-onset and familial breast/ovarian cancer patients

from Pakistan

D, donor; NE, no effect; A, acceptor. a)The variant is considered as deleterious by three of the five splice-site prediction algo-

rithms, b)> 20% change in score (i.e., a wild-type splice-site score decreases, and/or a cryptic splice-site score increases) is

considered as significant.
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jabi or Pathan ethnic group, who were diagnosed with early-
onset breast cancer at the ages of 30 years, respectively. Their
tumors were grade 3 IDCs, which were, ER-positive, PR-pos-
itive, and HER2-negative. The other missense mutation,
p.D498Y, was identified in a patient of Pathan origin, who
was diagnosed with synchronous bilateral breast cancer at
39 years of age. Left-sided breast tumor was grade 2 IDC and
ER-positive, PR-negative, and HER2-negative. Right-sided
breast tumor was grade 3 IDC and ER-negative, PR-negative,
and HER2-positive. The index patient reported a family his-
tory of breast cancer and other cancers. The mother and one
sister of the index patient were diagnosed with breast cancer
at the ages of 53 and 44 years, respectively. Her father was
diagnosed with lung cancer at age 69. One sister and paternal
uncle of the index patient were diagnosed to have brain can-
cer at the ages of 34 and 48 years, respectively. 

The 5! UTR variant, c.-134_-133delTCinsGGGT, was iden-
tified in an early-onset breast cancer patient of Pathan ethnic
group, who was diagnosed with disease at 26 years of age.
Her tumor was a grade 2 IDC of TNBC phenotype. This 
patient had also been diagnosed with adenocarcinoma of the
rectum at 25 years of age. 

The nonsense mutation and the four in silico-predicted 
potentially functional mutations were not identified in 372
controls implying that they were disease-causative (Table 2).
The remaining 17 variants (seven missense variants, four
silent variants, five intronic variants, and one 5’ UTR variant)
were reported previously and classified as polymorphisms
(Table 2). 

Discussion

In this large study conducted in Pakistan, we assessed for
the first time the prevalence of PALB2 germline mutations in
370 early-onset and familial breast/ovarian cancer patients
negative for BRCA1/2, TP53, CHEK2, and RAD51C muta-
tions. One novel deleterious and four in silico-predicted 
potentially functional PALB2 mutations (including three
novels) were identified. Our study provides additional data
on the contribution of PALB2 mutations to hereditary breast/
ovarian cancer in an Asian population from Pakistan. 

The novel pathogenic PALB2 mutation (p.Y743*) was iden-
tified in 0.8% of families with two or more breast cancers
(1/127). Similar mutation frequencies were reported in other
Asian breast and/or ovarian cancer families from Saudi Ara-
bia (5/725, 0.7%) [28], China (3/360, 0.8%) [13], and Korea
(2/235, 0.8%) [14]. Higher frequencies were reported in stud-
ies conducted in India (9/752, 1.2%) [29], Malaysia/Singa-
pore (2/122, 1.6%) [15], China (2/108, 1.8%) [30], and Korea

(3/120, 2.5%) [31]. This could be due to the Next-Generation
Sequencing approach employed in most of these studies.
Furthermore, our results are likely to underestimate the
PALB2 mutation frequencies as the recently reported large
genomic rearrangements were not screened [29,32]. Muta-
tions were not identified in few studies from Japan [16], Chile
[12], and United States [11]. In European and North Ameri-
can studies including more than 100 families from Czech 
Republic, France, Ireland, Germany, Poland, Italy, Finland,
Canada, United States, and Australia the mutation frequen-
cies ranged from 0.3% to 5.5% [5-9,33-38]. Altogether these
findings suggest that PALB2 mutations account for a small
proportion of hereditary breast/ovarian cancer in most pop-
ulations including the Pakistani population.

Four in silico-predicted potentially functional PALB2

mutations (p.G644R, p.E744K, p.D498Y, and c.-134_-133del-
TCinsGGGT) were also identified in this study. The novel
missense mutations p.G644R and p.E744K, each identified in
an early-onset breast cancer patient, were located in the
highly conserved MRG15-binding domain of PALB2 span-
ning amino acid residues 611 to 764. They may ablate PALB2
interacting with MRG15, which may result in impaired DNA
repair [39] leading to genomic instability and cancer. The
p.G644R variant was predicted to be deleterious by SIFT,
Align-GVGD and SNAP-2 algorithms, while it was predicted
as benign by PolyPhen-2 and MutationTaster. The differen-
tial prediction may be due to the underlying algorithm’s dif-
ferences as SIFT uses evolutionary sequence conservation
whereas PolyPhen-2 utilizes protein structure information
[40]. Since none of these algorithms is 100% predictive, a con-
sensus prediction is reported to improve the prediction per-
formance [41]. Overall, this variant was considered as
deleterious by three of the five protein function algorithms.
The missense mutation p.D498Y was identified in a familial
breast cancer patient. Due to lack of DNA samples, co-seg-
regation of the mutation with breast cancer could not be
studied. Previously, this was also reported as an in silico-pre-
dicted potentially disease-causative mutation in families
from Korea, Japan, and Australia [14,16,27]. The 5!UTR vari-
ant, c.-134_-133delTCinsGGGT, was detected in a patient
with personal history of breast and rectal cancer. It was pre-
dicted to result in activation of a cryptic splice site. This vari-
ant was also predicted to affect two transcription factor
binding sites and may alter the promoter activity of PALB2.
None of these mutations were detected in 372 controls fur-
ther suggesting that they are disease-causative; however,
functional analyses of the potentially disease-causative 
mutations will be required for final mutation classification. 

No deleterious PALB2 mutations were identified in early-
onset breast cancer patients, families with breast and ovarian
cancer, ovarian cancer, or male breast cancer. These findings
are in keeping with those previously reported in families
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from Turkey [42], Finland [43], Japan [16], the Netherlands
[44], Spain [32], Italy [45], and Australia [46]. In contrast,
PALB2 mutations have also been reported in families from
Poland [37], Italy [47], Czech Republic [8], and China [13].
These findings suggest that PALB2 mutations may not sub-
stantially confer susceptibility to early-onset breast cancer
patients and patients from breast and ovarian cancer, male
breast cancer or ovarian cancer families. 

In our study, the breast tumors associated with the PALB2

truncating (p.Y743*) and in silico-predicted potentially func-
tional (p.D498Y, p.G644R, and p.E744K) mutations presented
with high-grade tumors of IDC histology, which is consistent
with previous studies conducted among Asian [13-15], 
European [24,25,48], and North-American patients [49]. In
the Pakistani study, the breast tumor linked with the trun-
cating mutation displayed the TNBC phenotype, in agree-
ment with other studies from Europe, North-America and
Australia [50-52]. Breast tumors associated with missense
mutations were ER-positive, PR-positive, and HER2-nega-
tive. Similar hormone receptor expression patterns were also
reported in breast tumors of Asian [14], European [48], and
North-American patients [53], who harbored PALB2 truncat-
ing mutations. The differential expression of hormone recep-
tors could be due to mutation-specific tumor phenotypes in
the studied population. 

In summary, we have identified one novel pathogenic and

four potentially pathogenic PALB2 mutations, three being
novel in 370 Pakistani early-onset and familial breast/ovar-
ian cancer patients, negative for mutations in BRCA1/2, TP53,
CHEK2, and RAD51C. The frequency of PALB2 mutations in
patients with familial breast cancer was 0.8% (1/127), while
no mutations were identified in early-onset breast cancer 
patients and patients from breast and ovarian cancer, male
breast cancer or ovarian cancer families. Our findings sug-
gest a marginal contribution of PALB2 mutations to breast
cancer susceptibility in Pakistan.
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Dummy Run of Quality Assurance Program before Prospective Study of 
Hippocampus-Sparing Whole-Brain Radiotherapy and Simultaneous Integrated
Boost for Multiple Brain Metastases from Non-small Cell Lung Cancer: 
Korean Radiation Oncology Group (KROG) 17-06 Study

Original Article

Purpose
Lung Cancer Subcommittee of Korean Radiation Oncology Group (KROG) has recently
launched a prospective clinical trial (KROG 17-06) of hippocampus-sparing whole brain 
radiotherapy (HS-WBRT) with simultaneous integrated boost (SIB) in treating multiple brain
metastases from non-small cell lung cancer. In order to improve trial quality, dummy run
studies among the participating institutions were designed. This work reported the results
of two-step dummy run procedures of the KROG 17-06 study.

Materials and Methods
Two steps tested hippocampus contouring variability and radiation therapy planning com-
pliance. In the first step, the variation of the hippocampus delineation was investigated for
two representative cases using the Dice similarity coefficients. In the second step, the par-
ticipating institutions were requested to generate a HS-WBRT with SIB treatment plan for
another representative case. The compliance of the treatment plans to the planning protocol
was evaluated. 

Results
In the first step, the median Dice similarity coefficients of the hippocampus contours for
two other dummy run cases changed from 0.669 (range, 0.073 to 0.712) to 0.690 (range,
0.522 to 0.750) and from 0.291 (range, 0.219 to 0.522) to 0.412 (range, 0.264 to 0.598)
after providing the hippocampus contouring feedback. In the second step, with providing
additional plan priority and extended dose constraints to the target volumes and normal
structures, we observed the improved compliance of the treatment plans to the planning
protocol.     

Conclusion
The dummy run studies demonstrated the notable inter-institutional variability in delineating
the hippocampus and treatment plan generation, which could be decreased through feed-
back from the trial center. 

Key words
Hippocampus-sparing whole brain radiotherapy, Dummy run, 
Multi-institutional study, QA program, Non-small cell lung cancer
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Introduction

Whole-brain radiation therapy (WBRT) has long been one
of the standard treatment options in treating the patients
with brain metastasis from various malignancies [1,2]. Stereo-
tactic radiosurgery (SRS) is an aggressive local treatment 
option and has been recommended, either alone or in con-
junction with WBRT, to the selected patients. The indications
for SRS usually include the limited number of metastatic 
lesions (! 3 to 4 lesions), relatively small metastatic tumor
size (! 4 cm), well-controlled extracranial disease, and good
performance status. Compared with SRS alone, WBRT in 
addition to SRS, though not associated with survival impro-
vement, has the advantage of less frequent new metastatic
lesions in the brain in addition to improved local control 
[3-6]. Neurocognitive dysfunction attributable relation to
WBRT, meanwhile, has remained one of the major concerns.
To ameliorate WBRT-related neurocognitive dysfunction,
hippocampus-sparing WBRT (HS-WBRT), which can achieve
conformal dose reduction to the hippocampus, has been sug-
gested as a solution [7,8] and demonstrated improved mem-
ory preservation thorough the Radiation Therapy Oncology
Group (RTOG) 0933 prospective trial [9]. 

Simultaneous integrated boost (SIB) during HS-WBRT,
which can deliver higher dose to the grossly metastatic lesi-
ons while keeping the hippocampus from high radiation
dose, has recently been tried. A few planning studies tested
the technical feasibility of volumetric-modulated arc therapy
(VMAT) in HS-WBRT with SIB [10,11]. Moreover, a few clin-
ical studies reported the efficacy and safety of this approach
in treating the patients with multiple brain metastases, and
reported no grade " 3 toxicities [12,13]. These studies, unlike
the RTOG 0933 trial, have the weakness of lacking routine
neurocognitive function evaluation, which can reflect the 
effect of HS-WBRT. Based on these backgrounds, the Korean
Radiation Oncology Group (KROG) has recently launched a
prospective phase II multi-institutional trial of HS-WBRT
with SIB in treating the patients with multiple brain metas-
tases from non-small cell lung cancer, which incorporates the
Seoul-Verbal Learning Test as the neurocognitive function
evaluation (KROG 17-06, NCT03366376).

As Gondi et al. [14] previously described, the pre-treat-
ment centralized review in the RTOG 0933 trial was able to
prevent the unacceptable protocol deviations significantly.
The necessity of the pre-treatment review process was agreed
on among the members of the KROG’s lung cancer research
section, and we conducted a series of dummy run studies 
before launching the main trial. Authors would report the 
results of the variations and variabilities in the target and
hippocampus delineation, radiation dose distribution, and
treatment technique.

Materials and Methods

1. Treatment planning protocol 

The treatment planning protocol is summarized in Table 1,
which was primarily based on the RTOG 0933 protocol [9]
and has been modified through a preliminary planning 
exercise by the participating institutions. The planning gross
tumor volume (P-GTV) was defined by 2 mm expansion of
the gross tumor volume (GTV), each of which has a dimen-
sion greater than 3 mm. The planning clinical target volume
(P-CTV) was defined as the whole brain parenchyma down
to the bottom of C1 spine body excluding the hippocampus
region, which was the 5 mm expansion of the actual hip-
pocampus 3-dimensionally. Using the current protocol, a
preliminary planning exercise was performed by the partic-
ipating institutions to assess the variability in the treatment
planning and protocol compliance. Following this prelimi-
nary exercise, we recognized fairly large inter-institutional
diversity in the planning techniques, even though all were
to be based on the proposed protocol. To improve the com-
pliance to the protocol, we designed two-step dummy run
procedures and analyzed (1) hippocampus contouring vari-
ability and (2) radiation therapy planning compliance and
variability with contour delineation among the participating
institutions. 

2. Step 1: variation of hippocampus contouring

Computed tomography (CT) and magnetic resonance
(MR) images taken on two anonymized patients (patients A
and B), who actually had received HS-WBRT without SIB,
were provided to all participants. The CT images were 
obtained using 120 kVp, 400 mA, 1.25 mm slice thickness.
The axial T1-weighted multi-planar reconstructed MR 
images with a 1.0 mm slice thickness were acquired using 3T
magnetic flux. Both CT and MR images were obtained with
contrast enhancement. For each case, the participants were
asked to delineate the hippocampus, P-CTV and other sur-
rounding normal structures on the CT image and to generate
the treatment plans according to the protocol (Table 1). 
Fusion of the MR images to the CT images was mandatorily
requested in contouring the hippocampus. The CT-MR
image fusion was performed semi-empirically using non-
deformable image registration method. The treatment plan-
ning priority was proposed by the following order: (1) optic
chiasm, (2) left and right optic nerve, (3) hippocampus, (4)
left and right lens, and (5) P-CTV. The structure set and 
radiation dose of each plan were saved as Digital Imaging
and Communications in Medicine RT format and then 
imported into the MIM workstation (MIM Software Inc.,
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Cleveland, OH). When transporting the plan data between
different treatment planning systems (TPS) and MIM work-
station, we did not observe any significant image or contour
distortion which may impact to calculate the dose distribu-
tion. The inter-institutional variation of the hippocampus 
delineation was evaluated using the Dice similarity coeffi-
cients (DSC) [15,16] 3-dimensionally. The DSC ranges from
0 to 1, where 0 means that two contours are not similar at all
and 1 means that two contours are perfectly matched. The
DSC value between 0 and 1 indicates that two contours are
partially overlapped. The dose distribution to the hippocam-
pus contours was compared with the reference radiation
dose file. The grid size of dose calculation was 2!2!2 mm3.
The difference in the hippocampus delineation before and
after providing the hippocampus contouring feedback was
also analyzed.

3. Step 2: treatment plan compliance

CT and corresponding MR images of another anonymized
patient (patient C), who actually had received HS-WBRT
with SIB, was distributed to the participating institutions.
The participants were requested to delineate the GTV and
the normal structures including the hippocampus, and to
generate the treatment plans according to the planning pro-
tocol as summarized in Table 1. These plans were uploaded
in the same method as in step 1 and the inter-institutional
variation of the GTV and hippocampus delineations as well
as the radiation dose distributions to the target and normal
structures were evaluated. 

4. Ethical statement

This protocol was approved by KROG (KROG 17-06) and
the Institutional Review Board of Samsung Medical Center
(2017-08-070) and performed in accordance with the princi-
ples of the Declaration of Helsinki. The informed consent
was waived.

Results

1. Step 1: variation of hippocampus contouring

During the step 1, the contoured structure sets and radia-
tion dose files were submitted by ten and nine institutions
before and after the provision of feedback on hippocampus
contouring. Figs. 1 and 2 summarize the inter-institutional
variation of the hippocampus contouring among the partic-
ipants on patients A and B, respectively. The structure set
from the trial center was selected as the reference in calcu-
lating the DSC of the hippocampus contouring. The radiation
dose file from the same institution was also selected as the
reference in evaluating the radiation dose distribution. For
patient A, before providing the hippocampus contouring
feedback, the median volume and DSC of the hippocampus
were 4.21 cm3 (range, 2.23 to 8.41 cm3) and 0.669 (range, 0.073
to 0.712), respectively. After providing the feedback, these
values were 5.04 cm3 (range, 2.95 to 6.03 cm3) and 0.690
(range, 0.522 to 0.750), respectively. For patient B, before pro-
viding the hippocampus contouring feedback, the median

Eunah Chung, Dummy Run of QA Program for KROG 17-06 Study

Target/Normal structure
Constraint

Per protocol Acceptable
P-GTVa) V95% " 40 Gy V93% " 40 Gy
P-CTVb) V95% " 25 Gy V90% " 25 Gy
Hippocampus Maximum # 20 Gy Maximum # 22 Gy

Maximum to 0.1 cm3 Maximum to 0.1 cm3

# 16 Gy # 18 Gy
Mean # 12 Gy Mean # 14 Gy

Optic chiasm Maximum # 30 Gy N/A
Optic nerve, both Maximum # 30 Gy N/A
P-Lensc), both Maximum # 5 Gy Maximum # 6 Gy
Eyeball, both Maximum # 10 Gy Maximum # 12 Gy

Table 1. The treatment planning protocol of KROG 17-06 study

a)P-GTV: planning gross tumor volume=gross target volume (GTV)+2 mm margin, b)P-CTV: planning clinical target vol-
ume=whole brain–hippocampal avoiding region (hippocampus+5 mm margin), c)P-Lens: planning volume for lens=lens+5
mm margin.
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volume and DSC of hippocampus were 5.10 cm3 (range, 2.43

to 10.19 cm3) and 0.291 (range, 0.219 to 0.522), respectively.

After providing the feedback, these values were 5.00 cm3

(range, 2.52 to 9.72 cm3) and 0.412 (range, 0.264 to 0.598), 

respectively. After providing the hippocampus contouring

feedback, the median DSC were greater in both cases, which

meant that the conformity of hippocampus delineation

among the participants was improved. For patient A, the

inter-institutional variation of hippocampus dose distribu-

tion was notably decreased after providing the contouring

Cancer Res Treat. 2019;51(3):1001-1010

Fig. 1.  Hippocampus delineation in a computed tomography image for patient A before (A) and after providing the hip-

pocampus contouring feedback (B). (C) Change of hippocampus volume-to-reference volume ratio delineated by each par-

ticipating institution. (D) Dice similarity coefficients before and after providing the feedback in the scatter plots with median

lines. (E, F) The inter-institutional variation of the dose distributions to the delineated hippocampus contours from reference

dose distribution before and after providing the feedback, respectively.
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feedback as shown in Fig. 1E and F. However, for patient B,

the dose distribution variation for modified hippocampus

contours among the participating institutions was not 

reduced significantly as shown in Fig. 2E and F. As summa-

rized in Fig. 2C, the scatter degree of volume to reference vol-

ume ratio of the hippocampus contours for patient B was

similar before and after providing the feedback, while it was

reduced greater for patient A as plotted in Fig. 1C. We spec-

ulate that the greater variation of hippocampus volume 

delineation for patient B might induce the smaller change in

Fig. 2.  Hippocampus delineation in a computed tomography image for patient B before (A) and after providing the hip-

pocampus contouring feedback (B). (C) Change of hippocampus volume-to-reference volume ratio delineated by each par-

ticipating institution. (D) Dice similarity coefficients before and after providing the feedback in the scatter plots with median

lines. (E, F) The inter-institutional variation of the dose distributions to the delineated hippocampus contours from an iden-

tical radiation dose distribution before and after providing the feedback, respectively.
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the inter-institutional variation of the hippocampus dose dis-
tribution before and after providing the contouring feedback.

2. Step 2: treatment plan compliance

A total of 12 institutions participated in the step 2. Table 2
summarizes the TPS and techniques; ten institutions used
Eclipse (Varian Medical Systems, Palo Alto, CA) as their TPS;
one did Pinnacle3 (Philips Health Care, Andover, MA); and
one did TomoTherapy (Accuray Inc., Sunnyvale, CA), res-
pectively. Various techniques, including VMAT and step-
and-shoot or dynamic intensity-modulated radiotherapy
(IMRT) with or without couch rotation (non-coplanar or
coplanar), were used. These TPS were used for generating
actual patient treatment plans in the participating institu-
tions. Therefore, the accuracy of TPS commissioning has
been already established before participating in this dummy
run study.

Similar to the step 1, one structure set from the trial center,
was chosen as the reference structure set and the plan from
the same institution was selected as the reference dose dis-
tribution. Fig. 3A-E shows the GTV and hippocampus delin-
eations on the step 2 (patient C), the contoured volume-to-
reference volume ratio, and the corresponding DSC for the
GTV, P-GTV and hippocampus, and the inter-institutional
variations of the radiation dose distribution to the P-GTV
and hippocampus when compared to the reference dose dis-
tribution. The median volume and DSC of the GTV were 8.49
cm3 (range, 6.02 to 12.1 cm3) and 0.653 (range, 0.567 to 0.752),

respectively. For the P-GTV, the median volume and DSC
were 22.2 cm3 (range, 12.8 to 32.2 cm3) and 0.708 (range, 0.533
to 0.801), respectively. For the hippocampus, the median vol-
ume and DSC were 4.46 cm3 (range, 2.56 to 8.68 cm3) and
0.692 (range, 0.538 to 0.777), respectively. Even though the
hippocampus volume had wider range, the range of the DSC
was similar to those of the GTV and P-GTV. When using the
reference dose distribution, it was shown that the dose dis-
tribution to the P-GTV defined by one institution (institution
K) was much lower than the others (Fig. 3E). This was 
because institution K did not follow the planning protocol
and delineated all 12 brain metastases including three metas-
tases smaller than 3 mm as the GTV.

Fig. 3F and Table 3 summarize the radiation dose distribu-
tion to the P-GTV, P-CTV and hippocampus and the number
of the treatment plans that satisfied the dose constraints to
the P-GTV, P-CTV, hippocampus and surrounding normal
structures for patient C. Each dummy run treatment plan
was generated using the contours delineated by each partic-
ipant. Seven out of 12 institutions satisfied the dose con-
straint to P-GTV when expanding the dose constraint to the
variation acceptable limit. One institution (institution I),
which did not meet the dose constraint to the P-GTV, gener-
ated the plan by optimizing the dose delivery to 30 Gy 
instead of 40 Gy for one of the 12 brain metastases. This was
because this contour partially overlapped with the hip-
pocampal avoiding region, which was 5 mm extended from
the hippocampus. Most of the dummy run treatment plans
(11 out of 12) satisfied the dose constraint to the P-CTV with
the acceptable variation limit. The variation of the dose dis-
tribution to the hippocampus was greater than those to 
P-GTV and P-CTV due to the relatively small size of the hip-
pocampus. For the hippocampus, nine out of 12 treatment
plans satisfied the suggested planning protocol with the 
acceptable variation limit. For the optic chiasm and right and
left optic nerves, most of the plans satisfied the dose con-
straints. For the planning volume for lens and eyeballs, 
except for one institution for each structure, all institutions
generated the treatment plans satisfying the dose constraints
in the acceptable variation limit. Compared to the prelimi-
nary planning experiment (data not shown), we found that
the compliance of the treatment plans to the planning proto-
col were improved by applying the plan priority and exten-
ded dose constraints to the treatment planning.

Discussion

Unacceptable deviations from the radiation therapy pro-
tocol have been demonstrated to have a negative impact on

Cancer Res Treat. 2019;51(3):1001-1010

Table 2. Summary of the treatment planning systems and
techniques for the dummy run study

VMAT, volumetric-modulated arc therapy; IMRT, inten-
sity-modulated radiotherapy.

No.
Treatment planning system

Eclipse 10
Pinnacle3 1
TomoTherapy 1

Technique
VMAT 6

Coplanar 3
Non-coplanar 3

IMRT, step and shoot 2
Coplanar 1
Non-coplanar 1

IMRT, dynamic 3
Coplanar 1
Non-coplanar 2

Helical tomotherapy 1

1006 CANCER  RESEARCH  AND  TREATMENT



Eunah Chung, Dummy Run of QA Program for KROG 17-06 Study

Fig. 3.  Gross tumor volume (GTV) (A) and hippocampus delineation (B) in a computed tomography image for patient C.
(C) Contoured volume-to-reference volume ratio delineated by each participating institution. (D) Dice similarity coefficients
of GTV, planning gross tumor volume (P-GTV) and hippocampus in the scatter plots with median lines. (E) Inter-institutional
variation of the dose distribution to the P-GTV and hippocampus contours from a reference radiation dose distribution pro-
vided from the trial center. (F) Dose-volume histograms for P-GTV, planning clinical target volume (P-CTV) and hippocam-
pus contours from the 12 dummy run treatment plans for patient C. Each treatment plan was generated based on the two
target volumes (P-GTV and P-CTV), hippocampus and other normal structures which were delineated by each participating
institution.
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the clinical outcomes [17-19]. Since HS-WBRT with SIB 
involves a complex technique of IMRT requiring steep dose
gradient around the gross metastatic lesions and hippocam-
pus, the protocol deviation could affect the doses to the target
volumes and hippocampus and clinical outcomes subse-
quently. The primary endpoint of the KROG 17-06 study is
the intracranial progression-free survival and the secondary
endpoints are the verbal neurocognitive function, overall
survival, toxicity, and quality of life. As these endpoints
could be influenced by protocol deviations, the comprehen-
sive pre-treatment dummy run as a quality assurance pro-
gram seems quite essential in conducting this kind of pros-
pective study. 

In these dummy run procedures, we found several varia-
tions in terms of delineating the target volumes, hippocam-
pus and the radiation therapy planning. First of all, the
delineation of the hippocampus was quite diverse, although
the participants were advised to refer to the contouring atlas
for hippocampal delineation on the RTOG website [20]. For
re-orientation of the participants, an example case of hip-
pocampus contouring on CT/MR fused images was pro-
vided from the trial center as a feedback, which helped
decreasing the degree of hippocampus delineation diversity.
In addition to sparing the hippocampus, our protocol would
involve SIB and IMRT technique to improve the local control
of the gross metastatic lesions. The eligibility criteria for the
KROG 17-06 study include the patients with (1) three or more
brain metastases, (2) with ! 3 mm in size, and (3) lesions 
located outside the 5-mm margin around the hippocampi on
both sides. Therefore, the great variation in GTV delineation
was induced by one institute’s delineating the small enhanc-
ing lesion smaller than 3 mm. Furthermore, the closest dis-
tance between the GTV and hippocampus was almost 5 mm
in patient C, which made it difficult to fulfill the planning
protocol. Authors, however, would expect that this rather

tough dummy run study could have enhanced the quality of
planning procedures by the participants.

In the pilot experiment, we found the considerable varia-
tions in the radiation dose to the target volume and hip-
pocampus and the real-time transport protocol at the partici-
pating institutions seemed more or less preliminary and
lacked detail. Through these pilot studies, we could develop
more detailed planning protocol and improve the compli-
ance to the treatment plan protocol, though tough and diffi-
cult cases were selected (Fig. 3). Application of the plan
priority and extended dose constraints were quite important
in these processes.

Our dummy run studies have a few potential limitations.
There were still variations in delineating the target volumes
and hippocampus and patient C might not have been an
ideal case for this type of dummy run practice. It might be
helpful to repeat a third dummy run procedure in order to
further reduce the variations. As shown in Table 2, the 
majority of the planning techniques were linear accelerator
(LINAC)-based IMRT including VMAT, while helical tomo-
therapy technique was used in only one institution. There-
fore, we could not compare LINAC-based IMRT and helical
tomotherapy as Gondi et al. [7] did. 

In conclusion, there were notable inter-institutional differ-
ences in planning HS-WBRT with SIB, including hippocam-
pus contouring and target volume delineation. Feedback and
re-orientation could reduce the variations, and detailed dose
specification with plan priority is quite essential before
launching multi-institutional study involving complex IMRT
planning.
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Target/Normal structure
No. of treatment plans satisfying the dose constraints
Per protocol Acceptable

P-GTV 3 7
P-CTV 6 11
Hippocampus, maximum 6 9
Hippocampus, maximum to 0.1 cm3 5 10
Hippocampus, mean 6 10
Optic chiasm, maximum 11 -
Optic nerve (right, left), maximum 12, 12 -
P-Lens (right, left), maximum 8, 8 12, 11
Eyeball (right, left), maximum 9, 9 11, 11

Table 3. Summary of the results of 12 dummy run treatment plans for patient C

P-GTV, planning gross tumor volume; P-CTV, planning clinical target volume; P-Lens, planning volume for lens.
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Axillary Lymph Node Dissection Does Not Improve Post-mastectomy
Overall or Disease-Free Survival among Breast Cancer Patients with 
1-3 Positive Nodes

Original Article

Purpose
Axillary lymph node dissection (ALND) may be avoidable for breast cancer patients with 
1-2 positive lymph nodes (LN) after breast-conserving therapy. However, the effects of ALND
after mastectomy remain unclear because radiation is not routinely used. Herein, we com-
pared the benefits of post-mastectomy ALND versus sentinel node biopsy (SNB) alone for
breast cancer patients with 1-3 metastatic LNs.  

Materials and Methods
A total of 1,697 patients with pN1 disease who underwent mastectomy during 2000-2015
were identified from an institutional database. Outcomes were compared using the inverse
probability of treatment weighted method. 

Results
Patients who underwent SNB tended to have smaller tumors, a lower histology grade, a
lower number of positive LNs, and better immunohistochemical findings. After correcting
all confounding factors regarding patient, tumor, and adjuvant treatment, the SNB and ALND
groups did not differ in terms of overall survival (OS) and disease-free survival (DFS), distant
metastasis and locoregional recurrence. The 10-year DFS and OS rates were 83% and 84%,
respectively, during a median follow-up period of 93 months.  

Conclusion
ALND did not improve post-mastectomy survival outcomes among patients with N1 breast
cancer, even after adjusting for all histopathologic and treatment-related factors.

Key words
Breast neoplasms, Mastectomy, Sentinel lymph node biopsy, 
Lymph node excision, Lymph nodes, Disease-free survival 
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Introduction

Breast cancer management strategies during the last
decade have tended toward less radical surgeries. Accord-
ingly, efforts to limit redundant axillary management have
continued. The American College of Surgeons Oncology
Group (ACOSOG) Z0011 trial randomized women with up
to two positive lymph nodes (LNs) detected after breast-con-

serving surgery (BCS) and sentinel node biopsy (SNB) to 
either the axillary lymph node dissection (ALND) or obser-
vation arm [1,2]. In that trial, the regional recurrence rates of
< 1% were equivalent between the arms. However, it remains
unclear whether this result is safely applicable to patients
after mastectomy. Particularly, radiation is not routinely 
administered after mastectomy, and therefore post-mastec-
tomy axillary management should different from that after
BCS. Currently, about 91% of women with clinically node-



negative but SNB-positive LNs underwent completion

ALND, while 9% underwent SNB alone, after mastectomy

[3]. Several relevant retrospective analyses have yielded con-

flicting results [3,4]; while no randomized controlled trials

has compared SNB alone vs. ALND, particularly in pN1

stage. 

The benefit of post-mastectomy radiotherapy (PMRT) in

these patients also remains controversial [5]. According to

the 2009 St. Gallen recommendations, PMRT is indicated for

patients with ! 4 involved axillary LN [6]; however, indica-

tions for its use in patients with 1-3 affected nodes were more

restricted and particularly applicable to young patients and

those with other poor prognostic features. Accordingly, it 

remains unclear how these results should be incorporated

into clinical practice, given the broad potential for selection

bias in breast cancer treatment. 

We therefore conducted this study to compare the benefits

of ALND vs. SNB alone for breast cancer patients who 

underwent mastectomy and had 1-3 metastatic LNs. We 

adjusted for confounding factors to verify our findings. We

additionally evaluated the contribution of PMRT to survival

outcomes. 

Materials and Methods

1. Patients

From 2000 to 2015, 1,768 women with breast cancer under-

went total mastectomy and were diagnosed with N1 disease.

The patient enrollment algorithm is shown in Fig. 1. 

All patients were clinically staged according to the seventh

edition of the American Joint Committee on Cancer staging

guidelines. Patients were assessed at presentation using the

clinical history and findings from the physical examination,

mammography, ultrasonography, breast magnetic resonance

imaging, and biopsies of the breast and suspicious LNs. 

2. Treatment

Until 2002, patients were treated with regimens compris-

ing cyclophosphamide, methotrexate, and fluorouracil or 

cyclophosphamide, doxorubicin, and fluorouracil; since

2003, a taxane-based regimen has been used. Hormone sup-

pression therapy was administered to patients with estrogen

receptor–positive or progesterone receptor–positive breast

cancer. An anti–human epidermal growth factor receptor 2

(HER-2) targeted agent was administered to patients with a

positive HER-2/neu receptor status. 

For pathologic T3 (pT3) tumors, radiotherapy (RT) was 

administered to the chest wall and regional lymphatics, 

including the ipsilateral axillary apex and supraclavicular

fossa compartment. Radiation was delivered using a 4-15 MV

X-ray and/or 6-16 MeV electron beam from a linear acceler-

ator (Varian Medical Systems, Palo Alto, CA). Total radiation

doses of 4,500-5,080 cGy in fractions of 180-250 cGy were typ-

ically administered, and boost doses of 540-2,540 cGy were

directed to the tumor bed or gross tumor. For T1/2 tumors,

the use of RT and irradiation field differed in terms of the

treating physician’s preferences regarding the patient and

pathologic characteristics. In this study patients, eight pati-

ents with T1/2 tumors received RT after SNB. Radiation field

was chest wall and regional lymphatics in four patients, chest

wall only in two patients, and unidentified in two patients. 

3. Statistics

The extent of axillary operation was determined primarily

according to the surgical record. However, the number of 

examined nodes was also considered. Patients were consid-

Cancer Res Treat. 2019;51(3):1011-1021

Mastectomy SNB or ALND
pN1 stage (n=1,768)

Analysis (n=1,697)

Exclusion
- Double primary cancer (n=45)
- F/U period ! 6 mo (n=18)
- Previous contralateral breast surgery due to 
  cancer or precancerous lesion (n=4)
- Micropapillary, mucinous, Paget's disease (n=3)
- M1 disease (n=1)

Fig. 1. Patient selection algorithm. SNB, sentinel node biopsy; ALND, axillary lymph node dissection; F/U, follow-up.
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Total ALND SNB

SDM

Variable

(n=1,697) (n=1,539) (n=158)

p-value Before After 

weighting weighting

Age (yr) 47.70 47.59 48.77 0.153 0.120 0.092

BMI (kg/m2) 23.42 23.44 23.18 0.395 0.075 0.105

Histology

IDC 1,628 (95.9) 1,477 (96.0) 151 (95.57) 0.808 0.020 0.067

ILC 69 (4.1) 62 (4.0) 7 (4.43)

No. of tumors

1 1,367 (80.6) 1,237 (80.4) 130 (82.3) 0.502 0.108 0.171

2 243 (14.3) 220 (14.3) 23 (14.6)

! 3 87 (5.1) 82 (5.3) 5 (3.2)

Locationa)

UOQ/LOQ 951 (56.5) 861 (56.5) 90 (57.0) 0.559 0.105 0.107

Central 394 (23.4) 356 (23.3) 38 (24.1)

UIQ/LIQ 322 (19.1) 295 (19.3) 27 (17.1)

Whole 16 (1.0) 13 (0.9) 3 (1.9)

Histologic gradeb)

G1 61 (3.8) 55 (3.8) 6 (3.9) 0.021 0.242 0.132

G2 928 (57.6) 823 (56.5) 105 (67.7)

G3 622 (38.6) 578 (39.7) 44 (28.4)

Tumor size (mm) 28.26 28.73 23.70 0.002 0.283 0.055

T category

T1/2 1,561 (92.0) 1,413 (91.8) 148 (93.7) 0.413 0.072 0.064

T3/4 136 (8.0) 126 (8.2) 10 (6.3)

Positive LN

1 887 (52.3) 758 (49.3) 129 (81.7) < 0.001 0.772 0.175

2 513 (30.2) 488 (31.7) 25 (15.8)

3 297 (17.5) 293 (19.0) 4 (2.5)

Hormone receptorsc)

Positive 1,201 (71.0) 1,079 (70.3) 122 (78.2) 0.038 0.182 0.039

Negative 490 (29.0) 456 (29.7) 34 (21.8)

c-Erb B2d)

Negative 995 (59.3) 900 (59.1) 95 (60.9) 0.002 0.369 0.116

Equivocal 162 (9.7) 159 (10.5) 3 (1.9)

Positive 521 (31.1) 463 (30.4) 58 (37.2)

Luminal typee)

Luminal 1,201 (71.2) 1,079 (70.5) 122 (78.2) 0.042

Non-luminal 486 (28.8) 452 (29.5) 34 (21.8)

p53f)

0/1+/2+ 1,249 (80.1) 1,131 (80.0) 118 (80.8) 0.810 0.021 0.001

3+ 311 (19.9) 283 (20.0) 28 (19.2)

Table 1. Patient characteristics

Values are presented as mean or number (%). ALND, axillary lymph node dissection; SNB, sentinel node biopsy; SDM, stan-

dardized difference of means; BMI, body-mass index; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma;

UOQ, upper outer quadrant; LOQ, lower outer quadrant; UIQ, upper inner quadrant; LIQ, lower inner quadrant; LN, lymph

node. a)A total of 14 cases had unknown location, b)A total of 86 cases had unknown histologic grade, c)A total of 6 cases had

unknown hormone receptor status, d)A total of 19 cases had unknown c-Erb B2, e)A total of 10 cases had unknown luminal

type, f)A total of 137 cases had unknown p53.
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ered to have undergone an SNB alone if ! 5 nodes were 

examined. Completed ALND was defined as the examina-

tion of " 10 nodes. This concept was also used in a previous

study by the American College of Surgeons [3]. 

Locoregional failure was defined as recurrent or progres-

sive disease of the ipsilateral chest wall or the regional nodal

station (ipsilateral axillary, supraclavicular, or internal mam-

mary LNs). Locoregional failure-free survival (LRFFS), dis-

tant metastasis-free survival (DMFS), disease-free survival

(DFS), and overall survival (OS) were calculated using the

Kaplan-Meier method. Univariate and multivariate analyses

were performed using the Cox proportional hazards model.

Inter-group comparisons of patient characteristics were per-

formed using the chi-square test. All analyses were 2-tailed,

and a p-value of < 0.05 was considered significant. All statis-

tical analyses were performed using the SPSS statistical pack-

age, ver. 22.0 (IBM Corp., Armonk, NY).

To adjust for potential selection bias regarding axillary 

operation, we used an inverse probability of treatment

weighted (IPTW) method [7]. The IPTW approach is a

propensity score (PS)–based method used to control for con-

founding factors. This method simulates a sample with bal-

anced characteristics between the two therapy groups, inde-

pendent of the treatment decision. The PS was derived using

a multivariable logistic regression model in which the axil-

lary operation (ALND/SNB alone) was set as the outcome

variable. The model included covariates such as the charac-

teristics of the patients and primary tumor, as specified in

Table 1. The t test was used to evaluate continuous variables,

and the chi-square test or Fisher exact test was used for cat-

egorical variables. 

4. Ethical statement

Our institutional review board approved the retrospective

use of clinical data for this study (2017-1234). As this was a

retrospective analysis of routine clinical data, a waiver of the

requirement for individual informed consent was granted by

the institutional ethics committee. 
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Table 2. The pattern of first failure sites

Values are presented as number (%). ALND, axillary lymph node dissection; SNB, sentinel node biopsy.

ALND SNB Total 
Local only 18 (7.3) 1 (8.3) 19 (7.4)

Local+regional 9 (3.7) - 9 (3.5)

Local+distant 5 (2.0) - 5 (2.0)

Regional only 20 (8.2) 3 (25) 23 (9.0)

Regional+distant 41 (16.8) 1 (8.3) 42 (16.4)

Distant only 135 (55.3) 7 (58.4) 142 (55.5)

Local+regional+distant 16 (6.6) - 16 (6.2)

Total 244 (100) 12 (100) 256 (100)

Fig. 2.  Kaplan-Meier survival curves of the total patients. LRRFS, lcoregional recurrence-free survival; DMFS, distant metas-

tasis-free survival; DFS, disease-free survival; OS, overall survival.
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LRRFS DMFS

Variable Univariate Multivariate Univariate Multivariate

HR p-value HR p-value HR p-value HR p-value

Age 0.972 0.007 0.975 0.014 0.994 0.406 - -
BMI 0.978 0.445 - - 1.050 0.012 1.046 0.020
No. of tumors

2 (vs. 1) 0.716 0.276 - - 0.639 0.057 - -
3 1.181 0.671 - - 0.707 0.337 - -

Location

Central (vs. UOQ/LOQ) 1.331 0.228 1.298 0.270 1.279 0.154 1.270 0.162
UIQ/LIQ 2.051 0.001 1.850 0.006 1.495 0.023 1.502 0.022
Whole-breast 1.567 0.656 0.673 0.702 5.450 < 0.001 2.621 0.031

Tumor size 1.017 < 0.001 1.015 0.002 1.019 < 0.001 1.017 < 0.001
Harvested LN 1.015 0.225 - - 1.007 0.428 - -
Metastatic LN

2 (vs. 1) 0.995 0.981 - - 1.153 0.392 1.040 0.817
3 1.673 0.025 - - 1.876 < 0.001 1.693 0.003

T category

T 3/4 (vs. T1/2) 1.498 0.185 - - 1.998 0.001 - -
N category

N1mi (vs. N1) 0.364 0.314 - - 0.417 0.219 - -
Histologic grade

2 (vs. 1) 2.949 0.285 3.704 0.195 2.070 0.215 - -
3 6.628 0.061 5.954 0.078 3.680 0.026 - -

Histology

ILC (vs. IDC) 0.209 0.119 - - 0.472 0.137 - -
Hormone receptor

Negative (vs. positive) 1.974 < 0.001 - - 1.588 0.001 1.562 0.002
c-Erb B2

Equivocal (vs. negative) 1.297 0.383 - - 1.644 0.017 - -
Positive 1.317 0.176 - - 1.404 0.028 - -

Luminal type

Non-luminal (vs. luminal) 1.988 < 0.001 - - 1.600 0.001 - -
p53

3+ 1.847 0.005 - - 1.392 0.063 - -
Chemotherapy

Taxane-based 0.863 0.759 - - 0.746 0.420 0.765 0.463
Others 1.337 0.530 - - 1.403 0.325 1.443 0.287

Radiotherapy

Yes 1.147 0.666 - - 1.912 0.001 - -
Hormone therapy

Yes 0.450 < 0.001 0.522 0.002 0.696 0.015 - -
Target agent

Yes 0.790 0.573 - - 0.980 0.944 - -

Table 3. Univariate and multivariate analyses of LRRFS and DMFS

LRRFS, locoregional recurrence-free survival; DMFS, distant metastasis-free survival; HR, hazard ratio; BMI, body mass
index; UOQ, upper outer quadrant; LOQ, lower outer quadrant; UIQ, upper inner quadrant; LIQ, lower inner quadrant; LN,
lymph node; ILC, invasive lobular carcinoma; IDC, invasive ductal carcinoma.
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Results

1. Patient and tumor characteristics

A total of 1,697 patients were included in the analysis. The
patient and tumor characteristics are shown in Table 1. The
median age was 47.7 years (range, 23 to 81 years). The majo-
rity of patients (95.9%) had ductal carcinoma and underwent
ALND (91%). 

2. Patterns of the first failure 

The patterns of the first failure are summarized in Table 2.
Most of the 256 patients who experienced recurrence had dis-
tant metastases (205/256). Isolated local and regional recur-
rences were detected in 19 and 23 patients, respectively. The
most frequent sites of distant metastasis were the bone and
lung. In 34 patients, the first recurrence involved metastases
at > 3 sites. Regional recurrences of the axillary, supraclavic-
ular, and internal mammary LNs were diagnosed in 41, 47,
and 36 patients, respectively. The sites of recurrence are spec-
ified in S1 Table.

3. Prognostic factors for survival

The median follow-up period was 93 months (range, 3 to
212 months). The 10-year LRRFS, DMFS, DFS, and OS rates
were 92%, 86%, 83%, and 84%, respectively (Fig. 2). The 
results of a prognostic factor analysis of LRRFS and DMFS
are shown in Table 3. In the multivariate analysis, age, loca-
tion, tumor size, and hormone therapy were identified as sig-
nificant factors for LRRFS, whereas the body mass index,
location, size, number of positive LNs, and hormone receptor
status were significant factors for DMFS. The analyses of DFS
and OS are summarized in Table 4. The tumor location, size,
number of metastatic LNs, and hormone receptor status were
identified as poor prognostic factors for DFS and OS. Addi-
tionally, the histologic grade was predictive of DFS while the
body mass index and chemotherapy were predictive of OS. 

4. Inverse probability of treatment weighted

To account for the effects of confounding factors, we cal-
culated a PS and used this value in an IPTW analysis. Based
on the prognostic factor analysis, our covariates included
age, body mass index, number of breast tumors (1 vs. 2 vs. 
! 3), tumor location (outer quadrant vs. inner quadrant vs.
central vs. whole breast), size, number of metastatic LNs 
(1 vs. 2 vs. 3), T category (T1/2 vs. T3/4), histologic grade 
(1 vs. 2 vs. 3), histologic type (invasive ductal carcinoma vs.
invasive lobular carcinoma), hormone receptor status (posi-

tive vs. negative), HER-2/neu receptor status (positive vs.
negative), luminal type (luminal vs. non-luminal), and p53
expression (negative/weak/intermediate vs. strong). We 
additionally adjusted for the following known postoperative
prognostic factors: number of harvested LNs, N category (N1
vs. N1mi), use of adjuvant chemotherapy, adjuvant RT, 
adjuvant hormone therapy, and trastuzumab therapy. A 
numeric distribution of patients is shown in S2 Table. A 
median of 15.2 LNs were retrieved. Fifty-two patients (3%)
were diagnosed with N1mi stage disease. 

The hazard ratios of locoregional recurrence, distant
metastasis, progression, and death for the SNB group relative
to the ALND group are shown in Table 5. After IPTW cor-
rection and additional adjustments of postoperative covari-
ates, we observed no differences in LRRFS, DFS, and OS
between the SNB and ALND groups. Rather, only the risk of
distant metastasis was significantly lower in the SNB group
after IPTW correction. Specifically, the hazard ratio for dis-
tant metastasis was 0.35 (95% confidence interval, 0.12 to
0.97; p=0.043). This difference was lost after additional 
adjustments of postoperative covariates. The results are
shown in Fig. 3.

Discussion

In this study, we reviewed patients who had undergone
mastectomy at our institution and were determined to have
pN1 or pN1mi disease. After a median follow-up of 93
months, we observed no significant differences in the LRRFS,
DMFS, DFS, and OS rates of patients who underwent SNB
vs. those who underwent ALND. We observed a clear bias
toward smaller tumors, lower histologic grade, lower num-
ber of metastatic LNs, and better immunohistochemical find-
ings among patients who underwent a limited axillary
operation. To correct this, we applied the IPTW method. Sub-
sequently, we observed no differences in OS, DFS, and
LRRFS between the groups. The corrected DMFS rate was
higher in the SNB group relative to the ALND group, how-
ever, after adjusting for postoperative factors, the statistical
power was lost. 

Despite ongoing controversy, the avoidance of axillary
node dissection in selected patients with micrometastatic dis-
ease or isolated tumor cells in the sentinel node is considered
adequate [3,8]. However, the issue of whether to complete
ALND after a notification of nodal macrometastases remains
controversial. The results of the ACOSOG Z0011 trial suggest
that ALND can be avoided safely in patients with up to 2
macroscopically positive sentinel nodes [2]. The long-term
follow-up also showed excellent regional control, despite the
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DFS OS
Variable Univariate Multivariate Univariate Multivariate

HR p-value HR p-value HR p-value HR p-value
Age 0.988 0.080 - - 1.001 0.849 - -
BMI 1.030 0.103 - - 1.054 0.004 1.050 0.007 
No. of tumors

2 (vs. 1) 0.583 0.014 - - 0.554 0.014 - -
3 0.933 0.809 - - 1.026 0.929 - -

Location
Central (vs. UOQ/LOQ) 1.219 0.202 1.216 0.206 1.316 0.083 1.343 0.061 
UIQ/LIQ 1.498 0.010 1.505 0.009 1.382 0.057 1.442 0.032 
Whole-breast 4.984 < 0.001 2.269 0.046 8.403 < 0.001 4.072 < 0.001

Tumor size 1.018 < 0.001 1.015 < 0.001 1.018 < 0.001 1.012 0.000 
Harvested LN 1.009 0.271 - - 1.006 0.471 - -
Metastatic LN

2 (vs. 1) 1.211 0.193 1.121 0.445 1.252 0.146 1.144 0.393 
3 1.824 - - 0.002 2.029 < 0.001 1.898 < 0.001

T category
T 3/4 (vs. T1/2) 1.794 0.002 - - 2.240 < 0.001 - -

N category
N1mi (vs. N1) 0.481 0.208 - - 0.131 0.152 - -

Histologic grade
2 (vs. 1) 2.568 0.107 2.249 0.112 1.690 0.305 1.602 0.306 
3 4.694 0.008 3.119 0.027 3.347 0.017 2.266 0.078 

Histology
ILC (vs. IDC) 0.369 0.048 - - 0.561 0.201 - -

Hormone receptor
Negative (vs. positive) 1.713 < 0.001 1.443 0.010 1.998 < 0.001 1.612 0.001 

c-Erb B2
Equivocal (vs. negative) 1.624 0.010 - - 1.594 0.016 - -
Positive 1.365 0.024 - - 1.560 0.002 - -

Luminal type
Non-luminal (vs. luminal) 1.726 < 0.001 - - 1.995 < 0.001 - -

p53
Strong 1.570 0.003 - - 1.643 0.002 - -

Chemotherapy
Taxane-based 0.597 0.082 0.617 0.105 0.272 < 0.001 0.287 < 0.001
Others 1.108 0.712 1.159 0.597 0.539 0.007 0.562 0.012

Radiotherapy
Yes 1.685 0.005 - - 2.108 < 0.001 - -

Hormone therapy
Yes 0.611 < 0.001 - - 0.531 < 0.001 - -

Target agent
Yes 0.896 0.680 - - 0.673 0.201 - -

Table 4. Univariate and multivariate analyses of DFS and OS

DFS, disease-free survival; OS, overall survival; HR, hazard ratio; BMI, body mass index; UOQ, upper outer quadrant; LOQ,
lower outer quadrant; UIQ, upper inner quadrant; LIQ, lower inner quadrant; LN, lymph node; ILC, invasive lobular carci-
noma; IDC, invasive ductal carcinoma.
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potential for residual axillary disease [9]. Additionally,
ALND could be avoided in a large majority of Z0011-eligible
patients, regardless of the use of routine nodal radiation [10].
However, the applicability of these findings to patients 
undergoing total mastectomy has not been established. Sev-
eral publications from single-institutional studies have repor-
ted the outcomes of mastectomy cases. The majority of these
studies suggest that omitting ALND or replacing it with RT
does not worsen DFS [4,11]. Accordingly, the pattern of 
axillary management has shifted toward less radical surgery
(Fig. 4) [3,4,8,10]. 

Nodal radiation is another alternative to ALND for LN-
positive patients. In the current analysis, adjuvant RT did not
improve LRRFS, DFS, or OS. In this study, we sought to iden-
tify a patient group that would benefit from RT. However,
the retrospective nature of this study precluded such an
analysis because most of the high-risk patients underwent
ALND. Still, other researchers have attempted such an analy-
sis. In the 2005 pooled analysis of the Early Breast Cancer Tri-
alists' Collaborative Group (EBCTCG), PMRT yielded reduc-
tions in the risks of local recurrence and 15-year breast cancer
mortality [12]. As RT led to similar proportional reductions
in the rate of local recurrence among all women, large 
absolute reductions in local recurrence were only observed

if the control risk was also large. Therefore, PMRT was indi-
cated for N2 disease; however, the benefit of PMRT in N1
disease, which is assumed to confer a relatively low risk of
absolute locoregional recurrence, remained debatable. 
Recently, a meta-analysis showed that a locoregional recur-
rence reduction in response to PMRT conferred a significant
survival benefit upon patients with N1 disease [13]. Chang
et al. [5] performed a retrospective study of patients who 
underwent mastectomy plus ALND [5]; in this group, 17.8%
of patients also received PMRT. Here, PMRT did not signif-
icantly reduce the locoregional recurrence (1% vs. 3.8%, 5
years) but was associated with an improved DFS. As shown
above, the evidence supports the use of PMRT for patients
with N1 disease who did not undergo ALND. In contrast to
cases involving BCS, for which adjuvant radiation is sched-
uled, post-mastectomy patients face a more complicated 
decision-making process regarding RT. The current Ameri-
can Society of Clinical Oncology (ASCO) guidelines recom-
mend that “Clinicians should not recommend ALND for women
with early-stage breast cancer who have one or two sentinel lymph
node metastases and will receive breast-conserving surgery with
conventionally fractionated whole-breast RT”; this recommenda-
tion is based on the ACOSOG Z0011 and International Breast
Cancer Study Group (IBCSG)-2301 clinical trials [2,14]. This

Cancer Res Treat. 2019;51(3):1011-1021

Table 5. Outcome analysis based on the IPTW method

CI, confidence interval. a)Hazard ratio (HR): comparison of the sentinel node biopsy group vs. the axillary node dissection
group, b)Inverse-probability-of-treatment weighted (IPTW) method, c)Adjusted for postoperatively determined covariates
(harvested lymph nodes, N category, radiotherapy, hormone therapy, and target agents).

Outcome HRa) 95% CI p-value
Overall survival (event=237/1,697)

Univariate 0.457 0.225-0.926 0.030 
Multivariable adjusted 0.675 0.330-1.380 0.281 
IPTW methodb) 0.537 0.212-1.356 0.188 
IPTW and adjusted by covariatesc) 0.566 0.219-1.464 0.240 

Locoregional recurrence-free survival
Univariate 0.499 0.203-1.224 0.129 
Multivariable adjusted 0.624 0.254-1.537 0.306 
IPTW methodb) 0.698 0.248-1.967 0.497 
IPTW and adjusted by covariatesc) 0.775 0.251-2.394 0.658 

Distant metastasis-free survival
Univariate 0.444 0.219-0.901 0.025 
Multivariable adjusted 0.622 0.304-1.275 0.195 
IPTW methodb) 0.346 0.124-0.965 0.043 
IPTW and adjusted by covariatesc) 0.374 0.131-1.063 0.065 

Disease-free survival
Univariate 0.530 0.297-0.947 0.032 
Multivariable adjusted 0.752 0.417-1.357 0.344 
IPTW methodb) 0.552 0.254-1.200 0.134 
IPTW and adjusted by covariatesc) 0.619 0.327-1.172 0.141 

1018 CANCER  RESEARCH  AND  TREATMENT



Ji Hyeon Joo, ALND Post-mastectomy in N1 Breast Cancer

suggests that no definitive guidelines on axillary manage-
ment exist for cases in which RT is not planned, such as mas-
tectomy cases involving T1 or T2 breast cancer.

Previous research has identified age, tumor size, pre-
menopausal status, and the numbers of positive and dis-
sected LNs as predictors of locoregional failure in patients
with node-positive breast cancer [15]. Recent studies that 
included patients treated with modern chemotherapy regi-
mens reported that the presence of extensive intraductal
components, lymphovascular invasion, histologic grade 3,
and non-luminal subtype were also predictive of local con-
trol [16,17]. A current study revealed similar findings. Addi-
tionally, patients with inner quadrant tumors tended to had
unfavorable outcomes, including LRRFS, DMFS, DFS, and
OS. According to several studies conducted with respect to
tumor location as a prognostic factor, inner quadrant tumors
were associated with a lower OS rate and more frequent dis-
tant metastases, compared to outer quadrant tumors [18]. 
Although it remains unclear why patients with inner quad-
rant breast cancer have worse outcomes, a potential associa-
tion with internal mammary node (IMN) involvement is
generally accepted. More aggressive chemotherapy or PMRT
that includes the IMN area can be considered in patients with

inner quadrant tumors. In this study, which includes a large
number of patients with N1 disease, at least three metastatic
LNs was also identified as a poor prognosticator for DMFS,
DFS, and OS. Metastatic LNs may be a source of early 

Fig. 3.  Forest plot demonstrating the risks of death, locoregional recurrence, distant metastasis, and disease recurrences for
sentinel node biopsy (SNB) relative to axillary lymph node dissection (ALND). HR, hazard ratio; CI, confidence interval;
IPTW, inverse probability of treatment weighted.
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regional or distant recurrence; therefore, the extent of LN
metastasis can serve as a prognosticator in breast cancer 
patients with metastatic LNs. A population-based study of
more than 25,000 women found that the LN ratio (LNR, the
ratio of positive LNs to the total number of removed LNs)
was an important prognostic factor independent of tradi-
tional clinicopathological factors [19]. Some researchers have
argued that the LNR may have a greater prognostic value
than the absolute number of involved nodes. Moreover, the
LNR has been identified as a significant predictor of out-
comes in all stages of breast cancer [20]. Given the variability
of factors related to the local recurrence of breast cancer, it is
difficult to determine the need for PMRT using only ALND.
Further research is needed to define the appropriate indica-
tions for PMRT. We suggest that less aggressive axillary pro-
cedures for N1 patients should be considered cautiously for
those with inner quadrant tumors or metastasis to ! 3 LNs.
Additionally, age, tumor size, and hormone receptor status
should be considered when making decisions about adjuvant
treatment. 

Our study had several limitations of note, including those
inherent to a retrospective analysis. First, the long study 
period led to heterogeneity in the use of chemotherapy reg-
imens. Second, patients were not randomly allocated to 
undergo ALND vs. SNB alone or RT vs. no RT. We used

IPTW-PS matching to adjust for these errors. However, it was
difficult to draw any definitive conclusions regarding the 
efficacy of ALND or PMRT. A randomized clinical trial of
this subject is currently ongoing in the Netherlands. Specifi-
cally, the Dutch Breast Cancer Research Group (BOOG) 2013-
07 trial is conducting a randomized clinical trial to determine
whether completion axillary treatment can be safely omitted
in SNB-positive breast cancer patients treated with mastec-
tomy. Until the results of that study are published, our find-
ings could serve as a reference for treatment decisions.

In conclusion, ALND did not improved the survival out-
comes, including locoregional control, of women with pN1
breast cancer who underwent mastectomy, even after adjust-
ing for all histopathologic and treatment-related factors.
Omitting ALND or replacing it with RT in these patient
groups can be considered in the absence of high risk factors. 

Electronic Supplementary Material

Supplementary materials are available at Cancer Research and
Treatment website (https://www.e-crt.org).
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Dietary Intake of Omega-3 Fatty Acids and Endocrine-Related 
Gynecological Cancer: A Meta-Analysis of Observational Studies

Original Article

Purpose
Previous observational epidemiological studies have reported inconsistent findings on the
association between dietary intake of omega-3 fatty acids and endocrine-related gynecol-
ogical cancer such as ovarian cancer and endometrial cancer. This study aimed to investi-
gate this association using a meta-analysis of observational studies.  

Materials and Methods
We searched PubMed, EMBASE, and Cochrane library by using key words related with the
topic in April 2017. The pooled odds ratios (pORs), pooled relative risks, or pooled hazard
ratios (pHRs) with 95% confidence intervals (CIs) were calculated based on the random-
effects model. Also, we performed subgroup meta-analysis by methodological quality, types
of cancer, study design, and omega-3 fatty acids. 

Results
A total of 10 observational studies with six case-control and four cohort studies were 
included in the final meta-analysis. In the meta-analysis of all the studies, dietary intake of
total omega-3 fatty acids was not significantly associated with the risk of endometrial and
ovarian cancers (pOR/hazard ratio, 0.87; 95% CI, 0.73 to 1.04; I2=67.2%) (highest vs. lowest
intake). In the subgroup meta-analysis by type of study, there was no significant association
between them in cohort studies (pHR, 1.03; 95% CI, 0.63 to 1.67; I2=81.9%), whereas its
reduced risk was observed in case-control studies (pOR, 0.81; 95% CI, 0.67 to 0.98; 
I2=55.7%).  

Conclusion
The current meta-analysis of observational studies suggests that there is no higher level of
evidence to support the protective effect of dietary omega-3 fatty acids on endocrine-related
gynecological cancer. Further prospective studies should be conducted to confirm the 
association.
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Omega-3 fatty acids, Endometrial neoplasms, Ovarian neoplasms, 
Observational study, Meta-analysis
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Introduction

Endometrial cancer and ovarian cancer are the most and

second common type of gynecological malignancies, respec-

tively, which are also called endocrine-related gynecological

cancers [1]. There are several risk factors for endometrial can-

cer, which include body mass index, parity, age at menarche,

oral contraceptives, diabetes, and smoking [2]. Age, contra-

ceptive use, pregnancy, breastfeeding, and tubal ligation are

known to be related to an increased risk of ovarian cancer

[2].

In the meantime, it has been reported that biomarkers of

inflammation such as C-reactive protein (CRP), interleukin-

6, and tumor necrosis factor ! are related to the increased risk

of endometrial cancer [3,4] and ovarian cancer [5]. Previous

meta-analyses of observational epidemiological studies have

suggested that regular use of non-steroidal anti-inflamma-



tory drug might be protective against these cancers [6,7]. Fur-
ther, observational epidemiological studies [8,9] and ran-
domized clinical trials [10-12] reported that omega-3 fatty
acids such as !-linolenic acid (ALA), eicosapentaenoic acid
(EPA), docosahexaenoic acid (DHA), and docosapentaenoic
acid (DPA), which are polyunsaturated fatty acids abundant
in vegetables, fruit, fatty fish, and supplements, might have
anti-inflammatory actions. Regarding the potential effects of
omega-3 fatty acids on the risk of endocrine-related gynecol-
ogical cancers, several observational studies such as case-
control studies and cohort studies [13-22] have reported
inconsistent findings. However, no meta-analysis has been
published on this topic.

The current study aimed to investigate the associations bet-
ween dietary intake of omega-3 fatty acids and endocrine-
related gynecological cancers by using a meta-analysis of
observational epidemiological studies such as case-control
studies and cohort studies and subgroup meta-analyses by
various factors such as type of cancer, type of study design,
type of omega-3 fatty acids, and study quality.

Materials and Methods

1. Literature search

Three different databases including MEDLINE (PubMed),
EMBASE, and the Cochrane Library were systematically
searched from their inception to April 2017 by using com-
mon keywords related to omega-3 fatty acids and endocrine-
related gynecological cancers. The keywords for literature
searching were listed as follows: “omega-3 fatty acid,” “fish
oil,” “eicosapentaenoic acid,” “alpha-linolenic acid,” “doco-
sahexaenoic acid,” “docosapentaenoic acid” for exposure fac-
tors; “endometrial cancer,” “uterine cancer,” and “ovarian
cancer” for outcome factors. The bibliographies of relevant
studies were also reviewed to identify additional publica-
tions. The languages of publication were not limited.

2. Study selection and eligibility criteria

The following are eligibility criteria for individual studies
included in the meta-analysis: observational epidemiological
studies such as case-control studies and prospective or ret-
rospective cohort studies; studies that investigated the asso-
ciations between dietary intake of omega-3 fatty acids and
the risk of endocrine-related gynecological cancer. For stud-
ies using the same data, the more comprehensive study or
the first published one was included in the final analysis.
Based on the eligibility criteria, two investigators (Tung H

and Thu Thi P) independently selected the potential studies.  

3. Methodological quality assessment

We assessed the methodological quality of the included
studies based on the Newcastle Ottawa Scale for observa-
tional studies [23]. The Newcastle Ottawa Scale consists of 3
subscales such as selection of studies, comparability, and 
exposure. Its star system ranges between 0 and 9.  In our
study, a study given more than a mean score in each study
type was considered as having high quality. 

4. Main and subgroup analyses

In the main analysis, we investigated the association bet-
ween dietary intake of overall omega-3 fatty acids (highest
versus lowest intake) and the risk of endocrine-related gyne-
cological cancer. Subgroup meta-analyses were performed
by type of study design (case-control study or cohort study),
type of cancer (endometrial cancer or ovarian cancer), type
of omega-3 fatty acids (ALA, EPA, DHA, or DPA), and
methodological quality (high or low).

Bidoli et al. [14] and Tavani et al. [15] used the same dataset
and transformed into the consumption of ALA and total
omega-3 fatty acids intake in risk of ovarian cancer, respec-
tively. To avoid overlaps, study of Bidoli et al. [14], which
omega-3 fatty acids were performed much more specific, was
only included in subgroup analysis. Besides, Tavani et al. [15]
did not show the result for total omega-3 fatty acids and this
study was also assessed for subgroup analysis by type of
omega-3 fatty acids only.

5. Statistical analyses

We used adjusted odds ratios, relative risks, or hazard 
ratios (HRs) with 95% confidence intervals (CIs) from indi-
vidual studies in order to calculate a pooled effect size. To
measure heterogeneity across studies, we used Higgins I2

[24], which is calculated as the following formula:

I2=100%!(Q–df)/Q

, where Q is Cochran’s heterogeneity statistic and df is the 
degrees of freedom. Negative values of I2 are set at zero; I2

ranges from 0% (no heterogeneity) to 100% (maximal hetero-
geneity). If I2 value is greater than 50%, it represents the sub-
stantial heterogeneity [25]. Because individual studies were
conducted in different populations, the random-effects
model with the DerSimonian and Laird method was used to
calculate the pooled effect size [26,27].

Publication bias was assessed by using the Begg’s funnel
plot and Egger’s test [28]. If the funnel plot is asymmetric or
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the p-value for Egger’s test is lower than 0.05, there exists
publication bias. The Stata SE ver. 14.0 software (StataCorp.,
College Station, TX) was used for all statistical analyses.

Results

1. Selection of relevant studies

Fig. 1 illustrates a flow diagram to identify relevant stud-
ies. A total of 3,531 articles were obtained from three data-
bases. Among them, 375 duplicate articles were excluded.
After reviewing a title and abstract of each article, we 
excluded 3,112 articles that did not satisfy selection criteria.
Among them, 34 articles were excluded after reviewing the
full texts of the remaining 44 articles. The reasons for exclu-
sion were not relevant to study topic (n=9) and insufficient
data for study outcome (n=25). A total of 10 studies with six
case-control studies [14-17,19,22] and four cohort studies
[13,18,20,21] were included in the final analysis. 

2. General characteristics of studies

The general characteristics of the nine studies included in
the final analysis are summarized in Table 1. The included
studies were five case-control studies with a total of 12,523
participants consisting of 5,279 cases and 7,244 controls,

which were published between 2002 and 2014 and four 
cohort studies with a total of 237,714 participants, which
were published between 2002 and 2016. They were con-
ducted in the United States (n=6), Italy (n=2), and Australia
(n=1). The follow-up periods ranged between 1980 and 2013. 

3. Methodological quality of studies

Table 2 shows the methodological quality of all the inclu-
ded studies based on the Newcastle Ottawa Scale. All the 
included studies were awarded 7 or 8 stars: three out of five
case-controls studies and two out of four cohort studies were
given 8. The mean score was 7.6 for case-controls studies and
7.5 for cohort studies. 

4. Dietary intake of omega-3 fatty acids and risk of endoc-
rine-related gynecological cancer

As shown in Fig. 2, compared to lowest intake of dietary
omega-3 fatty acids, highest intake was not associated with
the risk of endocrine-related gynecological cancer in the ran-
dom-effects meta-analysis of case-controls studies (n=5) and
cohort studies (n=3) (pooled odds ratio [pOR]/HR, 0.87; 95%
CI, 0.73 to 1.04; I2=67.2%). In the meta-analysis by type of
study, dietary intake of omega-3 fatty acids was not associ-
ated with risk of endocrine-related gynecological cancer in
cohort studies (pHR, 1.03; 95% CI, 0.63 to 1.67; I2=81.9%;
n=4), while a significantly decreased risk was found in case-
control studies (pOR, 0.81; 95% CI, 0.67 to 0.98; I2=55.7%;

Articles with titles and abstracts reviewed (n=3,156)

Articles with full text reviewed (n=44)

Duplicate articles excluded (n=375)

Not relevant articles excluded (n=3,112)

6 Case-control studies and 4 cohort studies
included in the analysis (n=10)

Studies identified from databases by using keywords (n=3,531)
  PubMed (n=1,248)
  EMBASE (n=2,276)
  Cochrane library (n=7)

Not meet eligibility criteria articles excluded (n=34)
  Not relevant to study topic (n=9)
  Insufficient data for study outcome (n=25)

Fig. 1. Flow diagram for selection of relevant studies.
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Fig. 2.  Dietary omega-3 fatty acids intake and risk of endocrine-related gynecological cancer in a random-effects meta-analy-
sis of observational studies by type of study (n=8) [15-22]. OR, odds ratio; HR, hazard ratio; CI, confidence interval.

 Study

Case control study (n=5)
    Tavani et al. (2003)
    Lucenteforte et al. (2008)
    Ibiebele et al. (2012)
    Arem et al. (2013)
    Merritt et al. (2014)
    Subtotal (I2=55.7%)
Cohort study (n=3)
    Brasky et al. (2014)
    Brasky et al. (2015)
    Brasky et al. (2016)
    Subtotal (I2=81.9%)
    Overall (I2=67.2%)

Pooled OR/HR (95% CI)

0.60 (0.40-0.70)
1.00 (0.70-1.60)
1.01 (0.80-1.28)
0.75 (0.52-1.09)
0.79 (0.66-0.96)
0.81 (0.67-0.98)

1.79 (1.16-2.75)
0.81 (0.66-1.00)
0.79 (0.51-1.24)
1.03 (0.63-1.67)
0.87 (0.73-1.04)

Weight (%)

  13.54
    9.80
  14.97
  10.91
  16.48
  65.70

    9.37
  15.84
    9.09
  34.30
100.00

0.2 0.5 1 2 5

Table 3. Subgroup analysis by type of dietary omega-3 fatty acids and study quality

OR, odds ratio; RR, relative risk; HR, hazard ratio; CI, confidence interval; EPA, eicosapentaenoic acid; ALA, !-linolenic
acid; DHA, docosahexaenoic acid; DPA, docosapentaenoic acid; NA, not applicable.

Factor No. of studies Pooled OR/RR/HR (95% CI) I2 (%)
Methodological quality

Low (score of 7 stars) [15,16,21] 3 0.76 (0.55-1.03) 52.7
High (score of 8 stars) [17-20,22] 5 0.93 (0.75-1.66) 72.1

Type of omega-3 fatty acids
EPA [13,17-22] 6 0.88 (0.69-1.12) 69.6

Endometrial cancer [18,20-22] 4 0.86 (0.58-1.30) 81.3
Ovarian cancer [13,17] 2 0.89 (0.73-1.08) 71.5
Case-control study [17,22] 2 0.73 (0.48-1.09) 71.4
Cohort study [13,18-20] 4 0.98 (0.69-1.39) 73.7

ALA [13,14,16-18,20-22] 8 0.96 (0.86-1.06) 39.8
Endometrial cancer [16,18,20-22] 5 0.93 (0.81-1.08) 0
Ovarian cancer [13,14,17] 3 0.99 (0.77-1.26) 58.6
Case-control study [14,16,22] 4 0.97 (0.79-1.18) 39.8
Cohort study [13,18,20,21] 4 0.94 (0.81-1.09) 0

DHA [13,17,18,20-22] 6 0.89 (0.72-1.10) 61.6
Endometrial cancer [18,20-22] 4 0.89 (0.63-1.28) 76.1
Ovarian cancer [13,17] 2 0.91 (0.75-1.11) 0
Case-control study [17,22] 2 0.79 (0.56-1.13) 61.9
Cohort study [13,18,20,21] 4 0.96 (0.69-1.35) 70.7

DPA [17,20,21] 3 0.94 (0.81-1.08) 3.5
Endometrial cancer [20,21] 2 0.86 (0.71-1.03) 0
Ovarian cancer [17] 1 1.06 (0.85-1.33) NA
Case-control study [17] 1 1.06 (0.85-1.33) NA
Cohort study [20,21] 2 0.86 (0.71-1.03) 0
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n=5). No publication bias was observed in the main analysis:
the Begg’s funnel plot was symmetrical, and the p for bias
from the Egger’s test was 0.41 (Fig. 3).

Further, there was no significant association between 
dietary intake of omega-3 fatty acids and endocrine-related
gynecological cancer in the subgroup meta-analyses by study
quality (low vs. high), type of omega-3 fatty acids (ALA,
EPA, DHA, and DPA), and  type of cancer and type of study
in each type of omega-3 fatty acids (Table 3, Fig. 4). 

Discussion

1. Summary of findings

The current study found that there was no significant 
association between dietary intake of omega-3 fatty acids and
the risk of endocrine-related gynecological cancer in the
meta-analysis of cohort studies, while dietary intake of
omega-3 fatty acids was associated with the decreased risk
of endocrine-related gynecological cancer in case-control
studies. These findings imply that there is no higher level of
evidence to support the preventive effect of dietary intake of
omega-3 fatty acids on endocrine-related gynecological can-
cer such as endometrial cancer and ovarian cancer.  

2. Assessment of bias

The discrepancies in the effect of dietary intake of omega-
3 fatty acids on the risk of these cancers between case-control
studies and cohort studies might be associated with some 
important biases [29]. In general, case-control studies are
more sensitive to selection bias and recall bias than prospec-
tive cohort studies [29]. Either a case group or control group
might not represent the whole population because any group
was a non-random sample from the population. This could
lead to selection bias. Also, cancer patients might recall their
dietary differently from controls: for example, they might 
answer that they had consumed less foods like fatty fish rich
in omega-3 fatty acids. On the contrary, healthy people tend

Fig. 4.  Dietary omega-3 fatty acids intake and risk of endocrine-related gynecological cancer in a random-effects meta-analy-
sis of observational studies by type of cancer (n=8) [15-22]. OR, odds ratio; HR, hazard ratio; CI, confidence interval.

 Study

Ovarian cancer (n=3)
    Tavani et al. (2003)
    Ibiebele et al. (2012)
    Merritt et al. (2014)
    Subtotal (I2=74.5%)
Endometrial cacncer (n=5)
    Lucenteforte et al. (2008)
    Arem et al. (2013)    
    Brasky et al. (2014)
    Brasky et al. (2015)
    Brasky et al. (2016)
    Subtotal (I2=67.3%)
    Overall (I2=67.2%)

Pooled OR/HR (95% CI)

0.60 (0.40-0.70)
1.01 (0.80-1.28)
0.79 (0.66-0.96)
0.79 (0.61-1.03)

1.00 (0.70-1.60)
0.75 (0.52-1.09)
1.79 (1.16-2.75)
0.81 (0.66-1.00)
0.79 (0.51-1.24)
0.95 (0.72-1.26)
0.87 (0.73-1.04)

Weight (%)

  13.54
  14.97
  16.48
  44.99

    9.80
  10.91
    9.37
  15.84
    9.09
  55.01
100.00

0.2 0.5 1 2 5

Fig. 3.  Begg’s funnel plots and Egger’s test for publication
bias. OR, odds ratio; HR, hazard ratio; SE, standard error.
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Egger’s test: p for bias=0.41
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to report the healthy dietary habit, which may overestimate
the true effect [30].  

3. Comparison with previous studies

Our findings are consistent with those from the previous
meta-analyses on the similar topic. Qiu et al. [31] reported
that polyunsaturated fat intake was not associated with the
risk of ovarian cancer in the meta-analysis of case-control
studies and cohort studies. Also, Zhao et al. [32] found that
there was no association between polyunsaturated fatty acid
intake and the risk of endometrial cancer in the meta-analysis
of case-control studies and cohort studies.  

4. Possible mechanisms

There are several hypotheses regarding the potential pro-
tective effect of omega-3 fatty acids on endocrine-related 
gynecological cancer. A nested case-control study reported
that increasing concentrations of CRP, which is a marker of
chronic systemic inflammation, were associated the increa-
sed risk of ovarian cancer [5]. Another nested case-control
study also suggested that CRP levels were positively associ-
ated with the risk of endometrial cancer [4]. It has been 
addressed that there are three overarching mechanisms 
regarding the pleiotropic anti-inflammatory and immuno-
suppressive properties of omega-3 fatty acids such as EPA
and DHA: modulation of nuclear activation (e.g., nuclear fac-
tor-!B), suppression of arachidonic acid-cyclooxygenase-
derived eicosanoids, and alteration of the plasma membrane
micro-organization (lipid rafts) [33]. Regarding direct anti-
carcinogenic mechanisms, previous preclinical models
demonstrated that omega-3 fatty acids can reduce tumor cell
proliferation, migration, and promote tumor cell apoptosis
by inhibiting the mechanistic target of rapamycin complex 1
and 2 signaling, which is one of the major targets for the
treatment of endometrial cancer [34]. Also, it has been repor-
ted that omega-3 fatty acids had anti-proliferative and anti-
carcinogenic effects on epithelial ovarian cancer cell lines
[35,36]. However, those anti-cancer effects of omega-3 effects

were not observed in our meta-analysis of observational epi-
demiological studies. 

5. Strengths and limitations

To the best of our knowledge, this is the first meta-analysis
which reports the associations between dietary intake of
omega-3 fatty acids and the risk of endocrine-related gyne-
cological cancers. Our study has several limitations. Firstly,
we included a relatively small number of individual studies
with six case-control studies and four cohort studies. Thus,
further large prospective cohorts studies are warranted to
confirm our findings. Secondly, our findings should be lim-
ited to dietary intake of omega-3 fatty acids. We planned to
evaluate the effects of omega-3 fatty acid supplements on the
risk of endocrine-related gynecological cancer. However,
when we searched three core databases (PubMed, EMBASE,
and Cochrane Library), only VITAL study [18] reported the
result which source of omega-3 fatty acids is from diet plus
supplement. Thirdly, among studies included in the analy-
ses, only Brasky’s study takes into consideration of dietary
factors as adjustment variables. Lastly, our results were not
able to be applied to Asians because published data origi-
nated from the Western countries, mainly the United States,
and different methods of fish cooking between Western and
Eastern countries and frequent intakes of raw fish in Far East-
ern countries such as Japan and Korea as a source of dietary
omega-3 fatty acids may affect the risk of endocrine-related
gynecological cancer. 

In conclusion, the current meta-analysis of observational
studies suggests that there was no higher level of evidence
to support the protective effect of dietary intake of omega-3
fatty acids on the risk of endocrine-related gynecological can-
cer such as endometrial cancer and ovarian cancer. Further
larger prospective studies should be necessary to confirm our
findings. 
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Purpose
Both genetic and lifestyle factors contribute to the risk of colorectal cancer, but each indi-
vidual factor has a limited effect. Therefore, we investigated the association between col-
orectal cancer and the combined effects of genetic factors or/and lifestyle risk factors.  

Materials and Methods
In a case-control study of 632 colorectal cancer patients and 1,295 healthy controls, we
quantified the genetic risk score for colorectal cancer using 13 polymorphisms. Furthermore,
we determined a combined lifestyle risk score including obesity, physical activity, smoking,
alcohol consumption, and dietary inflammatory index. The associations between colorectal
cancer and risk score using these factors were examined using a logistic regression model. 

Results
Higher genetic risk scores were associated with an increased risk of colorectal cancer (odds
ratio [OR], 2.57; 95% confidence interval [CI], 1.89 to 3.49 for the highest tertile vs. lowest
tertile). Among the modifiable factors, previous body mass index, physical inactivity, heavy
alcohol consumption, and a high inflammatory diet were associated with an increased risk
of colorectal cancer. A higher lifestyle risk score was associated with an increased risk of
colorectal cancer (OR, 5.82; 95% CI, 4.02 to 8.44 for the highest tertile vs. lowest tertile).
This association was similar in each genetic risk category.  

Conclusion
Adherence to a healthy lifestyle is associated with a substantially reduced risk of colorectal
cancer regardless of individuals’ genetic risk.
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Colorectal cancer, Genes, Lifestyle, Risk score
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Introduction

Colorectal cancer is the third most common cancer in men
and the second most common cancer in women worldwide
[1]. A family history of colorectal cancer is an independent
risk factor, suggesting that inherited DNA sequence variants
contribute to the causation of colorectal cancer [2]. Recently,
several genome-wide association studies have identified
polymorphisms associated with colorectal cancer risk [3-6].

However, the increase in the colorectal cancer rates in several
Asian and Eastern European countries may be due to the
shift from a traditional lifestyle toward a Westernized life-
style following by the rapid economic development [7]. The
unhealthy lifestyle likely contributes to the growing colorec-
tal cancer rate in certain countries [8]. Thus, modifying these
lifestyle factors has the preventive potential in colorectal can-
cer. 

Although both genetic and lifestyle factors affect the risk
of colorectal cancer, no single component can explain the



large international variation in the incidence of colorectal
cancer [9]. Several previous studies have used a genetic risk
score to predict individuals’ predetermined risk [3,10]. Addi-
tionally, some previous studies have examined the associa-
tion between combined lifestyle factors and the incidence of
colorectal cancer [11-14]. However, these studies are not
comparable due to the use of different lifestyle factors, diffe-
rent cut-off points and different scoring systems [11]. From
a public health point of view, the incidence of colorectal can-
cer may be reduced by modifying lifestyle risk factors and
screening individuals at a high risk. However, few studies
have examined the association between combined genetic
and lifestyle factors and the risk of developing colorectal can-
cer. 

Thus, we constructed a genetic risk score using validated
common colorectal cancer susceptibility loci identified from
genome-wide association studies. In addition, we aimed to
identify modifiable lifestyle factors and develop a combined
risk score, and determine whether lifestyle factors are affec-
ted differently by un-modifiable risk factors, such as genetic
factors. 

Materials and Methods

1. Study populations 

This study included cases of newly diagnosed colorectal
cancer patients at the Center for Colorectal Cancer of the 
National Cancer Center, Korea, between August 2010 and
August 2013. Of the 925 patients who agreed to participate
in the study and completed the questionnaires, two patients
were excluded due to implausible energy intakes. In total,
923 patients were included in the analysis. The control par-
ticipants were recruited between October 2007 and Decem-
ber 2014 among individuals visiting the Center for Cancer
Prevention and Detection at the same hospital for a health
check-up program provided by the National Health Insur-
ance Cooperation, which covers the entire Korean popula-
tion. Of the 9,157 healthy subjects who agreed to participate
in the study and completed the questionnaires, 120 subjects
were excluded due to the implausible energy intake. Of the
remaining 9,037 individuals, two controls per case were ran-
domly selected and frequency-matched by gender and 5-year
age group. Additionally, individuals with missing blood
samples and genotyping data were excluded. Ultimately, 632
colorectal cancer patients and 1,295 healthy controls were 
included in the final analysis (S1 Fig.). 

2. Assessment of modifiable lifestyle risk factors 

Information regarding the participants’ demographic and
lifestyle risk factors (e.g., smoking, alcohol consumption, and
regular exercise) was collected by in-person interviews or
structured questionnaires at initial recruitment, prior to can-
cer diagnosis. The dietary intake was assessed using a vali-
dated 106-item semi-quantitative food frequency question-
naire specifically developed for this population encompass-
ing commonly consumed food items. The validity and repro-
ducibility of the questionnaire have been previously reported
[15]. Each participant provided their average frequency of
eating and typical portion sizes in the year preceding the 
interview. These values were converted to obtain daily 
nutrient intake values using a scale with nine frequency cat-
egories and three portion size categories. We calculated the
dietary inflammatory index (DII), and the calculation of the
DII has been previously described [16,17]. In the present
study, 35 food components were included to calculate DII:
protein, fat, carbohydrate, fiber, monounsaturated fatty acid,
saturated fatty acid, polyunsaturated fatty acid, n-3 fatty
acid, n-6 fatty acid, cholesterol, thiamin, riboflavin, niacin,
vitamin B6, vitamin B12, vitamin C, folic acid, vitamin A, 
vitamin D, vitamin E, !-carotene, iron, magnesium, selenium,
zinc, garlic, ginger, onion, green tea, flavan-3-ol, flavone,
flavonol, flavanone, anthocyanidin, and isoflavone.

3. Single-nucleotide polymorphism selection and genotyp-
ing

The single-nucleotide polymorphisms (SNPs) were selec-
ted as previously described [18]. Briefly, 30 SNPs were selec-
ted from the literature based on their association with colo-
rectal cancer in previous genome-wide association studies
[18]. Details regarding the selected SNPs are provided in S2
Table. 

The genotyping was conducted as described below. Geno-
mic DNA was extracted using the MagAttract DNA Blood
M48 Kit (Qiagen, Hilden, Germany) and BioRobot M48 
automatic extraction equipment (Qiagen) according to the
manufacturer’s instructions. The genotyping was performed
using a MassARRAY iPLEX Gold Assay (Agena Bioscience,
San Diego, CA). To control the genotyping quality, duplicate
samples of 3% of the subjects were included in our initial
genotyping analysis; the rate of discordance was < 1%. 

4. Construction of the unweighted and weighted genetic
risk score

To construct the genetic risk score, the independent asso-
ciation between 30 SNPs and colorectal cancer was initially
examined using a logistic regression under allele-based
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model. Among them, 13 SNPs were significantly associated
with the risk of colorectal cancer in the present study. There-
fore, these SNPs were used to calculate the genetic risk
scores. We constructed both unweighted and weighted gene-
tic risk scores [19]. The unweighted genetic risk scores of 
individual participants were created by adding the number
of risk alleles (i.e., 0, 1, or 2) at each SNP. Additionally, we
calculated the weighted genetic risk score by multiplying by
the effect size (the SNP’s ! coefficient from the current logis-
tic regression model) in the current case-control study. The
13 products were then summed to create a weighted genetic
risk score for each study participant. 

5. Development of lifestyle risk score

We generated a modifiable lifestyle index based on a priori
knowledge of risk factors for colorectal cancer and public
health recommendations. The lifestyle factors were charac-
terized as harmful based on their independent association
with colorectal cancer. First, both current and previous (prior
2 years) body mass indexes (BMIs) were calculated because
the current BMI could be affected by the disease status in the
case-control studies [20]. The BMI was categorized according
to the World Health Organization criteria for the Asian pop-
ulation (< 25 kg/m2 vs. ! 25 kg/m2). We compared the cur-
rent and prior BMI, and found that the prior BMI is more
significantly associated with colorectal cancer in the present
study. Therefore, the prior BMI was used as an index for obe-
sity. Second, physical activity was defined as conducting 
exercise regularly. Third, an unhealthy diet was defined
based on the level of DII. Diet was classified as a low or high
inflammatory diet based on the median intake levels of DII
scores in the control group. Fourth, cigarette smoking was
classified as ever or never. Smoking was chosen based on
previous evidence and public health recommendations
[7,21]. Fifth, people who drank more than 30 g of alcohol/
day were considered heavy drinkers based on the association
between alcohol consumption and colorectal cancer risk in
the current study. 

Finally, we assigned a lifestyle risk score (0 for healthy and
1 for unhealthy) to each participant and summed the scores
of the five lifestyle factors; consequently, the lifestyle index
ranged from zero (healthiest) to five (least healthy) points
[11]. 

6. Statistical analysis

The differences in the demographic and lifestyle factors 
between the cases and controls were analyzed using the chi-
squaqre test for categorical variables and Student’s t test for
continuous variables. 

The association between the risk factors (genetic and life-

style risk factors) and colorectal cancer risk was analyzed
using unconditional logistic regression models. The genetic
risk score was calculated using 13 SNPs and divided into ter-
tiles based on scores among controls: low (20%-30%), inter-
mediate (50%-60%), and high (20%-30%). Because some of
participants had the same risk scores, we could not divide
subjects into the same proportion. The combined lifestyle fac-
tors were also divided into tertiles: low (defined as no or only
one lifestyle risk factor), intermediate (defined as 2 or 3 life-
style risk factors), and high (defined as four or five lifestyle
risk factors). The lowest genetic or lifestyle risk factors were
considered references. The multivariable model was adjusted
for age, sex, family history of colorectal cancer, and educa-
tion and additionally adjusted for the five modifiable risk
factors (i.e., prior BMI, physical activity, DII, smoking, and
alcohol consumption) as needed. Furthermore, we conduc-
ted a stratified analysis of the association between the
lifestyle risk factors and colorectal cancer risk according to
the genetic risk category. We used the results based on the
unweighted and weighted risk score in further analyses. A
multinomial logistic regression model was used in the analy-
ses stratified by anatomical location (i.e., colon and rectal
cancer). Interactions between genetic risk scores and lifestyle
risk scores were assessed using the likelihood ratio test by
comparing the model with the interaction term, with the
model containing only main effects. 

All statistical analyses were performed using SAS 9.2 (SAS
Institute Inc., Cary, NC) and STATA ver. 14 software (Stata
Corp., College Station, TX). A two-sided p-value of less than
0.05 indicated statistical significance. 

7. Ethical statement

All participants provided written informed consent, and
the study protocol was approved by the Institutional Review
Board of the National Cancer Center (IRB No. NCCNCS-10-
350 and NCC2015-0202).

Results

Table 1 shows the general characteristics of the study pop-
ulations. The colorectal cancer patients had a higher family
history (p=0.029), had a low education level (p < 0.001), were
unlikely to perform regular exercise (p < 0.001), and had a
higher energy intake (p < 0.001) and higher DII (p < 0.001).
However, no differences were observed in age, sex, smoking,
and alcohol intake. The cases did not differ from the controls
in their current BMI but had a higher prior BMI (p < 0.001).

The association between colorectal cancer and selected
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SNPs among the 30 investigated polymorphisms was exam-

ined; only 13 SNPs were significantly associated with col-

orectal cancer (S3 Table). Several SNPs showed slightly

different associations between the colon cancer and rectal

cancer patients. 

Table 2 presents the association between the genetic risk

score and the risk of colorectal cancer. In this study, the gene-

tic risk scores were approximately normally distributed. The
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Table 1. General characteristics of the study populations

Values are presented as mean±standard deviation or number (%). BMI, body mass index; DII, dietary inflammatory index.

a)First-degree relative, b)BMI from 2 years ago.

Control (n=1,295) Case (n=632) p-value

Age (yr) 56.0±5.1 56.4±9.6 0.380

Sex

Female 408 (31.5) 203 (32.1) 0.786

Male 887 (68.5) 429 (67.9)

Family history (yes)a) 71 (5.5) 51 (8.1) 0.029

Education (yr)

< 12 605 (47.1) 472 (74.7) < 0.001

! 12 679 (52.9) 160 (25.3)

BMI (kg/m2)

< 25 862 (66.6) 431 (68.2) 0.474

! 25 433 (33.4) 201 (31.8)

Prior BMI (kg/m2)b)

< 25 827 (63.9) 322 (51.0) < 0.001

! 25 468 (36.1) 310 (49.1)

Physical activity (yes) 771 (59.8) 207 (32.8) < 0.001

Smoking

Never 565 (43.6) 286 (45.3) 0.500

Ever 730 (56.4) 346 (54.8)

Alcohol consumption

Never 380 (29.3) 192 (30.4) 0.640

Ever 915 (70.7) 440 (69.6)

Total calorie intake (kcal) 1,696.3±561.6 2,023.0±529.2 < 0.001

DII 0.94±2.24 1.77±1.97 < 0.001

Genetic No. of Colorectal cancer Colon cancer Rectal cancer

risk sore controls (%) No. (%) OR (95% CI)b) No. (%) OR (95% CI)b) No. (%) OR (95% CI)b)

Unweighted

" 11 273 (21.1) 80 (12.7) 1.0 (reference) 43 (13.5) 1.0 (reference) 37 (12.2) 1.0 (reference)

12-16 742 (57.3) 341 (54.0) 1.63 (1.20-2.21) 165 (51.9) 1.44 (0.98-2.10) 168 (55.3) 1.77 (1.18-2.64)

! 17 280 (21.6) 211 (33.4) 2.87 (2.05-4.01) 110 (34.6) 2.71 (1.80-4.09) 99 (32.6) 2.99 (1.93-4.63)

Weighted 

T1 323 (24.9) 98 (15.5) 1.0 (reference) 52 (16.4) 1.0 (reference) 46 (15.1) 1.0 (reference)

T2 647 (50.0) 292 (46.2) 1.45 (1.09-1.94) 141 (44.3) 1.30 (0.91-1.87) 146 (48.1) 1.57 (1.08-2.28)

T3 352 (25.1) 242 (38.3) 2.57 (1.89-3.49) 125 (39.3) 2.46 (1.69-3.60) 112 (36.8) 2.59 (1.74-3.85)

Table 2. Association between genetic risk score and colorectal cancer risk, stratified by anatomical sitea)

CI, confidence interval; OR, odds ratio; T, tertile; SNP, single nucleotide polymorphism. a)Genetic risk score was calculated

using 13 SNPs, b)Adjusted for age, sex, family history of colorectal cancer, education, obesity, physical activity, smoking, 

alcohol consumption, and dietary inflammatory index. 

1036 CANCER  RESEARCH  AND  TREATMENT



unweighted and weighted genetic risk scores ranged bet-
ween 5 and 23 (mean±SD, 14.40±3.17) and between 0.93 and
4.63 (mean±SD, 2.92±0.61), respectively. Compared to the
lowest tertile, those in the highest tertile had a higher risk of
colorectal cancer according to both the unweighted (odds
ratio [OR], 2.87; 95% confidence interval [CI], 2.05 to 4.01 for
the highest vs. lowest tertile) and weighted (OR, 2.57; 95%
CI, 1.89 to 3.49 for the highest vs. lowest tertile) genetic risk
scores. After stratifying by anatomical site, these associations
were slightly stronger among patients with rectal cancer than
those with colon cancer. Additionally, after stratifying by
age, slightly stronger association was observed among
younger people (< 50 years) than older people (! 50 years)
(S4 Table). The performance of the genetic risk score using
the weighted genetic risk score was similar to that using a
simple count of risk alleles.

Table 3 presents the association between the modifiable
risk factors and the colorectal cancer risk. Among the inves-
tigated lifestyle factors, the prior BMI, physical inactivity,
heavy alcohol consumption, and high DII score were associ-
ated with an increased risk of colorectal cancer. All factors
combined resulted in a lifestyle risk score that was highly 

associated with an increased risk of colorectal cancer (OR,
5.82; 95% CI, 4.02 to 8.44 for the highest vs. lowest tertile).
After stratifying the data by anatomical site, the association
observed among the colon cancer patients (OR, 6.23; 95% CI,
3.89 to 9.96 for the highest vs. lowest risk score) was slightly
stronger than that among the rectal cancer patients (OR, 5.72;
95% CI, 3.60 to 9.08 for the highest vs. lowest risk score). 

The combined effect of the genetic risk score and lifestyle
risk score on the risk of colorectal cancer is shown in Table 4.
Both the genetic risk scores and the lifestyle risk scores were
divided into tertiles. As the genetic risk score increased into
the highest tertile, the colorectal cancer risk increased. Addi-
tionally as the lifestyle risk score increased into the highest
tertile, the colorectal cancer risk increased even more. In the
analysis using unweighted genetic risk score (GRS), the par-
ticipants in the highest tertile for both the genetic risk score
and lifestyle risk score had an approximately 12 times higher
risk of colorectal cancer than those in the lowest tertile for
both the genetic risk score and lifestyle risk score (OR, 12.57;
95% CI, 5.77 to 27.39). This association seems to be stronger
among the rectal cancer patients (OR, 17.71; 95% CI, 5.80 to
54.04) than that among the colon cancer patients (OR, 10.34;

Young Ae Cho, Colorectal Cancer and Risk Score

No. of Colorectal cancer Colon cancer Rectal cancer

controls (%) No. (%) OR (95% CI)a) No. (%) OR (95% CI)a) No. (%) OR (95% CI)a)

Prior BMI (kg/m2)b)

< 25 827 (63.9) 322 (51.0) 1.0 (reference) 146 (45.9) 1.0 (reference) 166 (54.6) 1.0 (reference)
! 25 468 (36.1) 310 (49.1) 1.76 (1.43-2.18) 172 (54.1) 2.20 (1.69-2.87) 138 (45.4) 1.47 (1.12-1.93)

Physical activity

Yes 771 (59.8) 207 (32.8) 1.0 (reference) 117 (36.8) 1.0 (reference) 88 (29.0) 1.0 (reference)
No 518 (40.2) 425 (67.3) 2.71 (2.19-3.36) 201 (63.2) 2.26 (1.73-2.95) 216 (71.1) 3.25 (2.45-4.31)

Smoking 

Never 565 (43.6) 286 (45.3) 1.0 (reference) 155 (48.7) 1.0 (reference) 125 (41.1) 1.0 (reference)
Ever 730 (56.4) 346 (54.8) 0.74 (0.55-0.98) 163 (51.3) 0.70 (0.49-0.99) 179 (58.9) 0.79 (0.55-1.14)

Alcohol (g/day)  

" 30 1,154 (89.1) 501 (79.3) 1.0 (reference) 258 (81.1) 1.0 (reference) 234 (77.0) 1.0 (reference)
> 30 141 (10.9) 131 (20.7) 1.88 (1.40-2.53) 60 (18.9) 1.76 (1.22-2.55) 70 (23.0) 2.02 (1.41-2.89)

DII

Low 647 (50.0) 242 (38.3) 1.0 (reference) 125 (39.3) 1.0 (reference) 114 (37.5) 1.0 (reference)
High 648 (50.0) 390 (61.7) 1.38 (1.12-1.71) 193 (60.7) 1.39 (1.06-1.81) 190 (62.5) 1.37 (1.04-1.80)

Lifestyle risk scorec)

0 or 1 458 (35.5) 121 (19.2) 1.0 (reference) 60 (18.9) 1.0 (reference) 57 (18.9) 1.0 (reference)
2 or 3 727 (56.4) 376 (59.5) 2.24 (1.72-2.91) 195 (61.3) 2.51 (1.79-2.53) 176 (57.9) 2.08 (1.47-2.94)
4 or 5 104 (8.1) 135 (21.4) 5.82 (4.02-8.44) 63 (19.8) 6.23 (3.89-9.96) 71 (23.4) 5.72 (3.60-9.08)

Table 3. Association between modifiable risk factor and colorectal cancer risk, stratified by anatomical location

OR, odds ratio; CI, confidence interval; BMI, body mass index; DII, dietary inflammatory index. a)Adjusted for age, sex,
family history of colorectal cancer, and education. Additionally adjusted for prior BMI, physical activity, smoking, alcohol,
and DII, if applicable, b)BMI from 2 years ago, c)Scored by summing the prior BMI (2 years ago), physical activity, smoking,
alcohol consumption, and DII.
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95% CI, 4.16 to 25.71). The analysis using weighted GRS also

shows similar associations. The association was similar in

each genetic category.

Discussion

In the present study, the inherited genetic variation and

lifestyle factors contributed independently to the suscepti-

bility to colorectal cancer. According to the stratified analysis

by genetic risk, the modifiable lifestyle risk factors were 

associated with similar risk increases in colorectal cancer risk

across each stratum of genetic risk. The combined effects of

genetics and lifestyle on the risk of colorectal cancer were

stronger in the rectal cancer patients than those in the colon

cancer patients. 

The contribution of an inherited genetic predisposition to

the causation of sporadic colorectal cancer remains unclear.

In twin studies using combined data from three Nordic coun-

tries, colorectal cancer was shown to be relatively more her-

itable than other cancer types [2]. Recently, genome-wide

association studies have identified several common genetic

markers that are significantly associated with colorectal can-

cer [3-6]. Although the predicted risk conferred by each 

individual polymorphism tends to be modest, together, these

polymorphisms have cumulative effects on colorectal cancer

risk [2,22]. Therefore, several studies used a combined gene-

tic risk score to elucidate the effect of heritability on colorec-

tal cancer [3,10]. In a case-cohort study, Jung et al. [3] repor-

ted that participants in the highest quartiles of the genetic

risk score had an elevated risk of colorectal cancer (hazard

ratio, 2.65; 95% CI, 1.43 to 4.91) compared with those in the

lowest quartile using seven SNPs. In the present study, we

used 13 SNPs to calculate the genetic risk score and found a
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Lifestyle risk score

Genetic risk scoreb)

Low Intermediate High

Unweighted genetic risk score

Colorectal cancer

Low 1.0 (reference) 1.32 (0.72-2.42) 2.81 (1.45-5.45)

Intermediate 1.78 (0.93-3.42) 3.30 (1.86-5.86) 5.42 (2.98-9.88)

High 6.29 (2.78-14.21) 8.67 (4.45-16.90) 12.57 (5.77-27.39)

Colon cancer

Low 1.0 (reference) 1.00 (0.48-2.07) 1.50 (0.65-3.46)

Intermediate 1.33 (0.60-2.95) 2.49 (1.26-4.93) 4.79 (2.37-9.69)

High 5.30 (2.01-13.98) 6.11 (2.74-13.64) 10.34 (4.16-25.71)

Rectal cancer

Low 1.0 (reference) 1.83 (0.68-4.91) 5.49 (1.99-15.12)

Intermediate 2.76 (0.99-7.68) 4.86 (1.90-12.43) 6.90 (2.63-18.11)

High 8.63 (2.66-27.99) 13.71 (4.97-37.83) 17.71 (5.80-54.04)

Weighted genetic risk score

Colorectal cancer

Low 1.0 (reference) 1.17 (0.66-2.07) 2.75 (1.51-5.03)

Intermediate 1.86 (1.03-3.33) 3.12 (1.84-5.29) 4.95 (2.88-8.52)

High 6.26 (2.94-13.33) 8.15 (4.29-15.48) 11.40 (5.63-23.09)

Colon cancer

Low 1.0 (reference) 0.93 (0.46-1.89) 1.62 (0.75-3.49)

Intermediate 1.44 (0.69-2.98) 2.47 (1.30-4.69) 4.57 (2.38-8.77)

High 5.70 (2.31-14.07) 5.99 (2.73-13.15) 9.49 (4.10-21.97)

Rectal cancer

Low 1.0 (reference) 1.47 (0.61-3.57) 4.53 (1.89-10.96)

Intermediate 2.61 (1.08-6.29) 4.15 (1.84-9.37) 5.63 (2.45-12.94)

High 7.49 (2.61-21.47) 11.89 (4.79-59.54) 14.46 (2.46-38.30)

Table 4. Association between colorectal cancer risk and combined risk score of genetic and lifestyle riska)

a)Adjusted for age, sex, family history of colorectal cancer, and education, b)Both weighted and unweighted genetic risk score

were used. 
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cumulatively increased risk of colorectal cancer among those
carrying multiple risk alleles. In addition, the estimated
hereditary components in the younger participants were
slightly higher than those in the older participants; this find-
ing is consistent with observations in which the hereditary
effects were the strongest in patients with early-onset cancers
[2,18]. According to the present study, calculated genetic risk
score might be useful in identifying high-risk subjects carry-
ing multiple risk alleles [22]. 

Lifestyle plays a principal role in causing colorectal cancer.
In the present study, heavy alcohol consumption, obesity,
physical inactivity, and an unhealthy diet were independent
risk factors for colorectal cancer, and the combined risk score
of the five risk factors was strongly associated with the risk
of colorectal cancer. Several previous studies have examined
the association between combined lifestyle factors and the
incidence of colorectal cancer [11-14]. In a Danish cohort
study, individuals with an increasing number of healthy
lifestyle factors (i.e., physical activity, smoking status, alcohol
consumption, certain dietary components, and waist circum-
ference) experienced a stepwise decrease in the risk of colon
cancer during the follow-up period [11]. In the Healthy Pro-
fessional Follow-up study, a risk score composed of BMI,
physical inactivity, alcohol consumption, smoking habits, red
meat consumption, and folic acid supplement use showed
that a poorer lifestyle was associated with an increased risk
of developing colon cancer [12]. In the present study, we 
selected lifestyle factors and cut-offs based on the literature
and our data, and suggested that the risk of colorectal cancer
can be reduced by changing lifestyles [23]. Even though the
influence of many risk factors on colorectal cancer may be
very complex depending on age and other exposures, this
simple score may guide to the general population to modify
their lifestyle.

The exact mechanism by which the combined lifestyle and
genetic factors affect the risk for colorectal cancer is unknown.
The plausible biological effects of each factor are pleiotropic
in nature and likely involve overlapping influence on path-
ways that are relevant to colorectal cancer development.
Obesity, physical activity, and an unhealthy diet may con-
tribute to metabolic syndrome, insulin resistance, modifica-
tion of hormonal levels, immune function, inflammation,
gastrointestinal transit time, and bile acid metabolism [16,24].
Cigarettes contain more than 7,000 dangerous chemicals
comprising different carcinogens and cigarette smoking also
increases inflammation [25]. However, the effects of these
lifestyle factors may differ based on individuals’ genetic sus-
ceptibility because certain gene could be expressed only
when activated by environmental factors [23]. Therefore,
gene-environment interactions have a significant influence
on the susceptibility to colorectal cancer. Furthermore, col-
orectal cancer is a heterogeneous disease. The colon and rec-

tum serve different physiological functions and have diffe-
rent enzyme activities, fecal composition, bile acid metabo-
lism, and intestinal transit time [26,27]. Therefore, colorectal
cancer has different genetic and environmental risk factors
depending on the anatomical location and different molecu-
lar pathways of carcinogenesis [28,29]. In the present study,
the higher genetic and lifestyle risk groups seems to be at a
higher risk of developing rectal cancer than developing colon
cancer. 

Risk stratification of target populations using simple ques-
tionnaires or genetic testing may be helpful to identify indi-
viduals who should undergo colorectal cancer screening [30].
In addition, public health interventions must be conducted
to modify lifestyles, particularly for those with a high genetic
risk. The findings of the present study may help to provide
strategy for preventing colorectal cancer. However, the find-
ings of the current study should be interpreted with caution
because of the following limitations. First, this is a case-con-
trol study and thus may contain potential selection and 
information bias. Controls who seek a screening center may
be more health-conscious and have healthier lifestyle than
the general population. Second, a certain degree of measure-
ment error and misclassification of exposure to risk factors
is inevitable. Third, the results of the stratified analyses may
be more attenuated due to relatively small sample size [18]. 

In conclusion, adherence to a healthy lifestyle is associated
with a substantially reduced risk of colorectal cancer regard-
less of individuals’ genetic risk, suggesting that genetic risk
might be attenuated by a favorable lifestyle. Our study high-
lights the useful public health message that even modest dif-
ferences in lifestyle might have a substantial impact on
colorectal cancer risk and emphasizes the importance of con-
vincing people to follow lifestyle recommendations. 

Electronic Supplementary Material

Supplementary materials are available at Cancer Research and
Treatment website (https://www.e-crt.org).

Conflicts of Interest

Conflict of interest relevant to this article was not reported.

Acknowledgments

This work was supported by grants from the National Cancer
Center in Korea (1710882, 1810090), the National Research Founda-
tion of Korea (2015R1C1A2A01053728).

VOLUME 51 NUMBER 3 JULY 2019  1039



1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal
A. Global cancer statistics, 2012. CA Cancer J Clin. 2015;65:87-
108.

2. Lichtenstein P, Holm NV, Verkasalo PK, Iliadou A, Kaprio J,
Koskenvuo M, et al. Environmental and heritable factors in
the causation of cancer: analyses of cohorts of twins from Swe-
den, Denmark, and Finland. N Engl J Med. 2000;343:78-85.

3. Jung KJ, Won D, Jeon C, Kim S, Kim TI, Jee SH, et al. A col-
orectal cancer prediction model using traditional and genetic
risk scores in Koreans. BMC Genet. 2015;16:49.

4. Zhang B, Jia WH, Matsuda K, Kweon SS, Matsuo K, Xiang YB,
et al. Large-scale genetic study in East Asians identifies six
new loci associated with colorectal cancer risk. Nat Genet.
2014;46:533-42.

5. Jia WH, Zhang B, Matsuo K, Shin A, Xiang YB, Jee SH, et al.
Genome-wide association analyses in East Asians identify new
susceptibility loci for colorectal cancer. Nat Genet. 2013;45:
191-6.

6. Houlston RS, Cheadle J, Dobbins SE, Tenesa A, Jones AM,
Howarth K, et al. Meta-analysis of three genome-wide associ-
ation studies identifies susceptibility loci for colorectal cancer
at 1q41, 3q26.2, 12q13.13 and 20q13.33. Nat Genet. 2010;42:
973-7.

7. Huxley RR, Ansary-Moghaddam A, Clifton P, Czernichow S,
Parr CL, Woodward M. The impact of dietary and lifestyle risk
factors on risk of colorectal cancer: a quantitative overview of
the epidemiological evidence. Int J Cancer. 2009;125:171-80.

8. Center MM, Jemal A, Smith RA, Ward E. Worldwide varia-
tions in colorectal cancer. CA Cancer J Clin. 2009;59:366-78.

9. Aran V, Victorino AP, Thuler LC, Ferreira CG. Colorectal can-
cer: epidemiology, disease mechanisms and interventions to
reduce onset and mortality. Clin Colorectal Cancer. 2016;15:
195-203.

10. Iwasaki M, Tanaka-Mizuno S, Kuchiba A, Yamaji T, Sawada
N, Goto A, et al. Inclusion of a genetic risk score into a vali-
dated risk prediction model for colorectal cancer in Japanese
men improves performance. Cancer Prev Res (Phila). 2017;10:
535-41.

11. Kirkegaard H, Johnsen NF, Christensen J, Frederiksen K,
Overvad K, Tjonneland A. Association of adherence to life-
style recommendations and risk of colorectal cancer: a pro-
spective Danish cohort study. BMJ. 2010;341:c5504.

12. Platz EA, Willett WC, Colditz GA, Rimm EB, Spiegelman D,
Giovannucci E. Proportion of colon cancer risk that might be
preventable in a cohort of middle-aged US men. Cancer
Causes Control. 2000;11:579-88.

13. Wei EK, Colditz GA, Giovannucci EL, Fuchs CS, Rosner BA.
Cumulative risk of colon cancer up to age 70 years by risk fac-
tor status using data from the Nurses' Health Study. Am J Epi-
demiol. 2009;170:863-72.

14. Driver JA, Gaziano JM, Gelber RP, Lee IM, Buring JE, Kurth
T. Development of a risk score for colorectal cancer in men.
Am J Med. 2007;120:257-63.

15. Ahn Y, Kwon E, Shim JE, Park MK, Joo Y, Kimm K, et al. Val-

idation and reproducibility of food frequency questionnaire
for Korean genome epidemiologic study. Eur J Clin Nutr.
2007;61:1435-41.

16. Cho YA, Lee J, Oh JH, Shin A, Kim J. Dietary inflammatory
index and risk of colorectal cancer: a case-control study in
Korea. Nutrients. 2016;8:E469.

17. Shivappa N, Steck SE, Hurley TG, Hussey JR, Hebert JR. 
Designing and developing a literature-derived, population-
based dietary inflammatory index. Public Health Nutr. 2014;
17:1689-96.

18. Song N, Shin A, Park JW, Kim J, Oh JH. Common risk variants
for colorectal cancer: an evaluation of associations with age at
cancer onset. Sci Rep. 2017;7:40644.

19. Brautbar A, Pompeii LA, Dehghan A, Ngwa JS, Nambi V, 
Virani SS, et al. A genetic risk score based on direct associa-
tions with coronary heart disease improves coronary heart dis-
ease risk prediction in the Atherosclerosis Risk in Commu-
nities (ARIC), but not in the Rotterdam and Framingham Off-
spring, Studies. Atherosclerosis. 2012;223:421-6.

20. Stevens J, Juhaeri, Cai J. Changes in body mass index prior to
baseline among participants who are ill or who die during the
early years of follow-up. Am J Epidemiol. 2001;153:946-53.

21. Liang PS, Chen TY, Giovannucci E. Cigarette smoking and col-
orectal cancer incidence and mortality: systematic review and
meta-analysis. Int J Cancer. 2009;124:2406-15.

22. Dunlop MG, Tenesa A, Farrington SM, Ballereau S, Brewster
DH, Koessler T, et al. Cumulative impact of common genetic
variants and other risk factors on colorectal cancer risk in
42,103 individuals. Gut. 2013;62:871-81.

23. Anand P, Kunnumakkara AB, Sundaram C, Harikumar KB,
Tharakan ST, Lai OS, et al. Cancer is a preventable disease that
requires major lifestyle changes. Pharm Res. 2008;25:2097-116.

24. Bardou M, Barkun AN, Martel M. Obesity and colorectal can-
cer. Gut. 2013;62:933-47.

25. Shiels MS, Katki HA, Freedman ND, Purdue MP, Wentzensen
N, Trabert B, et al. Cigarette smoking and variations in sys-
temic immune and inflammation markers. J Natl Cancer Inst.
2014;106:dju294.

26. Bufill JA. Colorectal cancer: evidence for distinct genetic cate-
gories based on proximal or distal tumor location. Ann Intern
Med. 1990;113:779-88.

27. Iacopetta B. Are there two sides to colorectal cancer? Int J Can-
cer. 2002;101:403-8.

28. Shin A, Joo J, Bak J, Yang HR, Kim J, Park S, et al. Site-specific
risk factors for colorectal cancer in a Korean population. PLoS
One. 2011;6:e23196.

29. Wei EK, Giovannucci E, Wu K, Rosner B, Fuchs CS, Willett
WC, et al. Comparison of risk factors for colon and rectal can-
cer. Int J Cancer. 2004;108:433-42.

30. Yeoh KG, Ho KY, Chiu HM, Zhu F, Ching JY, Wu DC, et al.
The Asia-Pacific Colorectal Screening score: a validated tool
that stratifies risk for colorectal advanced neoplasia in asymp-
tomatic Asian subjects. Gut. 2011;60:1236-41.

References

Cancer Res Treat. 2019;51(3):1033-1040

1040 CANCER  RESEARCH  AND  TREATMENT



1041│ https://www.e-crt.org │ Copyright ⓒ 2019    by  the Korean Cancer Association

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Cancer Res Treat. 2019;51(3):1041-1051

pISSN 1598-2998, eISSN 2005-9256

https://doi.org/10.4143/crt.2018.424 

Open Access

Comparison of Breast Conserving Surgery Followed by Radiation Therapy with
Mastectomy Alone for Pathologic N1 Breast Cancer Patients in the Era of 
Anthracycline Plus Taxane-Based Chemotherapy: A Multicenter Retrospective
Study (KROG 1418)

Original Article

Purpose

We compared the oncologic outcomes of breast-conserving surgery plus radiation therapy

(BCS+RT) and modified radical mastectomy (MRM) under anthracycline plus taxane-based

(AT) regimens and investigated the role of adjuvant radiation therapy (RT) in patients with

pathologic N1 (pN1) breast cancer treated by mastectomy.

Materials and Methods

We retrospectively reviewed the medical records of 2,011 patients with pN1 breast cancer

who underwent BCS+RT or MRM alone at 12 institutions between January 2006 and 

December 2010. Two-to-one propensity score matching was performed for balances in vari-

ables between the groups. 

Results

The median follow-up duration for the total cohort was 69 months (range, 1 to 114 months).

After propensity score matching, 1,074 patients (676 in the BCS+RT group and 398 in the

MRM-alone group) were analyzed finally. The overall survival, disease-free survival, locore-

gional failure-free survival, and regional failure-free survival (RFFS) curves of the BCS+RT

group vs. MRM-alone group were not significantly different. The subgroup analysis revealed

that in the group with both lymphovascular invasion (LVI) and histologic grade (HG) III, the

BCS+RT showed significantly superior RFFS (p=0.008). Lymphedema (p=0.007) and radi-

ation pneumonitis (p=0.031) occurred more frequently in the BCS+RT group than in the

MRM-alone group, significantly.    

Conclusion

There are no differences in oncologic outcomes between BCS+RT and MRM-alone groups

under the AT chemotherapy regimens for pN1 breast cancer. However, BCS+RT group

showed superior RFFS to MRM-alone group in the patients with LVI and HG III. Adjuvant RT

might be considerable for pN1 breast cancer patients with LVI and HG III.
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Introduction

Randomized trials comparing breast-conservation surgery
(BCS) plus adjuvant radiation therapy (RT) with mastectomy
alone in early-stage breast cancer have shown no differences
in oncologic outcomes [1-6]. On the other hand, several 
recent population-based studies reported that BCS plus RT
(BCS+RT) resulted in better oncologic outcomes than mas-
tectomy according to T or N category [7-11]. The role of adju-
vant RT after mastectomy for pN1 breast cancer is also a
controversial issue. Key randomized trials showed better 
oncologic outcomes in the post-mastectomy RT (PMRT)
group compared with the non-PMRT group for breast cancer
with nodal metastasis [12,13]. Subgroup analysis by the Dan-
ish Breast Cancer Cooperative Group (DBCG) 82 B&C ran-
domized trial [13] and meta-analysis from the Early Breast
Cancer Trialists' Collaborative Group (EBCTCG) [14] repor-
ted that PMRT had the benefit of local control for subgroups
with 1-3 axillary nodal metastases. The National Comprehen-
sive Cancer Network (NCCN) clinical practice guideline rec-
ommends strong consideration of PMRT for N1 breast cancer
[15]. However, the chemotherapeutic regimens of these stud-
ies are not the modern one, but mostly the CMF (cyclophos-
phamide, methotrexate, and 5-fluorouracil) regimen, which
is less effective [16,17].

Anthracycline plus taxane-based (AT) chemotherapy is the
currently recommended adjuvant treatment in the breast
cancer, especially with nodal metastasis [15]. This regimen
showed benefits in local control as well as overall survival
(OS) comparing with previous chemotherapy regimens
[18,19]. In the era of the AT regimen, the role of PMRT for
pN1 disease is still unclear [20,21]. Therefore, we performed
this study to compare oncologic outcomes between BCS+RT
and modified radical mastectomy (MRM) alone under the
AT regimen and to investigate the role of adjuvant RT in pati-
ents with pN1 breast cancer treated by mastectomy.

Materials and Methods

1. Patients

We retrospectively reviewed the medical records of 2,011
patients with pathologic N1 breast cancer who underwent
BCS+RT or MRM alone at 12 institutions in South Korea bet-
ween Jan 2006 and Dec 2010. 

Information was obtained from medical records regarding
pathologic tumor features, including molecular subtype,
tumor size, resection margin, lymphovascular invasion (LVI),

nuclear grade (NG), histologic grade (HG), number of lymph
nodes (LN) with metastasis, and extracapsular extension
(ECE). Patients were excluded because of non-AT chemother-
apy (n=47), BCS without adjuvant RT (n=37) and PMRT
(n=157), and insufficient medical records (n=296). Finally,
1,474 patients were included in the analysis.

2. Treatment

BCS+RT was performed for 1,047 patients (71.0%). The 
median dose of adjuvant RT on the whole breast was 50 Gy
(range, 45 to 50.4 Gy). Tumor bed boost with median dose of
10 Gy (range, 5 to 16 Gy) was applied to 1,026 patients. RT
to the supraclavicular fossa with a median dose of 50 Gy
(range, 45 to 50.4 Gy) was performed in 320 patients (30.6%),
and 37 (3.5%) of them received RT to the internal mammary
area with a median dose of 50.4 Gy (range, 45 to 50.4 Gy). RT
plans followed the general principles of RT to the whole
breast. Median number of axillary LN dissections performed
was 16 (range, 1 to 47). Most patients (99.8%) were treated
with an AC (adriamycin and cyclophosphamide) plus T (tax-
ane) regimen, while others were administrated the FAC (flu-
orouracil, adriamycin, and cytoxan) plus T regimen (0.1%)
or EC (epirubicin and cyclophosphamide) plus T regimen
(0.1%).

MRM alone was performed for 427 patients (29.0%). All
patients in the MRM-alone group received a median of 19 
axillary LN dissections (range, 2 to 43). AC plus T was admi-
nistered to most patients (99.8%) in the MRM group. Other
patients received the FEC (fluorouracil, epirubicin, and 
cytoxan) plus T regimen (0.2%). None of this group under-
went adjuvant RT.

3. Statistical analysis 

OS, disease-free survival (DFS), locoregional failure-free
survival (LRFFS), and regional failure-free survival (RFFS)
were defined as the interval from surgery to death, cancer
recurrence, locoregional recurrence, and regional recurrence,
respectively. The chi-square test or Fisher exact test was used
to compare patient characteristics and patterns of failure bet-
ween the BCS+RT and MRM-alone group. The Kaplan-Meier
method was used to estimate survival curves. Log-rank tests
were performed to compare survival between groups for
various variables. Cox regression analysis was chosen for
multivariate analysis to determine the independent prognos-
tic factors for outcomes. A two-sided p-value of < 0.05 was
considered statistically significant. Statistical analyses were
performed with SPSS ver. 22.0 (IBM Corp., Armonk, NY).
Analyses were also performed for subgroups defined accord-
ing to the number of risk factors identified as significant in
multivariate analyses for DFS.

Cancer Res Treat. 2019;51(3):1041-1051

1042 CANCER  RESEARCH  AND  TREATMENT



Two-to-one propensity score matching was performed to

eliminate imbalances in variables between the two treatment

groups. Matching variables were age, menopause status, site,

pathology, pathologic T staging, number of LNs with metas-

tasis, LVI, NG, HG, molecular subtype, and ECE. R Statistical

Software ver. 3.2.3 (The R foundation for Statistical Analyses,

Vienna, Austria) was utilized in propensity score matching.

Gyu Sang Yoo, BCS+RT vs. MRM for N1 Breast Cancer

Before matching After matching

Characteristic BCS+RT MRM alone 
p-value

BCS+RT  MRM alone 
p-value

(n=1,047) (n=427) (n=676) (n=398)

Age (yr)              47.4±8.6 48.9±9.4 0.004 48.1±8.9 48.7±9.3 0.319

Menopausal status

Premenopause 676 (64.6) 251 (58.8) 0.043 415 (61.4) 238 (59.8) 0.604

Postmenopause 371 (35.4) 176 (41.2) 261 (38.6) 160 (40.2)

Site

Left 504 (48.1) 217 (50.8) 0.380 330 (48.8) 199 (50.0) 0.732

Right 543 (51.9) 210 (49.2) 346 (51.2) 199 (50.0)

Pathology

IDC 984 (94.0) 413 (96.7) 0.044 648 (95.9) 384 (96.5) 0.601

Non-IDC 63 (6.0) 14 (3.3) 28 (4.1) 14 (3.5)

Pathologic T category    

1 507 (48.4) 160 (37.5) 0.000 280 (41.4) 160 (40.2) 0.897

2 532 (50.8) 265 (62.1) 393 (58.1) 236 (59.3)

3 8 (0.8) 2 (0.5) 3 (0.4) 2 (0.5)

No. of LN metastases    

1 603 (57.6) 231 (54.1) 0.070 381 (56.4) 218 (54.8) 0.722

2-3 444 (42.4) 196 (45.9) 295 (43.6) 180 (45.2)

LN management

SLNB only 78 (7.4) 24 (5.6) 0.258 46 (6.8) 22 (5.5) 0.438

ALND 969 (92.6) 403 (94.4) 630 (93.2) 376 (94.5)

Positive LN ratio

! 0.1 506 (48.3) 233 (54.6) 0.034 338 (50.0) 219 (55.0) 0.101

> 0.1 541 (51.7) 194 (45.4) 338 (50.0) 179 (45.0)

LVI

No 370 (35.3) 273 (63.9) 0.000 397 (58.7) 244 (61.3) 0.068

Yes 677 (64.7) 154 (36.1) 279 (41.3) 154 (38.7)

Nuclear grade 

1-2 599 (57.2) 200 (46.8) 0.000 324 (47.9) 200 (50.3) 0.412

3 448 (42.8) 227 (53.2) 352 (52.1) 198 (49.7)

Histologic grade 

I-II 642 (61.3) 216 (50.6) 0.000 301 (44.5) 185 (46.5) 0.482

III 405 (38.7) 211 (49.4) 375 (55.5) 213 (53.5)

Molecular subtype

Luminal A 459 (43.8) 192 (45.0) 0.736 375 (55.4) 216 (54.3) 0.736

Non-luminal A 588 (56.2) 235 (55.0) 301 (44.6) 182 (45.7)

ECE

No 578 (55.2) 267 (62.5) 0.012 382 (56.5) 239 (60.1) 0.247

Yes 469 (44.8) 160 (37.5) 294 (43.5) 159 (39.9)

Table 1. Baseline characteristics of study patients

Values are presented as mean±standard deviation or number (%). BCS, breast conserving surgery; RT, radiation therapy;

MRM, modified radical mastectomy; IDC, invasive ductal carcinoma; LN, lymph node; SLNB, sentinel lymph node biopsy;

ALND, axillary lymph node dissection; LVI, lymphovascular invasion; ECE, extracapsular extension. 
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Table 2.  Patterns of the first failure according to field of radiotherapy

Sites of the first failure BCS+RT  MRM alone p-value(n=676) (n=398)
Isolated loco-regional only 10 (1.5) 6 (1.5) 0.971

Local only 5 (0.7) 2 (0.5) 1.000

Regional only 5 (0.7) 4 (1.0) 0.733

Distant only 28 (4.1) 23 (5.8) 0.223

Simultaneous loco-regional and distant 12 (1.8) 13 (3.3) 0.118

Total 50 (7.4) 42 (10.6) 0.074

Values are presented as number (%). BCS, breast conserving surgery; RT, radiation therapy; MRM, modified radical mas-

tectomy.

Fig. 1.  Survival curves according to treatment group. Overall survival (OS) (A), disease-free survival (DFS) (B), locoregional

failure-free survival (LFFS) (C), and regional failure-free survival (RFFS) (D). BCS+RT, breast conserving surgery plus radi-

ation therapy; MRM, modified radical mastectomy.
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4. Ethical statement

This study was approved by the Institutional Review
Board (IRB) of each hospital and performed in accordance
with the principles of the Declaration of Helsinki. Each IRB
approved a waiver of informed consent.

Results

1. Patient characteristics

The median follow-up duration for the total cohort was 69
months (range, 1 to 114 months). The 5-year rates of OS, DFS,
LRFFS, and RFFS of the total cohort were 98.0%, 92.4%,

Gyu Sang Yoo, BCS+RT vs. MRM for N1 Breast Cancer

Characteristic
Univariate analysis Multivariate analysis

5-Year OS rate (%) p-value HR (95% CI) p-value
Age (yr)
! 55 97.7 0.828 - -
> 55 97.5 -

Menopause status
Premenopause 98.6 0.072 0.592 (0.295-1.190) 0.141
Postmenopause 96.0 -

Site
Left 97.3 0.737 - -
Right 97.9 -

Pathology
IDC 97.6 0.725 - -
Non-IDC 97.7 -

Pathologic T category
1 97.9 0.731 - -
2-3 97.4 -

No. of LN metastases
1 97.8 0.443 - -
2 97.4 -

LVI 
No 98.0 0.342 - -
Yes 97.2 -

Nuclear grade 
1-2 98.9 0.002 0.544 (0.174-1.704) 0.296
3 96.2 -

Histologic grade 
I-II 99.0 0.004 0.773 (0.269-2.220) 0.632
III 95.9 -

Molecular subtype
Luminal A 99.1 0.001 0.327 (0.129-0.825) 0.018
Non-luminal A 96.3 -

ECE
No 97.6 0.771 - -
Yes 97.7 -

Modality
BCS+RT 98.6 0.088 0.597 (0.297-1.200) 0.147
MRM alone 96.1 -

Table 3. Univariate and multivariate analysis (OS)

OS, overall survival; HR, hazard ratio; CI, confidence interval; IDC, invasive ductal carcinoma; LN, lymph node; LVI, lym-
phovascular invasion; ECE, extracapsular extension; BCS, breast conserving surgery; RT, radiation therapy; MRM; modified
radical mastectomy.
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97.0%, and 97.6%, respectively. Among the total cohort, there

were significant differences in age, menopausal status,

pathology, pathologic T category, LVI, NG, HG, and ECE 

between the BCS+RT and MRM-alone groups. After propen-

sity score matching, a total of 1,074 patients (676 in the BCS+

RT group and 398 in the MRM-alone group) were included

for analysis. The patient characteristics are summarized in

Table 1. The number of dissected LNs were 16 (range, 1 to

42) in BCS+RT group and 18 (range, 2 to 42) in MRM-alone

group.

Cancer Res Treat. 2019;51(3):1041-1051

Characteristic

Univariate analysis Multivariate analysis

5-Year DFS rate (%) p-value HR (95% CI) p-value

Age (yr)

! 55 91.9 0.987 - -

> 55 92.3 -

Menopause status

Premenopause 92.5 0.248 - -

Postmenopause 91.0 -

Site

Left 90.7 0.171 1.239 (0.818-1.875) 0.311

Right 93.2 -

Pathology

IDC 91.9 0.598 - -

Non-IDC 93.2 -

Pathologic T category

1 95.0 0.001 0.665 (0.415-1.064) 0.089

2-3 89.6 -

No. of LN metastases

1 93.2 0.126 0.823 (0.545-1.244) 0.356

2-3 90.4 -

LVI 

No 94.6 < 0.001 0.472 (0.304-0.731) 0.001

Yes 88.7 -

Nuclear grade 

1-2 95.4 < 0.001 0.715 (0.389-1.314) 0.280

3 88.0 -

Histologic grade 

I-II 96.4 < 0.001 0.254 (0.134-0.481) 0.001

III 86.1 -

Molecular subtype

Luminal A 94.4 0.024 0.849 (0.544-1.326) 0.472

Non-luminal A 90.0 -

ECE

No 91.8 0.771 - -

Yes 92.0 -

Modality

BCS+RT 93.3 0.107 0.702 (0.463-1.065) 0.096

MRM alone 89.7 -

Table 4. Univariate and multivariate analysis (DFS)

DFS, disease-free survival; HR, hazard ratio; CI, confidence interval; IDC, invasive ductal carcinoma; LN, lymph node; LVI,

lymphovascular invasion; ECE, extracapsular extension; BCS, breast conserving surgery; RT, radiation therapy; MRM; mod-

ified radical mastectomy.

1046 CANCER  RESEARCH  AND  TREATMENT



Gyu Sang Yoo, BCS+RT vs. MRM for N1 Breast Cancer

2. Treatment outcome

Among 1,074 patients, 92 (8.6%) experienced disease recu-
rrence. The patterns of first failure were not significantly dif-
ferent between the groups (Table 2). The OS, DFS, LRFFS,
and RFFS rates of the BCS+RT group vs. MRM-alone group
at 5 years were 98.6% vs. 96.1% (p=0.088), 93.3% vs. 89.7%

(p=0.107), 97.6% vs. 95.2% (p=0.254), and 98.3% vs. 95.7%
(p=0.102), respectively (Fig. 1). On multivariate analysis, 
luminal A type was identified as an independent prognostic
factor associated with better OS (Table 3). The multivariate
analyses revealed that LVI and HG were independent prog-
nosticators associated with DFS and RFFS (Tables 4 and 5).

Three subgroups were determined according to the num-

Characteristic

Univariate analysis Multivariate analysis

5-Year RFFS rate (%) p-value HR (95% CI) p-value

Age (yr)

! 55 97.2 0.915 - -
> 55 98.0 -

Menopause status

Premenopause 97.3 0.571 - -
Postmenopause 97.4 -

Site

Left 96.9 0.571 - -
Right 97.8 -

Pathology

IDC 97.2 0.218 - -
Non-IDC 100 -

Pathologic T category

1 98.2 0.120 0.890 (0.417-1.900) 0.764
2-3 96.7 -

No. of LN metastases

1 97.1 0.638 - -
2-3 97.7 -

LVI 

No 98.6 0.004 0.340 (0.159-0.726) 0.005
Yes 95.9 -

Nuclear grade 

1-2 98.8 0.021 0.527 (0.205-1.356) 0.184
3 95.7 -

Histologic grade 

I-II 99.4 < 0.001 0.138 (0.047-0.408) < 0.001
III 94.6 -

Molecular subtype

Luminal A 98.5 0.193 0.902 (0.431-1.887) 0.785
Non-luminal A 96.4 -

ECE

No 97.3 0.503 - -
Yes 97.3 -

Modality

BCS+RT 98.3 0.102 0.523 (0.262-1.044) 0.066
MRM 95.7 -

Table 5. Univariate and multivariate analysis (RFFS)

RFFS, regional failure-free survival; HR, hazard ratio; CI, confidence interval; IDC, invasive ductal carcinoma; LN, lymph
node; LVI, lymphovascular invasion; ECE, extracapsular extension; BCS, breast conserving; RT, radiation therapy; MRM;
modified radical mastectomy.
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Morbidity
BCS+RT (n=676) MRM alone (n=398)

p-value
Grade 1 Grade ! 2 Total Grade 1 Grade ! 2 Total

Lymphedema 69 (10.2) 22 (3.3) 91 (13.5) 26 (6.5) 6 (1.5) 32 (8.0) 0.007
Pneumonitis 8 (1.2) 1 (0.1) 9 (1.3) 0 ( 0 ( 0 ( 0.031

Table 6. Treatment-related toxicities

Values are presented as number (%). BCS, breast conserving surgery; RT, radiation therapy; MRM, modified radical mas-
tectomy.

Fig. 2.  Subgroup analyses according to risk group for overall survival (OS) (A), disease-free survival (DFS) (B), and regional
failure-free survival (RFFS) (C). BCS+RT, breast conserving surgery plus radiation therapy; MRM, modified radical mastec-
tomy; NA, not applicable, a)Hazard ratio was not calculated for RFFS in the low risk group because there was no regional
failure in that subgroup.
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Overall
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ber of risk factors (positive LVI and HG of III) identified in
multivariate analysis for DFS and RFFS: the low risk group
(n=346) had no risk factors, the intermediate risk group
(n=512) had one risk factor, and the high risk group (n=216)
had two risk factors. For the high risk group, BCS+RT
showed significantly superior RFFS (99.5% vs. 96.8%, p=0.008)
(Fig. 2). Although there was also a tendency for BCS+RT to
have better DFS for all risk groups, there were no statistically
significant differences (Fig. 2).

3. Toxicity

Lymphedema and radiation pneumonitis occurred more
frequently in the BCS+RT group than in the MRM-alone
group (Table 6). A total of 8.0% of patients in the MRM-alone
group showed lymphedema, while 13.5% of patients pre-
sented with lymphedema after BCS+RT (p=0.007). Radiation
pneumonitis was present in 1.3% of patients in the BCS+RT
group, whereas no patient in the MRM group showed radi-
ation pneumonitis (p=0.031).

Discussion

Randomized trials comparing BCS+RT with mastectomy
in early-stage breast cancer have shown comparable onco-
logic outcomes by long-term follow-up data [1-6]. However,
several recent population-based studies reported that
BCS+RT resulted in superior oncologic outcomes compared
to mastectomy [7-11]. There are several reasons for this 
inconsistency in results between historic randomized trials
and population-based studies. Those randomized trials were
conducted in the 1980s with outdated diagnostic and thera-
peutic procedures; therefore, local recurrence was much
higher [11,22]. Differences in study designs and patient pop-
ulations may be additional reasons for inconsistent results
between randomized trials and population-based studies
[23]. The evolution of chemotherapy for early breast cancer
may also deviate from the results of historic randomized tri-
als [18,19]. Therefore, special caution is required in interpret-
ing those randomized trials in current practice. Those popu-
lation-based studies also have some limitations. The chemo-
therapy regimens were not standard. In addition, compar-
isons between treatment modalities were stratified only
according to pathologic T or N category, not according to any
other histologic or molecular subtype-based characteristics.
To our knowledge, the current research is the first study to
compare treatment outcomes between BCS+RT and MRM
alone under a modern and homogeneous chemotherapy reg-
imen. In addition, the treatment outcomes were compared

according to subgroups stratified with various pathological
variables for pN1 breast cancer. The inhomogeneity of the
demographic and histologic properties was amended by
propensity score matching.

The oncologic outcomes were not significantly different
between treatment modalities. Among population-based
studies, two reported the outcome of the pN1 subgroup.
Chen et al. [8] used the National Cancer Database and 
reported the adjusted hazard ratio of mastectomy alone as
1.44 (range, 2.31 to 1.53; p < 0.001) over BCS+RT in patients
with pN1 breast cancer. van Maaren et al. [11] analyzed pati-
ents selected from the Netherlands Cancer Registry and 
reported a higher mortality risk rate in the mastectomy com-
pared with the BCS+RT. However, in those studies, mastec-
tomy groups contained higher proportions of patients with
large and multi-centric tumors, which are known prognostic
factors associated with inferior LRFFS and OS. In addition,
information regarding detailed chemotherapy regimen was
not clarified, and a considerable proportion of patients
treated with chemotherapy were included in the study pop-
ulation. In the modern chemotherapy era, the outcome of
mastectomy alone has improved [18,19]. In particular, some
studies have specifically reported that patients with 1-3 pos-
itive LNs showed improvement in oncologic outcomes
[20,24,25]. Therefore, the results are inconsistent, with the
current study showing better outcomes for the mastectomy
group than those studies.

The role of PMRT is also a controversial issue for pN1 non-
metastatic breast cancer. The DBCG 82 B&C trial and EBC-
TCG revealed that PMRT reduced mortality rates regardless
of the number of LN metastases [6,13,14]. On the other hand,
recent retrospective studies showed that addition of PMRT
in patients with pN1 breast cancer seems to have no signifi-
cant impact on oncologic outcomes in the modern chemo-
therapy era [20,24,25]. In the current study, the benefit of
PMRT was not evaluated because patients who received
PMRT were excluded from analyses. However, in the high-
risk subgroup with LVI and HG 3, which were identified as
independent factors associated with poor DFS, the BCS+RT
group showed significantly better RFFS than the MRM-alone
group. This implied that there might be a role of adjuvant RT
in reducing regional recurrence for patients with LVI and HG
3, which are well-known risk factors related to poor locore-
gional control and LN metastasis [20,26-28]. Therefore,
PMRT is a consideration for patients with LVI and HG III
even in the modern chemotherapy era. Further large scale
randomized trials with stratification according to detailed
risk groups are necessary to identify the role of PMRT in pN1
non-metastatic breast cancer.

There are several limitations in the current study. First,
there is inevitable selection bias due to its retrospective 
nature. Although the propensity score matching method was
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utilized to balance treatment groups, some variables that
were excluded from score matching might have been 
unevenly distributed. The pathologic data were collected
from several different institutions, so bias regarding patho-
logic information also could not be excluded. Finally, the rel-
atively short follow-up duration of the current study is also
a limitation. The median follow-up duration of the total 
cohort was 69 months, which is not enough to detect late 
recurrence and treatment-related sequelae [29]. Therefore,
further follow-up is required to compare long-term oncologic
outcomes and adverse effects between treatment groups.

In conclusion, there are no differences in OS, DFS, LRFFS,
and RFFS between BCS+RT and MRM alone under the AT
chemotherapy regimen for patients with pN1 non-breast can-
cer. However, BCS+RT showed superior RFFS in patients
with LVI and HG III, implying that adjuvant RT potentially
has a role in reducing regional recurrence. Therefore, PMRT
might be considerable for patients with LVI and HG 3.
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Purpose

The relationship between head and neck squamous cell carcinoma (HNSCC) and subtypes

of tropomyosin-related kinase (Trk) has not been studied in-depth. In this study, we evalu-

ated the expression patterns of TrkA, TrkB, and panTrk and their clinicopathological signif-

icance as well as association with p16 expression and human papillomavirus (HPV) status.   

Materials and Methods

Total of 396 radically resected oropharyngeal (n=121) and non-oropharyngeal (n=275) 

HNSCCs were included. Immunohistochemistry for TrkA, TrkB, and panTrk was performed.

In addition, p16 immunohistochemistry was performed to assess the HPV status. Using

HPV-negative HNSCC cell lines, FaDu and CAL27, HPV type 16 E6/E7 gene was transfected,

and then changes of TrkA and TrkB expression were analyzed. 

Results

In the clinical samples of HNSCC, high expression of TrkA and panTrk were more associated

with oropharyngeal and p16 positive squamous cell carcinoma (SCC). In patients with com-

pletely resected (R0-resected) oropharyngeal SCC, high TrkA expression was related to 

superior overall survival and recurrence-free survival (RFS). In patients with R0-resected

oral cavity SCC, high panTrk was related to poor RFS. In HPV type E6/E7 gene-transfected

FaDu and CAL27 cell lines, increase of TrkA expression was observed.  

Conclusion

It seems that expression pattern of panTrk and TrkA differed according to anatomical sites

of HNSCC and was closely related to p16 expression and patient prognosis. Trk expression

should be considered in the context of anatomical site, p16 expression or HPV status and

Trk subtypes.

Key words
Head and neck squamous cell carcinoma, Trk proteins, TrkA, TrkB, 

panTrk, Human papillomavirus 
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Introduction

Head and neck squamous cell carcinoma (HNSCC) is a
rare cancer [1]. Recurrence and metastasis occur in about one
third of all HNSCC patients. When recurrence or metastasis
occurs, the outcomes are dismal [2]. Therefore, it is desirable
to have alternative treatment options for such cases. 

Oropharyngeal cancer, in contrast to other non-oropharyn-
geal head and neck cancers, is known to be related to human

papilloma virus (HPV) infection, and patients with HPV-pos-
itive oropharyngeal cancer have a better prognosis than
those with HPV-negative cancer [3]. According to the recent
World Health Organization (WHO) classification [4,5], oro-
pharyngeal squamous cell carcinoma (SCC) is classified as
HPV-positive and HPV-negative oropharyngeal SCC. Regar-
ding ‘HPV-positive’ and ‘HPV-negative,’ the new WHO clas-
sification [4,5] specifically note p16 immunohistochemistry
alone (with appropriate criteria for a positive versus negative
test) as a suitable surrogate marker and recommend the ter-
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minology HPV-positive even if only p16 is performed. Using

moderate to intense nuclear and cytoplasmic p16 immuno-

histochemistry in 70% or more of the tumor cells as surrogate

marker for HPV status has been widely validated, especially

in oropharyngeal SCC [6,7]. HPV status appears to affect

tumor characteristics in patients with oropharyngeal cancer,

but the underlying mechanism has not yet been clarified.

Trophomyosin-related kinases (Trk), namely TrkA, TrkB,

and TrkC, belong to a family of neurotrophin receptor tyro-

sine kinases and are encoded by the NTRK1, NTRK2, and

NTRK3 genes, respectively. TrkA, TrkB, and TrkC bind to

nerve growth factor, brain-derived neurotrophic factor, and

neurotrophin 3, respectively [8]. In HNSCC, TrkB is known

to be overexpressed and related to oncogenesis, tumor pro-

gression, and conventional chemotherapy resistance [9,10].

While attempts to describe Trk expression patterns have

drawn increasing interest, Trk expression status has rarely

been studied in clinical samples of HNSCC. In this study, we

sought to evaluate the expression status of Trk in oropharyn-

geal cancer and non-oropharyngeal cancer and to determine

its clinicopathological significance. In addition, possible asso-

ciations between HPV status, p16 expression and Trk protein

expression were investigated.

Materials and Methods

1. Patients, samples, and clinical data 

Formalin-fixed, paraffin-embedded (FFPE) specimens

were obtained from consecutive HNSCC patients who under-

went surgical resection with curative aim at Severance Hos-

pital, Seoul, Korea, between 2005 and 2012. Appropriate

cases were selected from among the archived cases. Inclusion

criteria were as follows: available tumor tissue, relevant clin-

ical data regarding smoking status and survival data, absence

of preoperative treatment, and no clinicopathologic evidence

of distant metastasis at the time of surgery. We excluded

HNSCC tissue samples that had been subjected to decalcifi-

cation for accurate immunohistochemistry. Ultimately, 121

oropharyngeal cases and 275 non-oropharyngeal cases, total

396 cases were selected, among which complete R0 resection,

Fig. 1.  Expression pattern of Trk protein and p16 using immunohistochemistry (!200). Representative expression as assessed

by Trk immunohistochemistry: Trk showed diffuse cytoplasmic staining in tumor cells. The four cases shown had different

intensities of Trk expression in all tumor cells. (A) Negative, H-score 0. (B) Intensity 1, H-score 100. (C) Intensity 2, H-score

200. (D) Intensity 3, H-score 300. Strong and diffuse nuclear and cytoplasmic staining of p16 immunohistochemical staining

(E) and negative staining was observed (F). 
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defined histologically as tumor-free resection margins,
achieved in 305 (S1 Table). Several pathologic factors, includ-
ing tumor size, lymphovascular invasion, perineural inva-
sion, pathologic TNM staging, according to the 7th American
Joint Committee on Cancer (AJCC) criteria and tumor clas-
sification by the WHO system [11,12], were obtained from
the slide review by two individual pathologists (Y.A. Cho
and S.O. Yoon). Clinical data and survival outcomes were
collected and reviewed from patients’ medical records. The
median follow-up period was 37.1 months (range, 0.8 to 99.6
months). Other clinicopathologic characteristics are descri-
bed in S1 Table. 

2. Tissue microarray preparation 

Sections of FFPE tissues were prepared and stained with
hematoxylin and eosin. Representative tumor areas were
confirmed microscopically, selected two or three different
representative areas per case, and used for tissue microarray
(TMA) construction as previously described [13].

3. Immunohistochemistry and interpretation

Immunohistochemistry was performed on 4-µm TMA tis-
sue sections with a Ventana Bench Mark XT Autostainer
(Ventana Medical Systems, Tucson, AZ) as described in pre-
vious reports [14,15]. The following primary antibodies were
tested: anti-TrkA antibody (1:100 dilution, EP1058Y, rabbit
monoclonal antibody, Abcam, Cambridge, MA), anti-TrkB
antibody (1:300 dilution, ab18987, rabbit polyclonal antibody,
Abcam), anti-panTrk (1:100 dilution, Trk A+B+C, EPR17341,
rabbit monoclonal antibody, Abcam), and p16 (E03347, mouse
monoclonal antibody, RTU, Ventana Medical Systems). 

Expression of Trk subtypes was analyzed according to the
semi-quantitative H-score method; this method yields a total
score range of 0-300 as previously described [16]. The inten-
sity of expression was scored by cytoplasmic staining only
(Fig. 1A-D). Conventionally accepted criteria were used for
p16 immunohistochemistry as previously described. Positive
and negative pattern is described in Fig. 1E and F respec-
tively [17-22].

4. Cell lines and culture

HNSCC cell lines FaDu, a cell line derived from HPV-neg-
ative pharynx SCC, and CAL27, a cell line derived from
HPV-negative tongue SCC were prepared. FaDu cell line was
maintained in RPMI-1640 medium (22400-089, Gibco, Life
Technologies, Carlsbad, CA) supplemented with 10% fetal
bovine serum (FBS; 5000-044, Gibco, Life Technologies).
CAL27 and UMSCC 47 cell lines were maintained in Dul-
becco's modified Eagle's medium (SH30243.01, HyClone,

Thermo Scientific, Logan, UT) supplemented with 10% FBS
(6000-044, Gibco, Life Technologies).

5. Transfection with HPV gene

Plasmid p1321 HPV-16 E6/E7 or empty plasmid vector
(Addgene, Cambridge, MA) was transfected into each cell-
line of FaDu and CAL27 by using TransIT-X2 Dynamic 
Delivery System (Mirus, Madison, WI). 

6. RNA isolation and real-time polymerase chain reaction 

RNA was isolated after 24 hours and 48 hours of transfec-
tion using RNeasy plus mini kit (Qiagen, Valencia, CA).
cDNA was made using qPCRBIO cDNA synthesis kit (PCR
Biosystems, London, UK). Primers of GAPDH, E6, E7, TrkA,
TrkB, and TrkC were manufactured (Integrated DNA Tech-
nologies, Skokie, IL), and primer sequences were summa-
rized in S2 Table. Quantitative polymerase chain reaction
(PCR) was performed using 2! qPCRBIO SyGreen Mix 
Lo-Rox (PCR Biosystems) as PCR reagent and ABI 7500 Real-
Time PCR System (Applied Biosystems, Thermo Fisher Sci-
entific) with the following cycling parameters: 95°C for 2
minutes, 40 cycles of 95°C for 5 seconds and 60°C for 30 sec-
onds, 95°C for 15 seconds, and 60°C for 10 minutes. Relative
mRNA expression levels were determined by the compara-
tive method (2-ddCt). 

7. Statistical analysis

Statistical analyses were conducted using IBM SPSS ver.
22 software for Windows (IBM Corp., Armonk, NY). The
Mann-Whitney U test, Kruskal-Wallis test and chi-square
test, were used to analyze the significance of differences 
between the evaluated variables. Overall survival (OS) was
measured from the date of initial diagnosis to that of death
or the last follow-up visit. Recurrence-free survival (RFS) was
measured from the date of initial diagnosis to that of disease
progression, defined as cancer recurrence, continuance of sta-
ble disease/partial remission/progressive disease without
complete remission, or cancer-related death during the study
period. The Kaplan-Meier method was used to analyze sur-
vival rates, and differences were compared using the log-
rank test. Multivariate regression analysis was performed
using a Cox proportional hazards model. Two-sided p-val-
ues < 0.05 were considered statistically significant. 

8. Ethical statement

This study was approved by the Institutional Review
Board of Severance Hospital with a waiver of informed con-
sent (No. 4-2015-0954).
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Fig. 2.  Expression of Trk protein in head and neck squamous cell carcinomas according to anatomical location and p16

status. (A) H-scores of TrkA and panTrk were significantly higher at oropharyngeal sites than non-oropharyngeal areas 

(p < 0.001). However, there was no significant difference in H-scores of TrkB according to anatomical site. (B) H-scores of

TrkA and panTrk were higher in p16 positive cases than p16 negative cases. No significant difference was observed in the

H-score of TrkB between p16 positive cases and p16 negative cases.

A
H-

sc
or

e

p16 immunohistochemistryp16 immunohistochemistry

300

0

50

150

250

200

Oropharynx Non-oropharynx

100

PanTrk

PanTrk

TrkB

p < 0.001

TrkB

TrkA

TrkA

B

H-
sc

or
e

300

0

50

150

250

200

Positive Negative 

100

PanTrk

PanTrk
TrkB

p < 0.001

TrkB

TrkA
TrkA

Fig. 3.  Alteration of TrkA and TrkB expression and proliferation ability by HPV-16 oncogene. (A) Increased level of TrkA

mRNA 48 hours after transfection in FaDu cell line. (B) Increased level of TrkA mRNA 48 hours after transfection in CAL-

27 cell-line. (C) Slight decreased level of TrkB mRNA in FaDu cell line. (D) Decreased level of TrkB in CAL27 cell line. 

Increased level of TrkC mRNA 48 hours after transfection in FaDu cell line (E) and CAL27 cell line (F). CTR, transfection

with empty vector; HPV, transfection with HPV-16 oncogene.

A

Re
la

tiv
e 

Tr
kA

 m
RN

A 
le

ve
l 2.0

0

0.5

1.5

CTR HPV

1.0

B

Re
la

tiv
e 

Tr
kA

 m
RN

A 
le

ve
l 2.5

2.0

0

0.5

1.5

CTR HPV

1.0

C

Re
la

tiv
e 

Tr
kB

 m
RN

A 
le

ve
l 1.2

0

0.4

0.2

1.0

CTR HPV

0.6

0.8

D

Re
la

tiv
e 

Tr
kB

 m
RN

A 
le

ve
l 1.4

1.2

0

0.2

1.0

CTR HPV

0.6

0.8

0.4

E

Re
la

tiv
e 

Tr
kC

 m
RN

A 
le

ve
l 20

16
18

14

10

6

2
0

4

12

CTR HPV

8

F

Re
la

tiv
e 

Tr
kC

 m
RN

A 
le

ve
l 4.0

0

1.0
0.5

1.5

3.5

CTR HPV

2.0

3.0
2.5

Yoon Ah Cho, Trk Expression in Head and Neck Cancer

VOLUME 51 NUMBER 3 JULY 2019  1055



Results

1. Expression status of Trk protein according to anatomical

site and p16 expression

In overall HNSCC cases, TrkA expression was on average
91.8 (range, 0 to 230), TrkB 36.8 (range, 0 to 278), and panTrk
79.2 (range, 0 to 263) among all HNSCC cases (S3 Fig.). Trk
expression varied among anatomical sites. Expression of

TrkA and panTrk was significantly higher in oropharyngeal
SCCs than non-oropharyngeal SCCs. Also both expressions
were significantly higher in p16 positive HNSCCs than neg-
ative cases. However, TrkB expression showed no correlation
with anatomical sites and p16 status (Fig. 2A and B, S4 and
S5 Figs.).

Variable
No. TrkA expression panTrk expression

(n=391)a)
High (n=160) Low (n=231)

p-value

High (n=169) Low (n=222)

p-value

Age (yr)

< 58 190 76 (47.5) 114 (49.4) 0.758 73 (43.2) 117 (52.7) 0.067
! 58 201 84 (52.5) 117 (50.6) 96 (56.8) 105 (47.3)

Sex

Female 97 40 (25.0) 57 (24.7) > 0.999 34 (20.1) 63 (28.4) 0.076
Male 294 120 (75.0) 175 (75.3) 135 (79.9) 159 (71.6)

Location

Hypopharynx 28 8 (5.0) 20 (8.7) 0.011 13 (7.7) 15 (6.8) < 0.001
Larynx 42 12 (7.5) 30 (13.0) 16 (9.5) 26 (11.7)
Oral cavity 200 77 (48.1) 123 (53.2) 57 (33.7) 143 (64.4)
Oropharynx 121 63 (39.4) 58 (25.1) 83 (49.1) 38 (17.1)

Smoking

Non-smoker 151 70 (43.8) 81 (35.1) 0.214 55 (32.5) 96 (43.2) 0.085
Ex-smoker 80 29 (18.1) 51 (22.1) 40 (23.7) 40 (18.0)
Smoker 160 61 (38.1) 99 (42.9) 74 (43.8) 86 (38.7)

p16 IHC status

Negative 269 88 (55.0) 181 (78.4) < 0.001 86 (50.9) 183 (82.4) < 0.001
Positive 122 72 (45.0) 50 (21.6) 83 (49.1) 39 (17.6)

Lymphovascular invasion

Absent 315 118 (73.8) 197 (85.3) 0.004 119 (70.4) 196 (88.3) < 0.001
Present 76 42 (26.3) 34 (14.7) 50 (29.6) 26 (11.7)

Perineural invasion

Absent 337 132 (82.5) 205 (88.7) 0.054 139 (82.2) 198 (89.2) 0.055
Present 54 28 (17.5) 26 (11.3) 30 (17.8) 24 (10.8)

Pathologic T category

pT1-2 321 128 (80.0) 193 (83.5) 0.421 133 (78.7) 188 (84.7) 0.143
pT3-4 70 32 (20.0) 38 (16.5) 36 (21.3) 34 (15.3)

Lymph node metastasis

Absent 172 62 (38.8) 110 (47.6) 0.097 53 (31.4) 119 (53.6) < 0.001
Present 219 98 (61.3) 121 (52.4) 116 (68.6) 103 (46.4)

Perinodal soft tissue extensionb)

Absent 52 25 (34.7) 27 (35.1) > 0.999 24 (29.6) 28 (41.2) 0.169
Present 97 47 (65.3) 50 (64.9) 57 (70.4) 40 (58.8)

Table 1. Clinicopathological characteristics of 391 HNSCCs according to TrkA and panTrk expression status

Values are presented as number (%). HNSCC, head and neck squamous cell carcinoma; IHC, immunohistochemistry. a)TrkA
and PanTrk immunohistochemistry was performed in all 396 cases but five cases could not be interpreted because of a dam-
aged core, b)The perinodal soft tissue extension status was evaluated in 149 HNSCC cases.
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2. Alteration of Trk protein expression by HPV gene trans-
fection 

After transfection of HPV-16 E6/E7 gene inserted plasmid,
significant increase of E6 and E7 gene expression was con-
firmed at the time of 24 and 48 hours after transfection (S6 Fig.).
The levels of TrkA, TrkB and TrkC mRNA level were meas-
ured 48 hours after transfection; and both FaDu and CAL27
transfected with HPV-16 E6/E7 genes revealed increased 
expression of TrkA and TrkC when compared to control 
(Fig. 3A, B, E and F). TrkB gene expression showed a ten-
dency of decreased expression after HPV-16 E6/E7 gene
transfection (Fig. 3C and D). 

3. Clinicopathological characteristics in conjunction with
Trk expression

Among all HNSCC cases, high TrkA and panTrk expres-
sion was significantly associated with the presence of lym-
phovascular invasion and p16 expression (Table 1). In addi-
tion, high panTrk expression was significantly associated
with the presence of lymph node metastasis (p < 0.001).
However, other clinicopathologic variables were not related
to the expression of TrkA and panTrk proteins (Table 1). In
oropharyngeal HNSCCs, only p16 expression was signifi-
cantly associated with TrkA and panTrk protein expression
(p < 0.001 and p=0.038, respectively) (Table 2). However,
panTrk expression was significantly correlated with the pres-
ence of lymphovascular invasion (p < 0.001), presence of per-
ineural invasion (p=0.007), advanced pathologic T category

Variable No. TrkA expression panTrk expression
(n=121) High (n=63) Low (n=58)

p-value
High (n=83) Low (n=38)

p-value

Age (yr)
< 58 57 27 (42.9) 30 (51.7) 0.365 38 (45.8) 19 (50.0) 0.698
 58 64 36 (57.1) 28 (48.3) 45 (54.2) 19 (50.0)

Sex
Female 20 8 (12.7) 12 (20.7) 0.328 14 (16.9) 6 (15.8) > 0.999
Male 101 55 (87.3) 46 (79.3) 69 (83.1) 32 (84.2)

Smoking
Non-smoker 38 22 (34.9) 16 (27.6) 0.676 26 (31.3) 12 (31.6) 0.345
Ex-smoker 25 12 (19.0) 13 (22.4) 20 (24.1) 5 (13.2)
Smoker 58 29 (46.0) 29 (50.0) 37 (44.6) 21 (55.2)

p16 IHC status
Negative 29 6 (9.5) 23 (39.7) < 0.001 15 (18.1) 14 (36.8) 0.038
Positive 92 57 (90.5) 35 (60.3) 68 (81.9) 24 (63.2)

Lymphovascular invasion
Absent 81 39 (61.9) 42 (72.4) 0.250 54 (65.1) 27 (71.1) 0.541    
Present 40 24 (38.1) 16 (27.6) 29 (34.9) 11 (28.9)

Perineural invasion
Absent 111 56 (88.9) 55 (94.8) 0.327 75 (90.4) 36 (94.7) 0.503
Present 10 7 (11.1) 3 (5.2) 8 (9.6) 2 (5.3)

Pathologic T category
pT1-2 101 50 (79.4) 51 (87.9) 0.230 69 (83.1) 32 (84.2) > 0.999
pT3-4 20 13 (20.6) 7 (12.1) 14 (16.9) 6 (15.8)

Lymph node metastasis
Absent 23 12 (19.0) 11 (19.0) > 0.999 18 (21.7) 5 (13.2) 0.325
Present 98 51 (81.0) 47 (81.0) 65 (78.3) 33 (86.8)

Perinodal soft tissue extensiona)

Absent 22 13 (32.5) 9 (31.0) > 0.999 13 (27.7) 9 (40.9) 0.284
Present 47 27 (67.5) 20 (69.0) 34 (72.3) 13 (59.1)

Table 2. Clinicopathological characteristics of 121 oropharyngeal HNSCCs according to TrkA and panTrk expression status

Values are presented as number (%). HNSCC, head and neck squamous cell carcinoma; IHC, immunohistochemistry. a)The
perinodal soft tissue extension status was evaluated in 69 oropharyngeal HNSCC cases.
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(p=0.045), and presence of lymph node metastasis (p=0.002)
in non-oropharyngeal HNSCC (Table 3). Both TrkA and
panTrk expression showed no significant correlation with
perinodal soft tissue extension status. TrkB expression status
showed no statistically significant correlation with any of the
clinico-pathologic factors (S7 Table).

4. Prognostic impact of Trk protein expression on HNSCC

patients

Among R0 resected HNSCCs (n=305), five cases were not
available for Kaplan-Meier analysis due to the absence of fol-
low-up data. Among 300 cases of R0 resected HNSCCs, high
TrkA expression showed a tendency to be related to superior
OS (Fig. 4A), although it was not associated with RFS 

(Fig. 4B). Especially in R0-resected oropharyngeal SCCs
(n=82), high TrkA expression was significantly related to 
superior OS (Fig. 4C) and RFS (Fig. 4D). In non-oropharyn-
geal SCCs, especially in those of oral cavity (n=181), high
panTrk expression tended to be related to poor OS and infe-
rior RFS than those with low panTrk expression (Fig. 4E and
F). TrkB expression was not related to OS or RFS in oropha-
ryngeal or non-oropharyngeal SCCs (S8 Fig.). Other non-
oropharyngeal SCCs showed no significant correlation with
the expression of TrkA and panTRK protein in Kaplan-Meier
analysis (S9 and S10 Figs.).

In multivariate Cox analysis in R0 resected oropharyngeal
HNSCC, only p16 expression status and pathologic T cate-
gory acts as independent prognostic factors for OS and RFS
(Table 4). However, in R0 resected oral cavity HNSCCs, age,

Variable

No.                      TrkA expression panTrk expression

(n=270)a)
High (n=97) Low (n=173)

p-value

High (n=86) Low (n=184)

p-value

Age (yr)

< 58 133 49 (50.5) 84 (48.6) 0.800 35 (40.7) 98 (53.3) 0.067
! 58 137 48 (49.5) 89 (51.4) 51 (59.3) 86 (46.7)

Sex

Female 77 32 (33.0) 45 (26.0) 0.261 20 (23.3) 57 (31.0) 0.247
Male 193 65 (67.0) 128 (74.0) 66 (76.7) 127 (69.0)

Smoking

Non-smoker 113 48 (49.5) 65 (37.6) 0.163 29 (33.7) 84 (45.7) 0.180
Ex-smoker 55 17 (17.5) 38 (22.0) 20 (23.3) 35 (19.0)
Smoker 102 32 (33.0) 70 (40.5) 37 (43.0) 65 (35.3)

p16 IHC status

Negative 240 82 (84.5) 158 (91.3) 0.107 71 (82.6) 169 (91.8) 0.036
Positive 30 15 (15.5) 15 (8.7) 15 (17.4) 15 (8.2)

Lymphovascular invasion

Absent 234 79 (81.4) 155 (89.6) 0.064 65 (75.6) 169 (91.8) < 0.001
Present 36 18 (18.6) 18 (10.4) 21 (24.4) 15 (8.2)

Perineural invasion

Absent 226 76 (78.4) 150 (86.7) 0.087 64 (74.4) 162 (88.0) 0.007
Present 44 21 (21.6) 23 (13.3) 22 (25.6) 22 (12.0)

Pathologic T category

pT1-2 220 78 (80.4) 142 (82.1) 0.746 64 (74.4) 156 (84.8) 0.045
pT3-4 50 19 (19.6) 31 (17.9) 22 (25.6) 28 (15.2)

Lymph node metastasis

Absent 149 50 (51.5) 99 (57.2) > 0.999 35 (40.7) 114 (62.0) 0.002
Present 121 47 (48.5) 74 (42.8) 51 (59.3) 70 (38.0)

Perinodal soft tissue  extensionb)

Absent 30 12 (37.5) 18 (37.5) > 0.999 11 (32.4) 19 (41.3) 0.487
Present 50 20 (62.5) 30 (62.5) 23 (67.6) 27 (58.7)

Table 3. Clinicopathological characteristics of 270 non-oropharyngeal HNSCCs according to Trk expression status

Values are presented as number (%). HNSCC, head and neck squamous cell carcinoma; IHC, immunohistochemistry. a)Trk
immunohistochemistry was performed in all 275 cases but five cases could not be interpreted because of a damaged core,
b)The perinodal soft tissue extension status was evaluated in 80 non-oropharyngeal HNSCC cases.
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Fig. 4.  Kaplan-Meier analysis of R0-resected head and neck squamous cell carcinomas (SCCs) in aspect of anatomical sites.

(A) In the analysis of 300 R0 resected cases, TrkA high expression group tended to have a longer overall survival (OS) than

the Trk low expression group (p=0.060). (B) No significant difference was observed in recurrence-free survival (RFS) accord-

ing to TrkA expression status (p=0.348). (C) In the analysis of 82 R0 resected oropharyngeal SCCs, TrkA high group had a

significantly longer OS than the TrkA low expression group (p=0.044). (D) In addition, the TrkA high group showed longer

RFS than the TrkA low expression group (p=0.032). (E) In 180 R0 resected oral cavity SCCs, high panTrk expression tended

to be related to poor OS (p=0.065). (F) Furthermore, the high panTrk group showed a significantly inferior RFS than the low

panTrk group (p=0.001).
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OS RFS
Variable Univariate Multivariate Univariate Multivariate

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value
Age (yr)a)

< 58 1 ( - 1 ( -
! 58 0.414 (0.076-2.264) 0.309 - - 0.978 (0.297-3.217) 0.970 - -

Sex
Female 1 ( - 1 ( -
Male 3.291 (0.097-112.2) 0.508 - - 3.395 (0.285-48.89) 0.333 - -

Smoking
Non-smoker 1 - 1 ( -
Ex-smoker 2.220 (0.070-70.69) 0.652 - - 1.526 (0.081-28.82) 0.778 - -
Smoker 6.063 (0.369-99.61) 0.207 - - 8.095 (0.934-70.13) 0.058 - -

p16 IHC 
status
Negative 1 ( 1 ( 1 ( 1 (
Positive 0.135 (0.022-0.828) 0.030 0.192 (0.034-1.092) 0.063 0.281 (0.084-0.939) 0.039 0.281 (0.083-0.953) 0.042

Lymphovascular 
invasion 
Absent 1 ( - 1 ( -
Present 0.486 (0.057-4.158) 0.510 - - 1.476 (0.431-5.058) 0.536 - -

Perineural 
invasion 
Absent 1 ( - 1 ( -
Present 0.346 (0.001-101.0) 0.714 - - 0.345 (0.005-22.01) 0.616 - -

Pathologic 
T category
pT1-2 1 ( 1 ( 1 ( 1 (
pT3-4 11.65 (2.327-58.34) 0.003 11.305 (2.173-58.803) 0.004 7.038 (2.048-24.19) 0.002 7.041 (2.023-24.51) 0.002

Lymph node 
metastasis
Absent 1 ( - 1 ( -
Present 1.592 (0.185-13.723) 0.657 - - 1.322 (0.285-6.132) 0.713 - -

TrkA 
expression
Low 1 ( - 1 ( -
High 0.021 (0.000-18.39) 0.265 - - 0.144 (0.018-1.126) 0.065 - -

TrkB 
expression
Low 1 ( - 1 ( -
High 0.838 (0.152-4.630) 0.839 - - 0.655 (0.173-2.478) 0.533 - -

PanTrk 
expression
Low 1 ( - 1 ( -
High 0.416 (0.084-2.060) 0.282 - - 0.466 (0.142-1.531) 0.208 - -

Table 4. Univariate and multivariate analysis of RFS and OS in R0 resected oropharyngeal HNSCC (n=82)

RFS, recurrence-free survival; OS, overall survival; HNSCC, head and neck squamous cell carcinoma; HR, hazard ratio; CI,
confidence interval; IHC, immunohistochemistry. a)Median age of 82 patients was 58.0 years.
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presence of lymphovascular invasion and advanced patho-
logic T category were independent factors for OS and RFS
(S11 Table). Higher panTrk expression tends to relate with
inferior RFS in multivariate analysis (p=0.060) (S11 Table). In
Kaplan-Meier analysis of 91 R1-resected head and neck squa-
mous cell carcinomas in association with Trk expression, no
significant difference was observed in OS and RFS according
to TrkA, panTRkA, or TrkB expression (S12 Fig.).

Discussion

In this study, we evaluated and compared the expression
status of subtypes of Trk in oropharyngeal cancer and non-
oropharyngeal cancer and investigated the relationship 
between the expression levels of these subtypes and p16 
expression status, clinicopathological variables, and patient
prognosis. 

In our study, cytoplasmic staining of tumors varied in 
intensity. Recent studies have described the reliability of pan-
Trk and TrkA immunohistochemical staining in the predic-
tion of NTRK gene alteration [23-25]: one study reported 15
cases of positive pan-Trk positive staining in 16 cases of
known NTRK fusions. Interestingly, cytoplasmic staining 
accompanied by other expression patterns has been found to
be associated with specific NTRK fusion patterns: EML4-
NTRK3 fusion with nuclear staining, LMNA-NTK1 fusion
with nuclear membrane staining, and TPM3/4-NTRK1/3
and TRAF2-NTRK2 fusion with membranous staining [24].
Also, research suggest that strong cytoplasmic TrkA expres-
sion might be related with NTRK1 gene fusion in colorectal
cancers [23] and might be indicative of gene copy number
gain in solid tumors, such as lung adenocarcinoma, and
colon and bile duct cancer [25].

We observed that TrkA and panTrk were expressed more
highly in oropharyngeal than non-oropharyngeal SCCs.
Oropharyngeal cancer shows a significant association with
HPV infection, in contrast to non-oropharyngeal SCC. Car-
cinomas driven by HPV infection induce p16 protein over-
expression through loss of control over cell cycle regulation;
therefore, p16 immunohistochemistry is a reliable surrogate
marker for HPV infection [18,19,21,22,26,27]. These previous
findings and those of the present study suggest that high 
expression of TrkA and panTrk might be related to HPV-dri-
ven molecular changes during the carcinogenesis of oropha-
ryngeal SCCs. In the present study, HPV gene transfection
on the originally HPV-negative HNSCC cell-lines altered
TrkA and TrkB gene expression. Especially, the increment of
TrkA and TrkC gene expression after HPV gene transfection
reflects our observation about the close correlation between

high TrkA and panTrk (A+B+C) expression and p16 positive
HNSCC cases. From the findings, HPV infection may play a
role in regulation of TrkA and TrkC expression. Further 
in-depth studies are needed for the detailed mechanisms 
related to the interaction between HPV infection and each
Trk subtype regulation. 

Besides HPV infection, genetic alteration may be related to
alter Trk expression. According to recent The Cancer Genome
Atlas data for HNSCCs (530 samples/528 patients; www.
cbioportal.org/study?id=hnsc_tcga#summary); however,
mutations of the NTRK1, 2, and 3 genes have a very low fre-
quency (0.6%, 0.6%, and 2.1%, respectively), and copy num-
ber alterations (amplifications or deletions) are also low
frequency (1.2%, 0.8%, and 0.6%, respectively). These find-
ings suggest that genetic mutations or copy number alter-
ations are not the major factors underlying TrkA and panTrk
overexpression in HNSCCs. A recent study of colorectal ade-
nocarcinomas reported that high TrkA protein expression
was related to NTRK1 gene rearrangement [28]. Although
colorectal adenocarcinomas are very different from HNSCCs
in terms of anatomical origin, histology, and biology of car-
cinogenesis, investigation of NTRK gene rearrangements
should be performed to gain insights into the mechanism un-
derlying TrkA and panTrk overexpression in HNSCCs. 

In the present study, high TrkA expression was related to
favorable prognosis. Given that HPV-positive oropharyngeal
SCCs have a more favorable prognosis than HPV-negative
carcinomas [29], and that high TrkA expression was associ-
ated with p16 positivity in the present study, close associa-
tion between high TrkA expression and the favorable out-
come of oropharyngeal SCCs may be related to HPV infec-
tion. Further in-depth study, however, may be necessary
about the relations among HPV infection, Trk regulation,
tumor cell growth. 

In contrast, high panTrk expression was related to poor
outcomes in patients with oral cavity SCCs, but couldn’t
prove as independent prognostic factor for OS and RFS. 
Regarding previous studies about pancreatic cancer and ade-
noid cystic carcinoma [30,31], overexpression of Trk protein
is associated with tumor metastasis or perineural invasion
which is concordant with our result. Given that panTrk 
includes TrkA, B, and C, among TrkA, B, and C or the com-
bination of these Trk subtypes affects lymphovascular inva-
sion and perineural invasion and contribute to the poor
outcome in patients with oral cavity SCCs. However, we
were not able to assess TrkC protein expression by immuno-
histochemistry, because of the lack of commercially available
and reliable antibodies. Although further studies are requi-
red to identify the prognostic relevance of TrkC, oral cavity
SCCs showing high panTrk expression may be candidates
for treatment with panTrk inhibitors. 

In previous in vitro study, TrkB expression may be related
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with tumor proliferation and chemotherapy resistance [32-34].
However, we could not prove the relationship between TrkB
expression and OS or RFS. This might be limitation of 
immunohistochemical staining of TrkB protein. Since our
study cohort is composed of surgically resected specimen
without prior therapy, there may be need for TrkB expres-
sion status in samples of recurrent HNSCC or chemother-
apy-resistant cases. 

Trk protein expression seems to differ according to ana-
tomical site and p16 expression or HPV status with clinical
relevance. As a result, Trk expression status should be con-
sidered in the context of anatomical site and Trk subtype
when considering treatment using Trk inhibitors.
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Purpose
The lower incidence of bladder cancer among women has led to a lack of information on
female radical cystectomy (RC). This study aimed to analyze the characteristics related with
female RC in a cohort from multiple academic institutions. 

Materials and Methods
This was a retrospective review of 384 female patients who underwent RC for bladder can-
cer. Epidemiologic, perioperative variables including urologic referral period with consequent
pathologic stage distributions were assessed. The changes in surgical techniques over time
were illustrated. Also, we evaluated recurrence-free survival (RFS) at 2 and 5 years and
overall survival (OS) at 5 years with stage-specific analyses using the Kaplan-Meier method.

Results
The mean follow-up time was 35 months (interquartile rage [IQR], 9 to 55). The average
time to urologic referral with initial symptoms was 5.5 (IQR, 1 to 6) months and over 20%
of patients visited clinics after 6 months. In subsequent stage distributions according to 
referral period, T2 or higher stage distributions were abruptly increased after 1 year. Overall 
2-year/5-year RFS rates were 0.72/0.57 and 5-year OS was 0.61. Notable surgical descrip-
tions were as follows: 91% of patients underwent open RC; 80% of patients underwent an
ileal conduit; and 83% of patients received anterior exenteration. However, the proportions
of robotic surgery, orthotopic neobladder and organ sparing cystectomy have increased 
recently.     

Conclusion
We identified the general characteristics and changes in pattern of female RC. Our results
also suggest that women are susceptible to delays in referral to an urologist and are at
greater risk for worse prognosis. 
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Cystectomy, Female, Urinary bladder neoplasms
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Introduction

Women are two to four times less likely to develop bladder
cancer than men [1]. Although anatomy or surgical technique
differs between sexes in performing radical cystectomy (RC),
the lower prevalence of female bladder cancer has inevitably
led to a lack of information. The absolute number of women
undergoing RC is increasing worldwide recently [2], making
the overall information on the surgery more necessary.

There were some issues related to the female RC. The first
is about the specific surgical technique with changes in pro-
cedure. For example, ileal conduits have been widely used
for urinary diversion, because women were initially exclu-
ded from orthotopic neobladder (ONB) reconstruction due
to concerns about urethral recurrence (oncologic aspect) and
postoperative urinary incontinence or hypercontinence (func-
tional aspect). However, established indications for ONB and
improvements in the understanding of the rhabdosphincter
anatomy have led to the increased use of ONB. In addition,
the proportion of laparoscopic or robotic surgery has increa-
sed with the development of minimally invasive surgery,
and the rate of organ sparing surgery has changed which
makes the pattern of female cystectomy different from that
performed in the past. In this regard, it will be useful to 
investigate the various surgical methods for performing 
female RC and changes over time. 

Second, even if clinicians recognize the importance of 
demographic heterogeneity in the management of patients
with bladder cancer, the effects of gender on incidence, stag-
ing, prognosis, complications, and survival are controversial
[3,4]. Previous studies demonstrated impaired outcomes in
women and that they are more likely to undergo RC at the
advanced tumor stage [3,5]. For this reason, risk factor expo-
sure due to anatomical features, and hormonal differences
by sex have been suggested for these differences [6]. Also,
delayed urological care of women who present with hema-
turia was continuously proposed [7].

In our study, we investigated the characteristics related
with female RC, to search for perioperative, oncologic out-
comes as well as epidemiologic factors, and aspects of surgi-
cal technique transition.

Materials and Methods

1. Patient deposition and follow-up

A total of five tertiary referral centers provided data. This
study comprised 384 female patients with muscle invasive

disease or recurrent Ta, T1, or carcinoma in situ refractory to
transurethral resection of bladder tumor who underwent RC
and bilateral pelvic lymph node dissection with urinary 
diversion between 2007 and 2016. All patients had pathologic
documentation of bladder cancer and with no evidence of
distant metastasis at the time of RC. Patients were followed
up postoperatively every 3 to 4 months for the first year,
semiannually for the second year and annually thereafter. At
regular follow up, disease recurrence was checked which 
defined as pathologic or radiographic evidence of cancer
after cystectomy. 

2. Epidemiologic factors and perioperative variables

Risk factors exposure history (smoking, chemical exposure
to occupation–dye, paint, metal, and petroleum) and other
various basic information were recorded. Also, the periop-
erative outcomes including operation time, estimated blood
loss and mean hospital stay were evaluated. The durations
from the onset of symptoms (hematuria, lower urinary tract
symptoms, flank pain, etc.) to the urologic referral were
recorded. Thereafter, pathologic T category distribution 
(! T1, T2, T3, and T4) of patients were assessed by referral
period (within 1, 3, 6, and 12 months and over 1 year).

3. Evaluation of oncologic outcome

We evaluated recurrence-free survival (RFS) at 2 and 5
years with overall survival (OS) at 5 years with stage-specific
analyses. Patients who did not experience recurrence were
censored at the time of last follow-up for RFS analysis. Dis-
ease recurrence was defined as local failure in the operative
site, regional lymph nodes, or distant metastasis and cause
of death was determined by the treating physician, by chart
review corroborated by death certificates. Also, final T and
N category, margin status and histologic distributions were
described.

4. Changes in surgical technique in female RC during 10
years

The relative specific changes in surgical proportions and
changes over ten years were analyzed as follows: (1) open/
laparoscopic/robotic surgery, (2) type of urinary diversion
(ileal conduit/ONB/continent cutaneous urinary diversion),
and (3) anterior exenteration/organ sparing RC.

5. Surgical technique description: anterior exenteration 

For RC without uterine preservation, identification of the
whitish vaginal outer wall is important. A landmark can be
made by inserting ringed forceps into the vagina, and a peri-

Ji Sung Shim, Multicenter Study on Female Radical Cystectomy



toneal incision would be placed in the Douglas pouch just
below the vaginal fundus. After ligation of the dorsomedial
pedicle, excision of the vaginal wall covering the trigone can
be performed without significant blood loss. Considering the
location of the tumor, raising the caudal resection of anterior
vaginal wall to the cephalad direction than the urethral resec-
tion plane may reduce the risk of vesicovaginal fistula [8]
which is further reduced when electrocautery is avoided to
the tissue borders required for approximation.

6. Surgical technique description: organ-sparing RC

Basically, organ-sparing RC could be performed in the 
absence of invasive cancer in the trigone, dorsal or lateral
side wall (unifocal, ! cT2b). The surgical techniques are
slightly different for each surgeon, but based on the follow-
ing method which has been described for both open [9] and
robotic approaches [10]. The infundibulo-pelvic, broad, and
round ligaments are preserved and related vessels (including
distal vessels, which go to the paravaginal tissue and pelvic
plexus) should be identified as they cross close to the ureters.
It is important to identify the plane on the outer surface of
the vaginal wall after incision of the uterovesical junction.
The dorsomedial bladder pedicle would be extensively 
resected or the plane of anteroventral vagina could be resec-

ted for nerve sparing. In addition, for continence preserva-
tion for the ONB, dissection in the retropubic space should
be aimed at preserving the endopelvic fascia, pubo-ure-
throvesical attachments, with minimal trauma to the levator
muscles and periurethral tissue. 

7. Analysis

RFS and OS probabilities were estimated using the Kaplan-
Meier method and differences between groups were assessed
using the log-rank test. All analyses were performed and 
illustrated using SPSS ver. 20.0 (IBM Corp., Armonk, NY)
and Sigmaplot ver. 13.0 (Systat Software Inc., San Jose, CA). 
p-values of < 0.05 were considered statistically significant.

8. Ethical statement

This study was approved by the ethics committees and the
Institutional Review Boards of each hospital (IRB No. ED-
10120) that participated in the study, and the requirement for
the patients to provide consent was waived.

Table 1. Baseline patient characteristics 

Values are presented as mean±standard deviation, median (interquartile range), or number (%). BMI, body mass index; EBL,
estimated blood loss.

Value (n=384)
Age (yr) 66±10
BMI (kg/m2) 23.8±3.7
Time to urological referral (mo) 2 (1-6)

Within 1 mo (%) 45.4
Within 3 mo (%) 18.9
Within 6 mo (%) 15.2
Within 12 mo (%) 13.8
Over 1 year 6.7

Risk factors exposure 
None 357 (93.0)
Smoking 20 (5.2)
Radiation exposure 7 (1.8)
Other chemical exposure (metal, paint, petroleum, etc.) 0 (

Preoperative chemotherapy 65 (17)
Follow-up period (mo) 24 (9-51)
Perioperative outcomes

Operation time (min) 410 (350-477)
EBL (mL) 800 (450-1,300)
Hospital stays (day) 19 (14-25)
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Results

1. Baseline characteristics and descriptive data on opera-

tion

The mean patient age was 66 years (interquartile range

[IQR], 59 to 73) and the median follow-up period was 24

months (IQR, 9 to 51). Neoadjuvant chemotherapy was 

administered to 65 women (17%). In the analysis of periop-

erative outcomes, the median operation time was 410 min-

utes (IQR, 350 to 477) and the median length of hospital stay

was 19 (IQR, 14 to 25) (Table 1).

Among the initial symptoms, gross hematuria alone or in

combination with any other symptoms accounted for 66% of

all cases. This was followed by, 6.5% for dysuria, 2.3% for

microscopic hematuria, and 16.7% for other symptoms such

as urgency or flank pain (Fig. 1).

2. Time to urologic referral and differences in pathologic T

category according to the period 

The median time to urologic referral was 2 months (IQR, 1

to 6) and 45.4% of all patients visited clinics within one

month while over 20% of the patients visited the hospital

after 6 months from the onset of symptoms (Table 1). 

We analyzed the differences in pathologic T category 

according to the period for the urologic referral from symp-

tom onset. T2 or lower stage occurred in 67% of patients who

visited clinics within 1 month. Not much difference in T2 or

lower stage distribution (! T1, 56%; T2, 59%; and T3, 60%) in

patients who visited within 1 year, T2 or higher proportion

increased significantly and was present in 87% of patients

who visited clinics after 1 year (Fig. 2).

3. Oncologic outcomes 

The overall 2-year/5-year RFS rates were 0.72/0.57 and 

5-year OS was 0.61 for all patients. The results of stage spe-

cific analyses are depicted in Table 2 (pT2, pT3, pT4, pTany,

and/or lymph node disease) (Table 2) [11-13]. 

In the analysis of recurrence distribution, local and distant

recurrence occurred in 31 (8%) and 84 (22%) patients in our

study. There were no significant differences in the most com-

mon location and rate of recurrence from other large-scale

studies [14,15]. There was only one patient with peritoneal

carcinomatosis and 14 patients experienced recurrence of

secondary urothelial carcinoma in the upper urinary tract (12

patients) and urethra (2 patients). The distribution of recur-

rence locations is shown in Table 3.   

The margin positivity rate was 8% in our study which con-

stituted 3% for Ta/T1/T2 and 5% for T3/T4, respectively.

Among the patients, 98 subjects (26%) were found to have

lymph node–positive disease. The histology of the tumors in

the current series was predominantly urothelial carcinoma

(85%) followed by adenocarcinoma and squamous cell car-

cinoma. 

4. Present status of surgical methods of female RC

Most of the operations were performed by the open

method (91.4%) and the proportion of laparoscopic or robotic

surgeries was about 8.6%. In trend, the composition of the

number of surgeries did not vary much, with the number of

open surgeries being slightly increased with the growth of

robotic surgery, recently (Fig. 3A). In the analysis of the uri-

nary diversion type, ileal conduits were performed in 80% of

Fig. 1.  Descriptions of the initial symptoms. 
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patients; ONB diversions were performed in 16% of patients,
and continent cutaneous diversions were performed in 3%
of patients. In the recent 5 years, the increasing tendency of
ONB reconstruction was shown (Fig. 3B). On surgical range,
51 patients (13%) underwent organ sparing RC while 318
(83%) patients received anterior pelvic exenteration. How-
ever, the number of patients who underwent organ-sparing
RC had increased recently in the trend analysis (Fig. 3C). 

5. Complication rate 

The total complication rate was 47% and 70% of complica-
tions occurred within 30 days (127 patients) of surgery. The
incidence of major and minor complications were 16% (62
patients) and 31% (119 patients), respectively. The most com-
mon complication categories were infectious (13%; most
common [m/c] urinary tract infection) wound (9%; m/c 
dehiscence), gastrointestinal (8%; m/c ileus), as shown in
Table 4. When only high-grade complications were consid-
ered, wound problems and genitourinary complications (8%,
m/c ureteral leakage/stricture) were the most prominent in
all categories. 

Discussion

It is known that women present with more advanced dis-
ease and a greater proportion die of the bladder cancer [16].
Kluth et al. [5] found a link between female gender and an 
increased risk of mortality following RC. In large cohort of
reference cystectomy series (Table 2), overall 5 year RFS and
OS were reported at about 62%-68% and 58%-66%, respec-
tively. Compared with these studies, our study showed worse
5 year RFS at 57% while the 5 year OS of 61% did not show
a significant difference. In other studies on female RC (Table 5)
[2,17-20], OS and RFS were generally lower than those of ref-
erence studies, which were consistent with our study.  

It is insufficient to explain the worse oncologic outcomes
in females by epidemiologic factors. In our study, only 5% of
females were smokers (5.2%-7.9% of women vs. 39.4%-66.3%

Table 2. Outcomes of female radical cystectomy by stage

RFS, recurrence-free survival; OS, overall survival. a)Log-rank test.   

2-Year RFS (%) 5-Year RFS (%) 5-Year OS (%)

Reference/Cystectomy series

Stein et al. (2001) [11] - 68 66
Madersbacher et al. (2003) [12] - 62 59
Hautmann et al. (2006) [13] - 66 58

Current study

Overall 72 57 61
pT2N0 70 52 60
pT3 or higher

pT3N0 62 49 56
pT4N0 49 42 45
pTanyN1-2 48 35 38

p-valuea) 0.113 0.033

Table 3. Distribution of recurrence locations and inci-
dences among female patients underwent radical cystec-
tomy

PLND, pelvic lymph node dissection.

Variable, frequency of No. (%) 

recurrence by site (n=384)

Local recurrence 31 (8.0)
Cystectomy bed 13 (3.3)
PLND template 18 (4.7)

Distant recurrence 84 (21.9)
Lung 24 (6.3)
Liver 14 (3.6)
Bone 25 (6.5)
Extrapelvic lymph node 12 (3.1)
Peritoneal carcinomatosis 1 (0.3)
Others (brain, adrenal, pancreas, bowel) 8 (2.1)

Secondary urothelial carcinoma 14 (3.6)
Upper urinary tract 12 (3.1)
Urethra 2 (0.5)
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of men for the last 20 years, data from Statistics Korea [21])

and even after combination with 2% of radiated patients, 93%

of the cohorts had no exposure to any risk factors. In addi-

tion, despite the argument that perioperative factors could

also play a role (women have longer operative times, more

blood loss, and greater risk of complications than men) [22],

the evidence is insufficient as well as inconsistent with the

results of our study.

While some studies reported that men and women might

metabolize carcinogens differently [23,24], it is quite possible

that tumor biology, anatomic factors as well as delays in 

diagnosis may eventually answer this puzzling trend. One

notable finding of our results is about urological referral pat-

tern. In previous study, when a woman was referred, the

time to referral was universally longer [25]. The most com-

mon symptom of bladder cancer is known to be either micro-

scopic or macroscopic hematuria, which occurred in 66% of

our cohort. Johnson et al. [7] reported that the adjusted haz-

ard ratio of male referral to the urologist was 1.65 (95% con-

fidence interval, 1.31 to 2.08) compared with female referral

Fig. 3.  Changes in the rates of each surgical technique of female radical cystectomy during 10 years. (A) Open/laparoscopy/

robotic. (B) Ileal conduit (IC)/orthotopic neobladder (ONB)/continent cutaneous urinary diversion (CCUD). (C) Anterior

exenteration/organ sparing radical cystectomy (RC).
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[7]. Because bladder cancer is less common in women, med-

ical doctors may be less prone to consider this diagnosis at

the woman’s first visit. In addition, the higher frequency of

urinary tract infections (UTI) among women or postmeno-

pausal bleeding may lead to less extensive investigation thus

delaying primary treatment. Although UTI is most common

among women < 40 years old, older women with gross

hematuria might still undergo a limited evaluation due to

the presumptive diagnoses of UTI. In our study, more than

36% of patients had a urologic referral after 3 months of

symptom onset and 20% even after 6 months. Previously,

several studies documented poorer survival when the inter-

val between cancer diagnosis and definitive treatment pro-

longed [26,27]. While there is not much difference in T2 or

lower stage distribution (generally 60%) in patients who vis-

ited within 1 year, T2 or higher portion increased signifi-

cantly after 1 year which may have affected low RFS of our

cohorts.

The anatomical differences between men and women are

also important considerations. Male bladders have a thicker

detrusor probably because of the need to void at higher 

intravesical pressures to overcome outflow resistance caused

by the hyperplastic prostate gland. The thicker muscle may

delay extravesical extension, and perhaps retard the devel-

opment of metastases. Another anatomic difference that may

affect disease progression is that the replacement of peri-

urethral tissue in men by the prostate gland and its capsule

may block the angiolymphatic extension of the tumor that is

seen in women [28]. Also, differences in hormones have been

discussed as possible causes of bladder cancer biology. The

cell line of urothelial carcinoma is known to express both 

androgens and estrogens. The normal female urothelium 

expresses a higher density of estrogen receptors in the blad-

der trigone and posterior bladder neck than in men. In addi-

tion, this site and the roof of the vagina share an embryonic

origin which is the most common site for invasion [29]. 

The present study details the contemporary trends regard-

ing the distribution of urinary diversion among female pati-

ents undergoing RC for bladder cancer. Although a minority

of patients received a continent diversion overall (16% with

ONB), a key finding in this study suggests that its use is 

indeed gradually increasing. For patients who are consider-

ing RC, the choice of urinary diversion should be largely

based on the feasibility of performing the operation safely

and the ability to provide long-term care according to each

patient’s overall health and preference. After the 1980s, ONB

has been performed for selected patients with improved

knowledge of female pelvic anatomy. Also urethral recur-

Table 4. Summary of the common complications experi-

enced 

UTI, urinary tract infection; FUO; fever of unknown ori-

gin; GI, gastrointestinal; GU, genitourinary; NA, not avail-

able; DVT, deep vein thrombosis;  m/c, most common.

a)m/c and 2nd m/c. 

No. (%) (n=384)

Total complication rate 181 (47.1)

Within 30 days 127 (33.0)

Within 90 days 39 (10.1)

Over 90 days 15 (4.0)

Major complication rate (Clavien grade 3-5) 62 (16.1)

Minor complication rate (Clavien grade 1-2) 119 (31.0)

Complicationa) 181 (

Infectious (UTI and FUO) 51 (13.2)

Wound (dehiscence and infection) 36 (9.3)

GI (ileus and diarrhea) 31 (8.0)

GU (ureteral leakage/stricture and 29 (7.6)

parastomal hernia

Bleeding (transfusion and NA) 21 (5.5)

Cardiac (arrhythmia and NA) 2 (0.6)

Etc. (DVT, lymphocele, pneumonia, hematoma) 11 (2.9)

Table 5.  Survival analysis in a several series of female radical cystectomy

Study Study design
Series Urinary Mean follow-up Organ 5-Year 5-Year 

size diversion period (mo) sparing (%) OS (%) RFS (%)

Granberg et al. (2008) [17] Retrospective 53 ONB 29.2 17 83 85

Ali-El-Dein (2009) [18] Retrospective 180 ONB 57 - - 66

Stein et al. (2009) [19] Retrospective 120 ONB 102 - 58 62

Large et al. (2010) [20] Retrospective 92 ONB (47), IC (45) 34/24 - 65/58 -

Messer et al. (2014) [2] Observational study 890 ONB, IC, CCUD 31 - 52 69

Current study Retrospective 384 ONB, IC, CCUD 35 13 61 57

OS, overall survival; RFS, recurrence-free survival; ONB, orthotopic neobladder; IC, ileal conduit; CCUD, continuous conti-

nent urinary diversion.
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rence is reported to have a low rate (! 2%) in women [30]. 
Another trend identified in our study is the low rate of

organ sparing cystectomy at about 13% and significant
growth in the recent 5 years. This is thought to be a result of
increased understanding of the anatomy, development of the
surgical technique, and increased interest in the functional
outcome. In fact, uterine preservation in some selected ONB
patients helps prevent chronic retention (hypercontinence 
resulting from kinking of the ONB-urethral junction) by pro-
viding adequate back support. There is also a psychologic
advantage to be gained by preserving the genital organs 
especially in the relatively young age groups. Therefore,
organ preserving trials would be weighed for the preserva-

tion of the uninvolved internal genital organs in selected
women during RC.

While it is informative to assess the general characteristics
of female RC it is essential to acknowledge the limitations of
our study; first, the retrospective methodology and possible
selection bias, and that our study was conducted on women
and did not compare with male patients; therefore, compar-
ison with a reference large cystectomy series is necessary.
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A Nomogram for Predicting the Oncotype DX Recurrence Score in
Women with T1-3N0-1miM0 Hormone Receptor–Positive, 
Human Epidermal Growth Factor 2 (HER2)–Negative Breast Cancer

Original Article

Purpose

This preliminary study was conducted to evaluate the association between Oncotype DX

(ODX) recurrence score and traditional prognostic factors. We also developed a nomogram

to predict subgroups with low ODX recurrence scores (less than 25) and to avoid additional

chemotherapy treatments for those patients. 

Materials and Methods

Clinicopathological and immunohistochemical variables were retrospectively retrieved and

analyzed from a series of 485 T1-3N0-1miM0 hormone receptor–positive, human epider-

mal growth factor 2!negative breast cancer patients with available ODX test results at Asan

Medical Center from 2010 to 2016. One hundred twenty-seven patients (26%) had positive

axillary lymph node micrometastases, and 408 (84%) had ODX recurrence scores of ! 25.

Logistic regression was performed to build a nomogram for predicting a low-risk subgroup

of the ODX assay. 

Results

Multivariate analysis revealed that estrogen receptor (ER) score, progesterone receptor (PR)

score, histologic grade, lymphovascular invasion (LVI), and Ki-67 had a statistically significant

association with the low-risk subgroup. With these variables, we developed a nomogram to

predict the low-risk subgroup with ODX recurrence scores of ! 25. The area under the 

receiver operating characteristic curve was 0.90 (95% confidence interval [CI], 0.85 to 0.96).

When applied to the validation group the nomogram was accurate with an area under the

curve=0.88 (95% CI, 0.83 to 0.95).     

Conclusion

The low ODX recurrence score subgroup can be predicted by a nomogram incorporating

five traditional prognostic factors: ER, PR, histologic grade, LVI, and Ki-67. Our nomogram,

which predicts a low-risk ODX recurrence score, will be a useful tool to help select patients

who may or may not need additional ODX testing.
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Breast neoplasms, Oncotype, Prognosis, Prediction, 

Nomogram, Recurrence
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Introduction

Until now, a combination of clinical and histopathologic
prognostic factors such as age [1], tumor size [2], lymph node
metastasis [3], proliferation rate [4], and histologic grade [5]
of breast cancer patients have been determined to use whe-
ther to treat patients with systemic chemotherapy. We also
routinely evaluate predictors such as estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth
factor receptor 2 (HER2) to find patients suitable for a par-
ticular target therapy [6]. These are useful biomarkers to
identify high-risk, triple-negative or HER2-positive cases.
However, it is still difficult to accurately assess the individual
risk and the need for accurate systemic chemotherapy in each
case for low-risk patients among hormone receptor-positive
patients. In the early 2000s, adjuvant chemotherapy was
given to most early breast cancer patients, and such recom-
mendations were made for hormone receptor positive pati-
ents, and with the development of multiple genetic or immu-
nohistochemistry-based scores, more accurate clinical deci-
sions have become possible. Oncotype DX (ODX) is a multi-
genic quantitative reverse transcription-polymerase chain
reaction assay that predicts the efficacy of chemotherapy in
patients with ER-positive breast cancer and assesses the risk
of systemic recurrence. This has proven to be effective in pre-
dicting the effect and prognosis of chemotherapy in patients
with breast cancer who are negative for ER-positive lymph
nodes [7,8]. However, this test takes a long time to get the 
results and is expensive ($3,800). Because the test is com-
plexed and the sample of the patient's tissue needs to be sent
to the laboratory in order to obtain the results, Korea's Natio-
nal Health Insurance or any other private health insurance
does not cover the ODX test. Therefore, this test is a costly
burden for breast cancer patients, whether or not they are 
enrolled in private health insurance.

If other tests can accurately predict the recurrence score
(RS) of all ER-positive patients, ODX testing will not be nec-
essary Therefore, according to several studies, the informa-
tion by ODX RS and the standard histopathological variables
showed similar results [9,10]. However, there are many lim-
itations to the results reported so far.

Our hypothesis was that risk assessments by ODX for 
ER-positive tumors, whether low or high risk, are predicted
with high confidence. Therefore, the purpose of this prelim-
inary study is to assess the association between traditional
prognostic factors and ODX RSs and to develop a nomogram
that can predict subgroups with low ODX RSs (less than 25)
that can avoid additional chemotherapy.

Materials and Methods

1. Patient selection and pathology variable selection

The primary cohort of this study was selected through an
evaluation of the initial record review of all T1-3N0-miM0
hormone receptor-positive, HER2-negative breast cancer 
patients with tumor tissue analyzed by the 21-gene assay bet-
ween January 2010 and October 2016 at Asan Medical Cen-
ter. A study data set of 485 cases with available ODX test
results was used to build the prediction models. From Janu-
ary 2010 to December 2011, an independent external valida-
tion cohort of 1,166 consecutive patients was selected using
the same criteria as the primary cohort. The clinical informa-
tion of the patients was extracted from the medical record.
Clinical information included patient age, tumor size, lymph
node (LN) status, pathologic stage, histologic grade, nuclear
grade, lymphovascular invasion (LVI), Ki-67, p53, and 
molecular subtypes according to ER, PR, and HER2 status
based on immunohistochemistry or fluorescence in situ
hybridization. Immunohistochemistry for ER, PR, HER2, and
Ki-67 and in situ hybridization testing for HER2 were per-
formed in the Asan Medical Center pathology laboratories.
Nuclear staining for ER and PR was evaluated by the Allred
scoring method (0-8). Membranous staining for HER2 was
evaluated by the HercepTest (BenchMark XT autostainer
using OptiView DAB Detection Kit, Ventana Medical Sys-
tems, Tucson, AZ) protocol. Immunohistochemical staining
for Ki-67 (1:250, MIB-1, Dako, Glostrup, Denmark) was per-
formed in a BenchMark XT autostainer (Ventana Medical
Systems) using an i-View detection kit (Ventana Medical Sys-
tems). 

2. Statistical analysis

For this study, we adopted an RS cutoff of 25 as the crite-
rion for high risk, based on the RS threshold for chemother-
apy administration that is used in ongoing phase III clinical
trials such as TAILORx (Trial Assigning Individualized 
Options for Treatment) and RxPONDER (Rx for Positive
Node, Endocrine Responsive Breast Cancer) after reanalysis
of NSABP-B20. Chi-square test and Fisher exact test were
used to compare the RS results between clinicopathological
characteristics, when appropriate. Initial variable selection
was carried out on the basis of univariate linear regression
in development samples. Stepwise multiple logistic regres-
sion analysis was used to estimate a predictive model for
ODX RS. Five factors such as nuclear grade (range, 1 to 3),
Ki-67 labeling index (0 to 100), LVI (positive or negative), and
Allred scores (range, 0 to 8) for ER and PR were found to con-
tribute significantly to the multivariate logistic regression

Cancer Res Treat. 2019;51(3):1073-1085
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Table 1.  Baseline characteristics and association between dichotomized Oncotype Dx score and clinicopathologic variables

Characteristic Total Oncotype Dx Oncotype Dx p-valuegroup score (! 25) score (> 25)
Total patients 485 ( 408 ( 77 (

Age subgroup (yr)
! 34 30 (6) 22 (5) 8 (10) 0.067a)

35-49 276 (57) 228 (56) 48 (62)

" 50 179 (37) 158 (39) 21 (28)

Histologic type
IDC 456 (94) 381 (93) 75 (97) 0.169a)

ILC 18 (4) 18 (4) 0 (

Others 11 (2) 9 (3) 2 (3)

Stage
I 258 (53) 222 (54) 36 (47) 0.322

II 224 (46) 183 (45) 41 (53)

III 3 (1) 3 (1) 0 (

Tumor size (cm)
! 2 285 (59) 247 (61) 38 (49) 0.067

> 2 200 (41) 161 (39) 39 (51)

Lymph node
Negative 358 (74) 302 (74) 56 (73) 0.813

Positive (mic) 127 (26) 106 (26) 21 (27)

Histologic grade
1 32 (7) 31 (7) 1 (1) < 0.001a)

2 404 (83) 354 (87) 50 (65)

3 49 (10) 23 (6) 26 (34)

Nuclear grade
1 12 (3) 12 (3) 0 ( < 0.001a)

2 423 (87) 372 (91) 51 (66)

3 50 (10) 24 (6) 26 (34)

LVI
Negative 346 (71) 302 (74) 44 (57) 0.003 

Positive 139 (29) 106 (26) 33 (43)

Estrogen receptor
< 6 26 (5) 15 (4) 11 (14) 0.001a)

" 7 459 (95) 393 (96) 66 (86)

Progesterone receptor
< 6 166 (34) 115 (28) 51 (68) < 0.001

" 7 319 (66) 293 (72) 26 (32)

HER2 (IHC)
Negative (0 or 1+) 306 (63) 261 (64) 45 (58) 0.356

Equivocal (2+) 179 (37) 147 (36) 32 (42)

Ki-67 (%)
! 20 289 (60) 272 (67) 17 (22) < 0.001

> 20 196 (40) 136 (33) 60 (78)

p53
Negative 176 (36) 152 (37) 24 (31) 0.308

Positive 309 (64) 256 (63) 53 (69)

Definitive surgery
Conservation 368 (76) 306 (75) 62 (81) 0.299

Mastectomy 117 (24) 102 (25) 15 (19)

(Continued to the next page)
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model. We conducted a robustness analysis to validate our
model by employing the random sampling validation pro-
cedure. We randomly partitioned the data into two subsets
where the sample size was approximately 340 at a ratio of
7:3, ran each random effect logistic regression using training
set and test set, and employed receiver operating character-
istic curve analysis and calculated the area under the curve
(AUC). Using the Kaplan-Meier method to externally vali-
date our nomogram system, we generated survival curves
for breast cancer patients from 2010 to 2011. The significance
of differences in survival was tested by using the log-rank
test. All data analyses were performed using R statistical
package ver. 3.2.0 (http://r-project.org). A significance level
was set at 0.05 and all p-values reported were two-sided. 

3. Ethical statement

The project was reviewed and approved by the Asan Med-
ical Center institutional review board (20141200). Due to the
retrospective nature of the study, the requirement for infor-
med consent was waived.

Results

1. Patient characteristics

Of the 2,815 patients with pT1-3N0-1miM0, hormone 
receptor+/HER2! breast cancer included in this study, 485
patients (17%) with tumor tissue analyzed by the 21-gene
assay were used to develop the nomogram to predict a sub-

group of patients with low ODX RSs (" 25). Detailed clinical
characteristics of patients included in the discovery cohort
are shown in Table 1. The average age of subjects was 47.9
years (range, 27 to 77 years), and the average tumor size was
1.9 cm (range, 0.1 to 7.2 cm). Four hundred fifty-six cases
(94%) were invasive ductal, 18 cases were invasive lobular
(4%), and 11 cases (2%) exhibited other features. Among 11
cases, four cases were mucinous cancer, three cases were 
invasive micropapillary carcinoma, two cases were tubu-
lolobular carcinoma, one case was invasive cribriform carci-
noma, and one case was encapsulated papillary carcinoma.
Lymph-node metastasis was absent in 358 cases (74%) and
present as micrometastasis in 127 cases (26%). Patients with
pathologic stages from IA to IIIA were included and 42% of
them were at stage IA. LVI was absent in 346 cases and pres-
ent in 139 cases. Ki-67 was < 20 in 289 cases and > 20 in 196
cases. S1 Fig. shows the distribution of RSs in this study
group. The average of RSs was 18 and ranged from 0 to 72.

Table 1 also shows the characteristics of the study popula-
tion included in this analysis, in comparison with the char-
acteristics of patients with tumors associated with 0-25 RS
(low-risk cohort) and those with scores of 25-100 (high-risk
cohort). Among the 485 patients, 408 (84.1%) had a low RS
of " 25, and 77 (15.9%) had a high RS of > 25. Histologic
grade, nuclear grade, presence of lymphovascular involve-
ment, ER status, PR status, and Ki-67 were statistically rela-
ted to the RS results, but no statistical correlation was found
between the tumor size and presence of micrometastasis
with RS results. On the other hand, there was no statistically
significant difference between these two groups in histologic
type. Invasive ductal carcinomas had RSs in all risk cate-
gories, whereas all invasive lobular carcinomas were assign-
ed to the low-risk group. Mean RS increased with increasing

Cancer Res Treat. 2019;51(3):1073-1085

Table 1.  Continued

Characteristic
Total Oncotype Dx Oncotype Dx 

p-value
group score (! 25) score (> 25)

Radiotherapy

Yes 366 (76) 306 (75) 60 (78) 0.585 
No 119 (24) 102 (25) 17 (22)

Chemotherapy

Yes 80 (84) 24 (6) 56 (73) < 0.001
No 405 (16) 384 (94) 21 (27)

Anti-hormonal therapy

Yes 476 (98) 401 (98) 75 (97) 0.599a)

No 9 (2) 7 (2) 2 (3)

Values are presented as number (%). IDC, invasive ductal cancer; ILC, invasive lobular carcinoma; LVI, lymphovascular 
invasion; HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry. a)This marking was done by Fisher
exact test.
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tumor grade. All nuclear grade 1 tumors (n=12) were in the
low-risk RS category. Nuclear grade 3 tumors were spread
throughout the risk groups. 

2. Development of a prediction model

Our goals were to evaluate the association between the
ODX RS and routine clinical and pathologic measures, and
to develop a nomogram that could predict a subgroup of 

Sae Byul Lee, A Nomogram for Predicting the Oncotype DX Recurrence Score

Table 2.  Clinicopathologic characteristics of the training group and internal validation group

Characteristic Training group Validation group p-value

Total patients 340 (100) 145 (100)
Age subgroup (yr)

! 34 18 (5) 12 (8) 0.284
35-49 200 (59) 76 (52)
" 50 122 (36) 57 (40)

Stage

I 184 (54) 74 (51) 0.405
II 153 (45) 71 (49)
III 3 (1) 0 (

Tumor size (cm)

! 2 198 (58) 87 (60) 0.763
> 2 142 (42) 58 (40)

Lymph node

Negative 250 (74) 108 (75) 0.910
Positive (mic) 90 (26) 37 (25)

Histologic grade

1 21 (6) 11 (8) 0.751
2 283 (83) 121 (83)
3 36 (11) 13 (9)

Nuclear grade

1 9 (3) 3 (2) 0.751
2 294 (87) 129 (89)
3 37 (10) 13 (9)

LVI

Negative 246 (72) 99 (68) 0.382 
Positive 94 (28) 46 (32)

Estrogen receptor

< 6 20 (6) 6 (4) 0.515
" 7 320 (94) 139 (96)

Progesterone receptor

< 6 122 (36) 44 (30) 0.252
" 7 218 (64) 101 (70)

HER2 (IHC)

Negative (0 or 1+) 220 (65) 88 (61) 0.411
Equivocal (2+) 120 (35) 57 (39)

Ki-67 (%)

! 20 198 (58) 91 (63) 0.365 
> 20 142 (42) 54 (37)

p53

Negative 123 (36) 53 (37) 0.937
Positive 217 (64) 92 (63)

Values are presented as number (%). LVI, lymphovascular invasion; HER2, human epidermal growth factor receptor 2; IHC,
immunohistochemistry.
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Variable
Multivariate model

OR 95% Confidence interval p-value !-coefficient

Estrogen receptor 1.975 1.111-3.508 0.020 0.696

Progesterone receptor 1.454 1.235-1.672 < 0.001 0.378

Nuclear grade 0.348 0.139-0.878 0.025 –1.043

Lymphovascular invasion 0.383 0.182-0.804 0.011 –1.051

Ki-67 0.001 0.001-0.004 < 0.001 –7.530

Table 3. Multivariate logistic regression model

OR, odds ratio.

Fig. 1. Nomogram to predict low-risk recurrence score of Oncotype Dx. LVI, lymphovascular invasion; ER, estrogen receptor;

PR, progesterone receptor.
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Fig. 2.  Receiver operating characteristic curve (ROC) of nomogram. (A) Training dataset of 340 patients. (B) Validation
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patients with low ODX RSs (! 25), in whom addition of che-
motherapy can be avoided. We randomized the data into two
groups of randomly sampled sizes of about 340 at a ratio of
7:3 to develop nomograms. Detailed clinical characteristics
of patients included in the training cohort and validation 
cohort are shown in Table 2. There were no significant dif-
ferences in clinical characteristics between these two cohorts.

Univariate analysis revealed that histological and nuclear
grade (Ki-67, ER, and PR) and LVI were associated with low-
risk RS. Age, tumor size, lymph-node status, and HER2 sta-
tus were not associated with RS. The Ki-67 was found to
reach highest statistical significance in terms of association
with low-risk RS (data not shown). When those five factors,
excluding histologic grade, were included in multivariate
analysis, nuclear grade, Ki-67, ER, PR, and LVI were all
found to be independent predictors of low-risk RS in this
population. Histological grade was a statistically significant
variable in univariate analyses but was highly correlated
with the nuclear grade, and thus excluded from multivariate
analyses for statistical analysis stability. The odds ratio and
! coefficient associated with each significant factor in the
multivariate model are shown in Table 3: ER and PR status
were positive effect to low-risk RS, and nuclear grade, Ki-67,
and LVI were negative effect to low-risk RS. The significant
variables of the explanatory model were used to develop a
nomogram to predict low-risk RS of ODX (Fig. 1). Less than
0.1 and 0.9 or more were not displayed. The total scores for
individual patients ranged from 30 to 265. The overall pre-
dictive accuracy of the nomogram as measured by the AUC
was 0.90 (95% confidence interval [CI], 0.85 to 0.96) for the
training dataset of 340 patients, and 0.88 (95% CI, 0.83 to 0.95)
for the validation dataset of 145 patients (Fig. 2).

Table 4 shows the sensitivity, specificity, and positive and
negative predictive values according to each cutoff value. A
positive predictive value refers to the ability to predict a low-
risk RS without ODX testing. When using a probability of 90
as the cutoff value, 242 of the 249 patients (97%) with such
probabilities were predicted to be low-risk RS. The specificity
rate was also determined to investigate the clinical utility of
the nomogram. When conservatively defining a cutoff value,
the general significance level is 0.05. A cutoff value of 5% was
used, as it was important to evaluate if the nomogram could
correctly classify the patients with a low predicted probabil-
ity of low-risk RS. Among 263 patients predicted to have a
probability of low-risk RS of " 97, three patients had a high-
risk of RS; this corresponds to a 5% specificity rate.

3. Validation of nomogram in an independent cohort 

To validate the nomogram, we performed an independent
external validation study using data from a cohort of 1,202
patients from 2010 to 2011. Median follow-up time of this
group was 74 months. Table 5 shows the clinicopathologic
characteristics of the external validation cohort. In general,
distributions were similar, but the external validation group
tended to be patients with less aggressive cancer. This is 
because the group that performed ODX included many pati-
ents with more aggressive breast cancer, for whom oncolo-
gists had to make a treatment decision. Patients with lower-
stage and lower-grade cancers were more likely to be inclu-
ded in the external validation cohort than in the discovery
cohort.

Patients in the external validation cohort were classified
into low-risk and high-risk groups according to the nomo-

Sae Byul Lee, A Nomogram for Predicting the Oncotype DX Recurrence Score

Table 4.  Sensitivity, specificity, positive predictive and negative predictive values according to various cutoff values

Probability (%) Recurrence  Recurrence  Sensitivity (%) Specificity (%) PPV (%) NPV (%)score of ! 25 score of > 25
10 284 43 100 23 87 100

0 13
30 282 31 99 45 90 93

2 25
60 270 23 95 59 92 70

14 33
80 251 12 88 79 95 57

33 44
90 220 6 78 89 97 44

64 50
97 139 3 50 95 98 27

145 53

PPV, positive predictive value; NPV, negative predictive value.
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Table 5.  Clinicopathologic characteristics of the external validation group

Characteristic
Total High-risk Low-risk 

p-value
group score (< 97) score (! 97)

Total patients 1,202 (100) 673 (100) 529 (100)

Age (yr)

! 34 44 (3.7) 26 (3.9) 18 (3.4) 0.429

35-49 611 (50.8) 331 (49.1) 280 (52.9)

" 50 547 (45.5) 316 (47.0) 231 (43.7)

Tumor size (cm)

! 2 927 (77.1) 493 (73.3) 434 (82.0) < 0.001

> 2 275 (22.9) 180 (26.7) 95 (18.0)

Lymph node

Negative 1,150 (95.7) 637 (94.7) 513 (97.0) 0.049

Positive (mic) 52 (4.3) 36 (5.3) 16 (3.0)

Histologic grade

1 134 (11.1) 17 (2.5) 117 (22.1) < 0.001

2 909 (75.6) 500 (74.3) 409 (77.3)

3 159 (13.3) 156 (23.2) 3 (0.6)

Nuclear grade

1 123 (10.2) 13 (1.9) 110 (20.8) < 0.001

2 911 (75.8) 494 (73.4) 417 (78.8)

3 168 (14.0) 166 (24.7) 2 (0.4)

LVI

Negative 1,078 (89.7) 562 (83.5) 516 (97.5) < 0.001

Positive 124 (10.3) 111 (16.5) 13 (2.5)

Estrogen receptor

< 6 161 (13.4) 154 (22.9) 7 (1.3) < 0.001

" 7 1,041 (86.6) 519 (77.1) 522 (98.7)

Progesterone receptor

< 6 491 (40.8) 398 (59.1) 93 (17.6) < 0.001

" 7 711 (59.2) 275 (40.9) 436 (82.4)

HER2 (IHC)

Negative (0 or 1+) 997 (82.9) 554 (82.3) 443 (83.7) 0.514

Equivocal (2+) 205 (17.1) 119 (17.7) 86 (16.3)

Ki-67 (%)

! 20 954 (79.4) 426 (63.3) 528 (99.8) < 0.001 

> 20 248 (20.6) 247 (36.7) 1 (0.2)

Radiotherapy

No 305 (25.4) 177 (26.3) 128 (24.2) 0.471 

Yes 896 (74.5) 495 (73.6) 401 (75.8)

Unknown 1 (0.1) 1 (0.1) 0

Chemotherapy

No 920 (76.5) 483 (71.8) 437 (82.6) < 0.001

Yes 280 (23.3) 189 (28.1) 91 (17.2)

Unknown 2 (0.2) 1 (0.1) 1 (0.2)

Anti-hormonal therapy

No 26 (2.2) 13 (1.9) 13 (2.4) 0.763

Yes 896 (74.5) 500 (74.3) 396 (74.9)

Unknown 280 (23.3) 160 (23.8) 120 (22.7)

Values are presented as number (%). LVI, lymphovascular invasion; HER2, human epidermal growth factor receptor 2; IHC,

immunohistochemistry.
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gram value of 97. This cutoff of 97 is a number with a speci-
ficity of 95, as described above. In external validation cohort,
673 patients (56.0%) were in the high-risk group with < 97
points and 529 (44.0%) in the low-risk group with ! 97 points.
We assessed the impact of the nomogram on the prediction
of recurrence and distant metastasis in the validation cohort.
Kaplan-Meier analysis demonstrated that the low-risk group,
according to the nomogram, had a significantly higher prob-
ability of recurrence (p=0.001) and distant metastasis (p=0.001)

than did the high-risk group (Fig. 3). The 5-year distant
metastasis-free rates for patients with nomogram low-risk
and high-risk were 98.8% and 97.9%, respectively. This result
demonstrated that the nomogram could clearly differentiate
patients at high and low risk of distant metastasis. In the
analysis of death, there was no statistical difference between
the two groups. This is thought to be due to the fact that there
were few death events. The 5-year overall survival rate for
all patients was 99.1% (Fig. 3). However, since this external
validation group included chemotherapy-treated patients,
we performed multivariate analysis. In the multivariate
analysis of disease-free survival and distant metastasis-free
survival in patients with breast cancer, the hazard ratio in
low-risk patients with 97 or higher based on score 97 was
0.361 (p=0.033) and 0.137 (p=0.024), respectively. The score
97 was a prognostic factor for disease-free survival and dis-
tant metastasis-free survival in externally validated patients
(Table 6). Thus, we confirmed that the nomogram for pre-
dicting the ODX RS low risk can be distinguished from the
risk of recurrence even in the external cohort.

4. User-friendly implementation of the predictive model

We organized our nomogram model in a simple and intu-
itive online application, mobile application, and automatic
calculator using Microsoft Excel worksheets (Fig. 4). The 
interface allows the user to input values for ER, PR, Ki-67,
grade, and LVI. The standard output includes an estimate of
the probability that the RS exceeds the low-risk threshold of
25. As such, our algorithm seems to identify a group of 
patients for whom ODX ordering is more likely to contribute
information that is not already available using routine meas-
ures.

Discussion

The ODX testing is the most widely used breast cancer 
genomic assay in the world. This test is supported by the
American Society of Clinical Oncology and the National
Comprehensive Cancer Network in treatment of node nega-
tive, ER-positive breast cancer patients [11,12], and is 
accepted as a useful test [7,8,13,14]. Although the ODX test
has been widely implemented in the United States, it has 
become a heavy burden for many patients because of the
high cost. Because ODX testing is so expensive, this test is
currently only available in about one-third of breast cancer
patients in the United States and about 20% in Europe
[15,16]. Also, in Korea, this test is conducted only in foreign
countries, so neither the National Health Insurance nor the

Sae Byul Lee, A Nomogram for Predicting the Oncotype DX Recurrence Score

Fig. 3.  Kaplan-Meier analysis of external validation group
according to cutoff of 97. (A) Disease-free survival. (B) Dis-
tant metastasis-free survival. (C) Overall survival.
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private health insurance covers the ODX test. Therefore, the
cost of ODX test is a burden in Korea regardless of whether
breast cancer patients have private insurance or not. Several
recent studies have reported that stratification of risk is pos-
sible more cost-effectively for certain patients by predicting
ODX test results using histopathological variables from rou-
tine pathology test [17]. Clark et al. [18] and Zbytek et al. [19]
reported that ODX RSs are highly dependent on parameters
already used in routine pathological examinations. In addi-
tion, studies by Cuzick et al. [20] provide evidence that stan-
dard clinical and pathological parameters are superior to
ODX analysis in predicting patients’ prognoses [20]. This
study was performed to evaluate the ODX RS, which was
based on routine standard histologic and immunohistochem-
ical data. However, the best way to link this with clinical
practice has not yet been proven. There is no test to accu-
rately predict ODX RS, too. Nevertheless, some tools can help
you decide whether or not you should perform an ODX test.
We found that using this tool in combination with standard
histopathological and immunohistochemical parameters was
useful as an alternative to costly ODX testing for patients
who were able to predict high- or low-risk through ODX test-
ing. 

There are five variables used in our model: ER, PR, Ki-67,
grade, and LVI. These five clinicopathologic variables can be
collected through any pathologic examination and are clini-
cally established variables in predicting prognosis. In the
present study, there were consistent significant differences
for ER, PR, grade, LVI and Ki-67 between the ODX risk strat-
ification categories, but not for HER2, presence of micro-
metastases, and tumor size. This suggests that a negative or
equivocal HER2, tumor size, and presence of micrometas-
tases may have less importance in risk stratification with
ODX testing than ER, PR, grade, LVI or Ki-67. The HER2
value obtained from the ODX test performed in this study
was the same as that reported in previous studies [21]. In the

University of Tennessee Medical Center that developed a
nomogram based on the National Cancer Database (27,719
ODX tested ER+/HER2–/LN- breast cancer patients) study,
the tumor grade, PR, and LVI were found to have the same
factor. In addition, this study also found that age, tumor size,
and histological subtype as significant factors, which were
not observed in the results of our study [22]. In the present
study, age was not a significant factor; however, according
to the results of a recently published TAILORx study, the
chemotherapy benefit for invasive disease-free survival var-
ied when the RS was combined with age (p=0.004), with
some chemotherapy benefits found in women aged ! 50
years with a RS of 16-25. Therefore, additional research on
younger patients is necessary [23].

The pathologic factor most closely related to ODX RS in
the present study was Ki67 proliferation index. Williams et
al. [24] reported that the expression of Ki-67 by immunohis-
tochemistry was significantly correlated with RS, and Sahe-
bjam et al. [25] also reported a 90% chance of having a high
or intermediate ODX recurrence rate for tumors with a 
Ki-67 expression " 25%. PR was also a major predictor of a
high-risk or a low-risk ODX RS in our study Tang et al. [26]
showed a correlation between the lack of PR expression and
aggressive morphologic features, and Auerbach et al. [27]
and Chaudhary et al [28]. confirmed recent observations that
the ODX score was higher when PR was negative Clark et al.
[18], who revealed the inverse relationship between PR 
expression level and ODX RS, regardless of tumor grade, also
mentioned the importance of PR semiquantitative score. We
found that tumor grade carried the high predictive value for
a low-risk ODX score, same as previous study reported by
Gage et al. [29]. It is not surprising that this grade, which has
long been regarded by the Nottingham Prognostic Index as
an important predictor of breast cancer prognosis, has been
identified as a key predictor of the ODX score [17], which
also was recognized at the St. Gallen Consensus Conference
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Factor

DFS DMFS

HR 95% CI p-value HR 95% CI p-value

Age at diagnosis (yr) 0.946 0.913-0.979 0.002 0.965 0.917-1.015 0.162
Tumor size (! 2 cm vs. > 2 cm) 2.726 1.148-6.472 0.023 3.606 0.971-13.396 0.055
Nuclear grade (1/2 vs. 3) 0.262 0.014-4.981 0.372 0.255 0.003-22.493 0.550
ER status (< 6 vs. " 7) 1.656 0.649-4.224 0.291 2.857 0.603-13.531 0.186
PR status (< 6 vs. " 7) 0.609 0.295-1.260 0.182 0.431 0.140-1.326 0.142
Chemotherapy (no vs. yes) 2.974 1.461-6.051 0.003 4.035 1.367-11.906 0.012
Score 97 (< 97 vs. " 97) 0.361 0.141-0.920 0.033 0.137 0.025-0.767 0.024

Table 6. Multivariate analysis for DFS and DMFS

DFS, disease-free survival; DMFS, distant metastasis-free survival; HR, hazard ratio; CI, confidence interval; ER, estrogen
receptor; PR, progesterone receptor.
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in 2011 [30]. LVI was also a major predictor of low-risk ODX
recurrence in our study, but LVI in our model had little effect
on the outcome of the ODX test. Our model used 25 as a cut-
off of RS. Because the range of RSs used in trials such as TAI-
LORx and RxPONDER currently in progress is different
from the existing definition, patients with a RS of 25 or higher
were classified as receiving chemotherapy, and the patients
from 11 to 25 were randomly grouped, regarding the role of
adjuvant chemotherapy. These studies identified the optimal
cutoff values between patients in the intermediate (RS, 
11-25) or low to intermediate (RS ! 25) risk groups with 
respect to the benefits of adjuvant chemotherapy [31].

The present study has several strengths. The nomogram
produced by the study is user-friendly and available free of
any cost to the user. The information needed for the nomo-
gram is already generated by many pathology laboratories
during the initial assessment of primary breast cancer.
Pathologists and oncologists can easily calculate the expected
RS and compare the results with the actual RS, by our Micro-
soft Excel worksheets, mobile applications, and online ver-
sions. If the expected RS is evident in the high-risk or low-
risk group, the oncologist should not expect the outcome to
differ significantly from the ODX. In these cases, clinicians
can avoid using ODX. To develop a nomogram with a high
and acceptable C index (0.85-0.89), 485 patients in the original
cohort and 1,202 patients in the external validation cohort
were used, respectively. Our external validation cohort has
95% specificity cutoff value, because whether patients with
low-risk RS values can accurately be classified as low-risk
patients remains to be assessed. Among the 263 patients with
low-risk RS scores of " 97, only 3 were high risk, which was
consistent with 5% specificity. This is a valuable, large-scale
study showing that clinicopathologic variables can be used
for prediction of low-risk ODX RS using our nomogram
models.

There are some limitations in this study. First, the popula-
tion in this study was biased by the clinical selection of cases,
because of this, the proportion of cases with low to interme-
diate RSs could be higher However, the distribution of scores
observed in our study was similar that observed in commer-
cial laboratories. This results in this study show that the dis-
tribution of risk groups in this study reflects clinical practice
and supports the possibility of generalizing the findings.
Therefore, the clinical case selection bias presented in this
study may be regarded as a strength of this study because it
reflects the usefulness of the actual application and testing.
Second, the follow-up time for patients in our study (the
1,202 external validation cases were selected from 2010 to
2011) is short. Our early survival results need to be confirmed
by longer follow up. By following clinical outcomes, we hope
to verify the utility of our findings, and reinforce the impor-
tance of our nomogram. Moreover, Ki-67 measurement var-

Sae Byul Lee, A Nomogram for Predicting the Oncotype DX Recurrence Score

Fig. 4.  Nomogram model. (A) Online application. (B) 
Mobile application. (C) Automatic calculator using Micro-
soft Excel worksheets.
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ied depending on other methods used. Therefore, the differ-
ence observed when using this nomogram can influence the
decision.

Our nomogram, which predicts a low-risk ODX RS, will
be a useful tool to help select patients who may or may not
need additional ODX testing. It may also be a useful tool to
replace ODX testing for patients who cannot afford the test,
or for whom ODX testing is not available.
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Tumor Cells in Non-small Cell Lung Cancer
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Purpose
Programmed death-1 (PD-1)/PD-1 ligand (PD-L1) axis blockades have revolutionized the
treatment of advanced non-small cell lung cancer (NSCLC). We assessed the effect of plat-
inum-based chemotherapy on tumor PD-L1 expression and its clinical implications. 

Materials and Methods
We used immunohistochemistry to retrospectively evaluate the percentage of tumor cells
with membranous PD-L1 staining (tumor proportion score) in paired tumor specimens obtai-
ned before and after platinum-based neoadjuvant chemotherapy (NACT) in 86 patients with
NSCLC. We analyzed the correlation between the change in PD-L1 tumor proportion score
and clinicopathologic characteristics, response to NACT, and survival. 

Results
The PD-L1 tumor proportion score increased in a significant proportion of patients with
NSCLC after platinum-based NACT (Wilcoxon signed-rank test, p=0.002). That pattern was
consistent across clinically defined subgroups except for patients with partial response to
NACT. Tumors from 26 patients (30.2%) were PD-L1!negative before NACT but PD-L1-pos-
itive after NACT, whereas the reverse pattern occurred in six patients (7%) (McNemar’s test,
p < 0.001). Increase in PD-L1 tumor proportion score was significantly associated with lack
of response to NACT (Fisher exact test, p=0.015). There was a tendency, albeit not statisti-
cally significant, for patients with an increase in PD-L1 tumor proportion score to have
shorter survival.     

Conclusion
Tumor PD-L1 expression increased after platinum-based NACT in a significant proportion
of patients with NSCLC. Increase in tumor PD-L1 expression may predict poor clinical out-
come.

Key words
Non-small cell lung carcinoma, PD-L1, Platinum, 
Neoadjuvant therapy, Prognosis 
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Introduction

Immune checkpoint inhibitors targeting the programmed

death-1 (PD-1)/PD-1 ligand (PD-L1) axis, such as pembro-

lizumab, nivolumab, and atezolizumab, have revolutionized

the treatment of advanced non-small cell lung cancer (NSC-

LC). Anti!PD-1 or anti!PD-L1 antibodies have improved the

survival of patients with untreated advanced NSCLC or with

NSCLC after the failure of platinum-doublet chemotherapy

[1-6]. Around 20% of previously treated patients with

NSCLC respond to anti!PD-1 or anti!PD-L1 treatment with

a median response duration of 16-20 months [3-6]. Despite

long-term benefits in a subset of patients, the majority of 

unselected patients with NSCLC fail to respond to immune

checkpoint inhibitors. PD-L1 expression on tumor cells asse-

ssed by immunohistochemistry is the most commonly used

predictor of response to PD-1/PD-L1 axis inhibitors and is

approved as the only companion diagnostic test for use with

pembrolizumab therapy [7]. The tumor PD-L1 expression

level can be dynamic over the course of treatment; however,

and its predictive value is therefore limited [8-13].

Surgical resection either following (neoadjuvant) or fol-

lowed by (adjuvant) platinum-based cytotoxic chemotherapy

is currently the standard of care in operable, early-stage or

locally advanced NSCLC [14]. Platinum agents such as cis-

platin and carboplatin are the most active cytotoxic drugs

used to treat NSCLC and make up an essential component

of chemotherapeutic regimens both in the neoadjuvant or 

adjuvant setting and in the palliative setting [14]. They

mainly exert antitumor activity via the formation of plat-

inum-DNA adducts, which induces a DNA damage-recog-

nition response and cancer cell apoptosis [15]. Preclinical

evidence has provided novel insights into their mechanism

of action and suggests that modulation of the immune 

response plays a crucial role in their tumor-killing effect [16].

Importantly, platinum-mediated immunogenic cell death 

involves the downregulation of both PD-L1 and PD-L2 in

dendritic cells and PD-L2 in tumor cells, which results in 

enhanced tumor recognition by T cells [17]. Clinical trials

have shown that the immunogenic effect of platinum-based

therapy can be enhanced by combination with PD-1/PD-L1

axis inhibitors [2,18,19].

Few studies have investigated the optimal use of immu-

notherapy in patients with NSCLC who undergo surgical 

resection. In order to incorporate immunotherapy into the

treatment of those patients, it is crucial to understand the pre-

cise impact of platinum-based neoadjuvant chemotherapy

(NACT) on tumor PD-L1 expression. Little is known about

the prognostic value of PD-L1 upregulation or downregula-

tion following platinum-based chemotherapy in NSCLC.

We, therefore, carried out a retrospective study of patients

with NSCLC who were treated with platinum-based NACT

and subsequent curative lung resection to evaluate the

change in tumor PD-L1 expression patterns. We also inves-

tigated the relationships between changes in tumor PD-L1

With stage IV NSCLC (n=12)

Excluded (n=52)
- Treated with non-platinum-based NACT (n=2)
- Without sufficient amounts of paired 
   tumor specimens obtained before and 
   after NACT for IHC staining of PD-L1 (n=50)

NSCLC patients who underwent curative 
  lung resection after receiving at least 1 cycle 
  of NACT from 2003 to 2014 at SNUBH (n=138)

Analyzed for tumor PD-L1 expression 
  change after platinum-based NACT
  (landmark analysis cohort) (n=86)

Analyzed for prognostic value of tumor 
  PD-L1 upregulation after NACT 
  (survival analysis cohort) (n=74)

Fig. 1. Flow diagram of patient selection. NSCLC, non-small cell lung cancer; NACT, neoadjuvant chemotherapy; SNUBH,

Seoul National University Bundang Hospital; IHC, immunohistochemistry; PD-L1, programmed death ligand 1.
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expression upon NACT and response to chemotherapy and
survival.

Materials and Methods

1. Patient eligibility and data collection

We assessed alteration of tumor PD-L1 expression follow-
ing platinum-based NACT in patients fulfilling the following
eligibility criteria (the landmark analysis cohort): (1) had
pathologically confirmed NSCLC, (2) underwent curative
lung resection after at least one cycle of platinum-based
NACT between 2003 and 2014 at Seoul National University
Bundang Hospital (SNUBH), and (3) had paired tumor spec-
imens obtained before and after NACT that were adequate
for PD-L1 immunostaining (Fig. 1). We analyzed the prog-
nostic value of PD-L1 upregulation after platinum-based
NACT only in the subset of patients with stage I-III disease
(the survival analysis cohort). Patients with stage IV NSCLC
with limited distant metastasis (e.g., solitary brain metasta-
sis) who underwent curative surgery after platinum-based
NACT were eligible for the landmark analysis cohort but not
for the survival analysis cohort.

We obtained data regarding clinicopathologic characteris-
tics, neoadjuvant treatment, and outcomes from the patients’
medical records. We determined the stage of disease accord-
ing to the seventh edition of the American Joint Committee
on Cancer staging guideline after reviewing the patients’
clinical records, radiographic images and reports, and patho-
logy reports [20]. We determined dates of death either from
medical records or through direct contact with the patients
or their family.

2. Immunohistochemical staining for PD-L1

We performed immunostaining with antibodies targeting
PD-L1 (E1L3N, 1:50, Cell Signaling Technology, Danvers,
MA) on tissue slides using the Ventana BenchMark XT auto-
stainer (Ventana Medical Systems, Tucson, AZ) with the 
ultraView Universal DAB kit (Ventana Medical Systems) 
according to the manufacturer’s standard recommendations.
Experienced pathologists (J.H.C. and K.S.L.) determined the
percentage of tumor cells with membranous PD-L1 staining
of any intensity (tumor proportion score) and grouped the
scores into four categories based on cutoffs used in previous
studies (0, < 1%; 1, 1%-5%; 2, 5%-50%; and 3, ! 50%) [6,21,22].

3. Statistical analysis

We analyzed categorical variables using either chi-square
tests or Fisher exact tests, as appropriate. We used Student’s
t tests to compare continuous variables. We analyzed the
change in the distribution of PD-L1 tumor proportion scores
following NACT using the Wilcoxon signed-rank test. We
assessed the change in the proportion of patients that were
nominally positive for tumor PD-L1 expression by McNe-
mar’s test, using a tumor proportion score of 1% as the cutoff
for tumor PD-L1 positivity. We defined disease-free survival
(DFS) as the time from surgery to recurrence or death from
any cause, whichever came first. We defined overall survival
(OS) as the interval from surgery to death from any cause.
For estimation of DFS, we censored patients who were dis-
ease-free and alive or lost to follow-up at the time of the last
assessment of disease status. For estimation of OS, we cen-
sored patients who were alive or lost to follow-up on the date
of the last follow-up. We calculated DFS and OS using the
Kaplan-Meier method and tested for between-group differ-
ences using log-rank tests. We tested if PD-L1 upregulation
following NACT had an independent prognostic value using
Cox proportional hazards regression models adjusted for
combinations of patient age at the time of surgery, pretreat-
ment clinical stage, pathologic N category, and pre-NACT or
post-NACT tumor proportion scores.

All tests were two-tailed. We considered p-values < 0.05
to be statistically significant. We performed all statistical
analyses using R software, ver. 3.5.0 (R Foundation for Sta-
tistical Computing, Vienna, Austria).

4. Ethical statement

The institutional review board at SNUBH reviewed and
approved the study protocol (approval number: B-1612-375-
301). Patient consent was waived because of the retrospective
nature of the study and lack of patient interaction. All study
procedures including data collection and analyses were car-
ried out in accordance with the ethical standards of the
Helsinki declaration (revised 2013; World Medical Associa-
tion).

Results

1. Patient characteristics

A total of 86 patients met the criteria for the landmark
analysis cohort (Fig. 1). Among those, 12 patients had stage
IV NSCLC and were therefore excluded from the survival
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analysis cohort. The patient characteristics for each cohort

are summarized in Table 1. A majority of patients were male

and current or former smokers, had squamous cell carci-

noma, and received at least two cycles of platinum-based

NACT; only three (3.5%) and two (2.7%) patients received

one cycle of NACT in the landmark analysis cohort and the

survival analysis cohort, respectively. Cisplatin was used in

78 patients (90.7%) in the landmark analysis cohort and 67

patients (90.5%) in the survival analysis cohort, while the 

remaining patients received carboplatin in combination with

paclitaxel. Neoadjuvant radiotherapy was combined either

sequentially or concurrently with NACT in less than 10% of

the patients in both cohorts. Approximately half of the pati-

ents in both cohorts achieved partial response (PR) to NACT

according to the Response Evaluation Criteria in Solid 

Tumors, ver. 1.1 [23].

Table 1.  Patient characteristics

Characteristic Landmark analysis cohort (n=86) Survival analysis cohort (n=74)

Age at surgery (yr) 62 (37-79) 62 (37-79)

Sex

Male 70 (81.4) 63 (85.1)

Female 16 (18.6) 11 (14.9)

Smoking history

Never-smoker 11 (12.8) 7 (9.5)

Current or former smoker 75 (87.2) 67 (90.5)

Histologic diagnosis

Adenocarcinoma 27 (31.4) 17 (23.0)

Squamous cell carcinoma 53 (61.6) 51 (68.9)

Othersa) 6 (7.0) 6 (8.1)

Pretreatment clinical stage

I-II 22 (25.6) 22 (29.7)

IIIA 40 (46.5) 40 (54.1)

IIIB 12 (14.0) 12 (16.2)

IV 12 (14.0)b) 0 (

Pathologic T category

ypT1-2 57 (66.3) 48 (64.9)

ypT3-4 29 (33.7) 26 (35.1)

Pathologic N category

ypN0 24 (27.9) 23 (31.1)

ypN1-3 62 (72.1) 51 (68.9)

Neoadjuvant treatment category

NACT only 81 (94.2) 70 (94.6)

Chemoradiation (sequential or concurrent) 5 (5.8) 4 (5.4)

NACT regimen

Gemcitabine plus platinum 58 (67.4) 52 (70.3)

Taxane plus platinum 24 (27.9) 21 (28.4)

Othersc) 4 (4.7) 1 (1.4)

Best objective response to NACT

PR 45 (52.3) 42 (56.8)

SD 41 (47.7) 32 (43.2)

Values are presented as median (range) or number (%). NACT, neoadjuvant chemotherapy; PR, partial response; SD, stable

disease. a)Other histologic subtypes include large cell carcinoma (n=3), adenosquamous carcinoma (n=1), pleomorphic car-

cinoma (n=1), and sarcomatoid carcinoma (n=1), b)Sites of distant metastases include brain (n=5), pleura (n=4), contralateral

lung (n=2), and rib (n=1), c)Other NACT regimens include pemetrexed plus platinum (n=2), etoposide plus platinum (n=1),

and unknown regimen (n=1) in the landmark analysis cohort, and etoposide plus platinum (n=1) in the survival analysis

cohort.
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Fig. 2.  Distribution of programmed death ligand 1 (PD-L1) tumor proportion score before and after neoadjuvant chemother-

apy (NACT) in the landmark analysis cohort (A). Subgroup analyses of males (B), females (C), never-smokers (D), current

or former smokers (E), adenocarcinoma (F), squamous cell carcinoma (G), patients who received NACT without radiotherapy

(H), gemcitabine-platinum (I), taxane-platinum (J), patients with partial response to NACT (K), and patients with stable dis-

ease (L). Numbers in bar plots indicate the number of patients included in each PD-L1 tumor proportion score category. 
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2. Change in tumor PD-L1 expression following platinum-
based NACT

Before treatment, 41 (47.7%), 16 (18.6%), 19 (22.1%), and 10

(11.6%) patients were in the PD-L1 tumor proportion score

ranges of < 1%, 1%-5%, 5%-50%, and ! 50%, respectively, in

the landmark analysis cohort. The overall proportion of 

patients with positive tumor PD-L1 expression increased sig-

nificantly after treatment with platinum-based NACT (45/86

[52.3%] before NACT vs. 65/86 [75.6%] after NACT; p=0.002)

(Fig. 2A). That trend was consistent across subgroups strati-

fied by sex, smoking history, histologic subtype, neoadjuvant

treatment category, NACT regimen, and response to NACT

(Fig. 2B-L), except for the subgroup of patients that achieved

PR to NACT (Fig. 2K). The distributions of pre-NACT and

post-NACT PD-L1 tumor proportion scores differed signifi-

cantly within most subgroups, although they were only mar-

ginally different among males (Fig. 2B) and patients treated

with taxane-platinum regimens (Fig. 2J). Notably, 26 patients

were negative for tumor PD-L1 expression (tumor propor-

tion score < 1%) before NACT and positive for tumor PD-L1

expression (tumor proportion score ! 1%) after NACT,

whereas only six patients (7%) exhibited the reverse pattern

(p < 0.001). Overall, 34 (39.5%), 12 (14%), and 40 (46.5%) 

patients showed an increased, decreased, or unchanged 

PD-L1 tumor proportion score following NACT, respectively

(Fig. 3).

To assess the clinicopathologic characteristics associated

with PD-L1 upregulation following NACT, we divided the

patients into two groups based on the change in PD-L1

tumor proportion score following NACT. The ‘upward’

group included patients whose PD-L1 tumor proportion

score increased after NACT. The ‘unchanged or downward’

group included the remaining patients. Comparison of the

two groups indicated that the response to NACT was signif-

icantly correlated with the direction of change in PD-L1

tumor proportion score (p=0.015); patients who did not 

respond to NACT were twice as likely to show an upward

change in PD-L1 tumor proportion score than those who

achieved PR (Table 2). That result is in line with the results

in Fig. 2K and L, which show that the proportion of tumor

cells expressing PD-L1 increased after NACT only in tumors

from patients who did not respond to NACT.

3. Prognostic impact of tumor PD-L1 upregulation follow-
ing platinum-based NACT

During a median follow-up of 7.3 years in the survival

analysis cohort, 47 patients (63.5%) experienced disease recu-

rrence and 41 patients (55.4%) died. DFS did not differ sig-

nificantly between patients with increased PD-L1 tumor

proportion score following NACT and those with unchanged

or decreased PD-L1 tumor proportion score following NACT

(median DFS, 11.8 months vs. 12 months) (Fig. 4A). Similarly,

OS also did not differ significantly between the two groups

(median OS, 3.8 years vs. 7.7 years) (Fig. 4B). Those results

were consistent with multivariable Cox models adjusted for

predefined sets of variables (Table 3). After adjustment, 

Fig. 3.  Representative immunohistochemical staining patterns of programmed death ligand 1 (PD-L1) in tumor specimens.

(A, D) PD-L1 tumor proportion score ! 50% before (A) and after (D) neoadjuvant chemotherapy (NACT). (B, E) PD-L1 tumor

proportion score ! 50% before (B) and < 1% after (E) NACT. (C, F) PD-L1 tumor proportion score < 1% before (C) and ! 50%

after (F) NACT (A-F, "200).

Before NACT

After NACT

A B

E FD

C
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PD-L1 upregulation following NACT was not significantly

associated with increased or decreased DFS and OS; how-

ever, visual inspection of the survival curves and the results

of the multivariable Cox models indicated a trend toward

poorer OS in patients whose PD-L1 tumor proportion score

increased. That tendency was consistent across subgroups

defined by sex, smoking history, histologic diagnosis, pre-

treatment clinical stage, pathologic T category assessed at

surgery, NACT regimen, and response to NACT. The hazard

ratio for death was less than one only in patients who recei-

ved taxane-platinum combination therapy (Fig. 5). 

Discussion

We found that the PD-L1 tumor proportion score increased

in a significant proportion of patients with NSCLC after

treatment with platinum-based NACT. That pattern of chan-

ge in tumor PD-L1 expression was consistent across clinically

defined subgroups, except for the patients who achieved PR

to NACT. Almost one-third of all the patients were negative

for PD-L1 expression before NACT but positive for PD-L1

expression after NACT, based on a cutoff PD-L1 tumor pro-

portion score of 1%, which is currently approved as an indi-

cation for pembrolizumab therapy after the failure of plati-

num-based doublet chemotherapy [3,14]. That result implies

that the tumor PD-L1 expression level should be reassessed

after platinum-based chemotherapy for appropriate selection

Table 2.  Direction of change in PD-L1 tumor proportion score following NACT in relation to clinicopathologic characteris-

tics

Clinicopathologic variable
Unchanged  or downward Upward

p-value
(n=52) (n=34)

Age at surgery (yr) 62.5 (37-76) 61 (38-79) 0.572

Sex

Male 46 (88.5) 24 (70.6) 0.049

Female 6 (11.5) 10 (29.4)

Smoking history

Never-smoker 5 (9.6) 6 (17.6) 0.331

Current or former smoker 47 (90.4) 28 (82.4)

Histological diagnosis

Adenocarcinoma 17 (32.7) 10 (29.4) 0.476

Squamous cell carcinoma 30 (57.7) 23 (67.6)

Others 5 (9.6) 1 (2.9)

Pretreatment clinical stage

I-II 11 (21.2) 11 (32.4) 0.314

III-IV 41 (78.8) 23 (67.6)

Pathologic T category

ypT1-2 36 (69.2) 21 (61.8) 0.493

ypT3-4 16 (30.8) 13 (38.2)

Pathologic N category

ypN0 14 (26.9) 10 (29.4) 0.811

ypN1-3 38 (73.1) 24 (70.6)

NACT regimen

Gemcitabine plus platinum 36 (69.2) 22 (64.7) 0.644

Taxane plus platinum 13 (25.0) 11 (32.4)

Others 3 (5.8) 1 (2.9)

Best objective response to NACT

PR 33 (63.5) 12 (35.3) 0.015

SD 19 (36.5) 22 (64.7)

Values are presented as median (range) or number (%). PD-L1, programmed death ligand 1; NACT, neoadjuvant chemother-

apy; PR, partial response; SD, stable disease. 
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of immunotherapy candidates. It also may support the 

design of clinical trials that incorporate PD-1/PD-L1 axis 

inhibitors into the treatment of patients with early-stage

NSCLC.

A few retrospective studies recently investigated the alter-

ation of tumor PD-L1 expression in patients with NSCLC

who received platinum-based NACT (with or without radio-

therapy) [9-13]. Those studies assessed much smaller num-

bers of paired tumor specimens than our study, or they

focused only on a specific histologic subtype and therefore

produced conflicting results. It is possible that tumor cells

with PD-L1 downregulation as a result of exposure to plat-

inum agents might undergo enhanced immune clearance, 

resulting in enrichment of PD-L1!upregulated tumor cells

in post-NACT tumor specimens. Indeed, our findings are

consistent with the results of previous studies [8,11,13], 

although the small cohort size warrants confirmation in a

larger cohort.

The predictive or prognostic value of tumor PD-L1 expres-

sion is an area of debate [24-28]. In our study, patients with

increased PD-L1 tumor proportion score following platinum-

based NACT had worse response to chemotherapy and

tended to live for a shorter time than patients with unchan-

ged or downregulated tumor PD-L1 expression, although the

differences in prognosis were not statistically significant.

Similarly, results from previous studies indicated that 

Fig. 4.  Disease-free survival (A) and overall survival (B) according to the direction of change in programmed death ligand

1 (PD-L1) tumor proportion score following platinum-based neoadjuvant chemotherapy (NACT). HR, hazard ratio; CI, con-

fidence interval.

A
PD-L1 decreased or did not change after NACT
PD-L1 increased after NACT

HR (95% CI)=1.17 (0.69-1.98)
p=0.572
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Model
Disease-free survival Overall survival

HR (95% CI) p-value HR (95% CI) p-value
Model 1a) 1.17 (0.67-2.03) 0.578 1.69 (0.89-3.22) 0.111

Model 2b) 1.32 (0.73-2.39) 0.366 1.60 (0.80-3.18) 0.182

Model 3c) 0.89 (0.46-1.70) 0.718 1.53 (0.69-3.38) 0.290

Table 3. Prognostic impact of PD-L1 upregulation (versus no change or downregulation) following platinum-based NACT

PD-L1, programmed death ligand 1; NACT, neoadjuvant chemotherapy; HR, hazard ratio; CI, confidence interval. a)Model

1 is adjusted for age (! 65 vs. < 65), pretreatment clinical stage (I-II vs. III), and pathologic N category (ypN0 vs. ypN1 vs.

ypN2 vs. ypN3), b)Model 2 is adjusted for age (! 65 vs. < 65), pretreatment clinical stage (I-II vs. III), pathologic N category

(ypN0 vs. ypN1 vs. ypN2 vs. ypN3), and pre-NACT PD-L1 tumor proportion score (< 1% vs. 1%-50% vs. ! 50%), c)Model 3

is adjusted for age (! 65 vs. < 65), pretreatment clinical stage (I-II vs. III), pathologic N category (ypN0 vs. ypN1 vs. ypN2 vs.

ypN3), and post-NACT PD-L1 tumor proportion score (< 1% vs. 1-50% vs. ! 50%).
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increased tumor PD-L1 expression following NACT was 
associated with poor response to chemotherapy and poor
survival [9,10,13]. That, along with the frequent upregulation
of tumor PD-L1 expression following platinum-based che-
motherapy, suggests that patients with operable, early-stage
or locally advanced NSCLC may benefit from postoperative
PD-1/PD-L1 axis-inhibitor therapy after completion of stan-
dard neoadjuvant or adjuvant chemotherapy. The ongoing
EORTC-ETOP phase 3 trial may confirm the validity of that
hypothesis [29].

Our study has limitations. First and most importantly, the
small numbers of patients included in the study cohorts lim-

ited the statistical power. Although we observed a consistent
tendency toward shorter survival in patients with an upward
change in tumor PD-L1 expression, the trend did not reach
statistical significance. Additionally, the pre-NACT speci-
mens were mostly obtained by percutaneous or transbron-
chial lung biopsy, whereas the post-NACT specimens were
obtained by surgical resection. Therefore, there might be a
systematic difference in measured tumor PD-L1 expression
caused by a discrepancy in tissue acquisition techniques.
Lastly, the study cohorts represented a heterogeneous pati-
ent population with various histologic subtypes and clinical
stages. For that reason, most of the subgroups included only

Fig. 5.  Subgroup analyses of the prognostic value of increased (versus unchanged or decreased) programmed death ligand
1 tumor proportion score following platinum-based neoadjuvant chemotherapy (NACT) for disease-free survival (A) and
overall survival (B). Note that subgroups with less than 10 patients are omitted. The vertical dashed line indicates the hazard
ratio (HR) for all patients in the survival analysis cohort. CI, confidence interval; PR, partial response; SD, stable disease.
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a small number of patients, which made it difficult to draw
reliable conclusions from the subgroup analyses.

In summary, using matched pre-NACT and post-NACT
tumor specimens obtained from patients with NSCLC, we
demonstrated that the proportion of tumor cells expressing
PD-L1 tended to increase after platinum-based chemother-
apy, regardless of clinical characteristics and pathologic sub-
types. The patients whose PD-L1 tumor proportion score
increased following NACT tended to have poorer chemo-
therapy response and OS than patients whose PD-L1 tumor
proportion score decreased or was unchanged. Our findings
emphasize the need for reassessment of tumor PD-L1 expres-
sion after platinum-based chemotherapy and the potential
benefit of postoperative PD-1/PD-L1 checkpoint inhibitor
treatment for patients with operable NSCLC who undergo
platinum-based neoadjuvant or adjuvant chemotherapy. 
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Patient and Care Delays of Breast Cancer in China
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Purpose

This study differentiates patient and care delays of breast cancer and explores the related

factors as well as the associations with the prognosis in Guangzhou, a southern city of China.  

Materials and Methods

A cohort of female incident breast cancer patients (n=1,551) was recruited from October

2008 to March 2012 and followed up until January 1, 2016 (n=1,374) in the affiliated hos-

pitals of Sun Yat-sen University. The factors associated with patient and care delays were

analyzed with multivariable logistic models. Cox proportional hazards regression models

were constructed to estimate the impacts of the delays on the prognosis. 

Results

There were 40.4% patient delay (! 3 months) and 15.5% care delay (! 1 month). The patient

delay, but not the care delay, was significantly related to the clinical stage and consequently

worsened the prognosis of breast cancer (hazard ratio, 1.45; 95% confidence interval, 1.09

to 1.91 for progression-free survival). The factors related to an increased patient delay 

included premenopausal status, history of benign breast disease, and less physical exam-

ination.   

Conclusion

Patient delay was the main type of delay in Guangzhou and resulted in higher clinical stage

and poor prognosis of breast cancer. Screening for breast cancer among premenopausal

women may be an effective way to reduce this delay.

Key words
Breast neoplasms, Patient delay, Care delay, Related factors, 

Prognosis

Yue-Lin Li, MD1

Ya-Chao Qin, MS1

Lu-Ying Tang, MD2

Yu-Huang Liao, MS1

Wei Zhang, MS1

Xiao-Ming Xie, MD, PhD3

Qiang Liu, MD, PhD4

Ying Lin, MD, PhD5

Ze-Fang Ren, MD, PhD1

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

Correspondence: Ze-Fang Ren, MD, PhD
Department of Statistics and Epidemiology,
School of Public Health, Sun Yat-sen University,
74 Zhongshan 2nd Rd, Guangzhou 510080, China
Tel: 86-2087332577 
Fax: 86-2087330678 
E-mail: renzef@mail.sysu.edu.cn

Received  July 2, 2018
Accepted  November 3, 2018
Published Online  November 6, 2018

*Yue-Lin Li and Ya-Chao Qin contributed
equally to this work.

1Department of Statistics and Epidemiology,
School of Public Health, Sun Yat-sen 
University, Guangzhou, 2Department 
of Pathology, Third A!liated Hospital, 
Sun Yat-sen University, Guangzhou, 
3Department of Breast Oncology, 
Sun Yat-sen University Cancer Center,
Guangzhou, 4Breast Tumor Center, 
Second A!liated Hospital, Sun Yat-sen 
University, Guangzhou, 5Department of
Breast and Thyroid Surgery, First A!liated
Hospital, Sun Yat-sen University,
Guangzhou, China



VOLUME 51 NUMBER 3 JULY 2019  1099

Introduction

Breast cancer is one of the major health concerns for 
females in the world. Delaying diagnosis or treatment is
likely to result in tumor progression and worse prognosis.
The delays were usually divided into patient delay (the 
period from first onset of symptoms or signs to first medical
consultation) and care delay (the period from first consulta-
tion to definite treatment) [1]. These two types of delays 
resulted in divergent consequences: patient delay was con-
sistently found to be associated with a higher clinical stage
and a lower survival rate [2,3], while the effects of care delay
were complex and obscure [4-9]. However, these studies
were mostly conducted in developed countries. It was known
that people in developed areas had more knowledge of
breast cancer and would have a shorter patient delay, while
they may have a longer care delay due to the outpatient 
appointment system [10]. In China and some other develop-
ing areas, contrarily, people had relatively poor knowledge
of breast cancer and may have a longer patient delay, while
patients would be diagnosed and treated efficiently once
they sought medical consultation [11,12]. 

There was one related study in China [13], but the patient
and care delays were not separated and it was unable to com-
pare the delays with other studies. Moreover, the factors pre-
dicting delay in this previous study did not include socioe-
conomic status which was the important predictors of patient
and care delays [14,15]. Moreover, that study did not con-
sider estrogen receptor (ER), progesterone receptor (PR), and
human epidermal growth factor receptor 2 (HER2), which
are key clinicopathologic characteristics for prognosis of
breast cancer.

We therefore conducted a follow-up study using a breast
cancer population in Guangzhou, China (GZBCS), in order
to (1) obtain the incidences of both patient and care delays;
(2) explore the factors affecting the two delays; (3) examine
the relationships between the delays and clinicopathologic
features; and (4) evaluate the associations of the delays with
the prognosis of breast cancer. 

Materials and Methods

1. Study population 

A total of 1,551 female patients pathologically diagnosed
with incident primary breast cancer were recruited from the
First and the Second Affiliated Hospitals and the Cancer
Center of Sun Yat-sen University in Guangzhou, China, from

October 2008 to March 2012. Women with a history of any
cancers were excluded. 

2. Data collection and variable definitions 

The demographic data were obtained through face to face
interview by trained interviewers using a structured ques-
tionnaire, including age, education, residential status, family
monthly income, menopausal status, age at menarche, comor-
bidities, history of breast disease/pregnant/parity, family
history of breast cancer, history of night shift, and health 
examination. Height and weight were measured by the
nurses upon admission to the hospital. Clinical characteris-
tics of breast cancer patients were collected from medical
records and pathological reports. The statuses of ER, PR, and
HER2 of breast cancer tissues were determined by patholo-
gists using immunohistochemical tests. The definitions of ER,
PR, and HER2 statuses were previously described in detail
[16]. The information about the initial sign or symptom and
the corresponding time was also achieved by reviewing the
medical records. The first sign or symptom included “self-
detected” (the patient or a family member/friend detected a
lump, nipple change, or other breast abnormity), “exam-
detected” (a health care provider detected an abnormality),
“imaging-detected” (a mammogram, breast magnetic reso-
nance image, or other imaging test indicated an abnormal-
ity). We defined patient delay as at least 3 months from either
the first sign or symptom to seeking medical attention and
care delay as at least 1 month from seeking medical attention
to receiving therapy. There were 1,433 and 1,417 patients
who had successfully been collected the information about

Baseline 
(October 1, 2008-March 1, 2012)

(n=1,551)

Patient delay
(n=1,433)

Care delay
(n=1,417)

n=1,374
(January 31, 2016)

n=1,283 n=1,269

Follow-up 

Fig. 1. Patient numbers in baseline and successfully fol-
low-up corresponding to patient and care delays. 
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patient delay and care delay, respectively (Fig. 1).

3. Follow-up 

The patients were followed up at least every 3 months dur-
ing the first year and every 6 months during the second and
the third year after treatment; thereafter, patients were fol-
lowed up once every year until death or January 31, 2016.
The means of follow-up included outpatient visit, phone call,
and correspondence. The median follow-up duration was
57.3 months. The follow-up data were obtained from 1,374
breast cancer patients (patients delay 1,283 [89.5%], care
delay 1,269 [89.6%]) (Fig. 1). The primary endpoint for this
study was overall survival (OS), defined as the time from 
diagnosis until death; the patients still alive have been cen-
sored at their latest date of follow-up. The second endpoint
was progression-free survival (PFS), calculated from diagno-
sis to the date of progression (including recurrence, metas-
tasis, or death); the patients still alive without progression
have been censored at the latest date of their follow-up.

4. Statistical analysis 

To evaluate the possible predictors influencing patient and
care delays of breast cancer, we conducted univariate and
multivariate analyses with each of explanatory variables, 
including age, education, residence, family monthly income,
menopausal status, age at menarche, pregnancy, parity,
breastfeeding, body mass index (BMI), family history of
breast cancer, history of benign breast disease, comorbidities,
physical examination. Potential confounders were brought
into the multivariate logistic analyses. The associations 
between delays and clinicopathologic features of breast can-
cer, such as clinical stage, ER, PR, and HER2 status, were also
assessed using the same models. Odds ratios (ORs) and 95%
confidence intervals (CIs) were estimated to evaluate these
relationships.

We assessed the associations of patient/care delays with
the prognosis using the Cox proportional hazards model 

adjusted for the potential confounders, including age, edu-
cation, BMI, family history of breast cancer, clinical stage, ER
status, and HER2 status. A sensitivity analysis was per-
formed by including or excluding clinical stage or ER status
in the model. Hazard ratios (HRs) and 95% CIs were esti-
mated to assess the associations. All statistical tests were two-
tailed with p < 0.05 considered to be significant. All the
analyses above were conducted by SPSS Statistics software,
ver. 23.0 (IBM Corp., Armonk, NY).

5. Ethical statement

All patients were asked to provide informed consent 
before inclusion. The study was approved by the Ethical
Committee of the School of Public Health in Sun Yat-sen Uni-
versity.

Results

1. Patterns of delays 

The initial signs or symptoms for the majority of the pati-
ents (93.6%) were self-detected breast abnormity, and a few
patients were exam-detected (5.6%) or imaging-detected
(0.8%). Forty percent of the women had > 3 months of patient
delay, and the median time was 2 months (25th to 75th per-
centile, 0.5 to 10.0 months). Only 15.5% of the women had 
> 1 month of care delay and the median time was 0.37
months (25th to 75th percentile, 0.20 to 0.67 months). The per-
centage of patients experiencing the total delay (a combina-
tion of patient and care delays) of longer than 1, 3, and 6
months were 75.1%, 51.0%, and 37.4%, respectively; the 
median time was 3.18 months (25th to 75th percentile, 1.07
to 12.17 months). The details of the delays were shown in
Table 1.

Table 1.  Types of the delays of breast cancer and the rates in Guangzhou, China

Type of delay Total No. of  > 1 Month > 3 Months > 6 Months Delay (mo)responding patients
Patient delay 1,433 812 (56.6) 579 (40.4) 401 (28.0) 2.00 (0.50-10.00)
Care delay 1,417 222 (15.5) 80 (5.6) 49 (3.5) 0.37 (0.20-0.67)
Consultation-diagnosis 1,421 144 (10.0) 66 (4.6) 45 (3.2) 0.17 (0.07-0.37)
Diagnosis-therapy 1,427 41 (2.9) 10 (0.7) 3 (0.2) 0.13 (0.00-0.33)
Total delay 1,416 1,077 (75.1) 732 (51.0) 536 (37.4) 3.18 (1.07-12.17)

Values are presented as number (%) or median (25th to 75th percentile).

Cancer Res Treat. 2019;51(3):1098-1106
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2. Factors associated with patient and care delays  

The associations of demographic characteristics with pati-
ent or care delays were shown in S1 Table. Compared to pre-
menopausal women, postmenopausal women were less
likely to experience patient delay (OR, 0.65; 95% CI, 0.44 to
0.97). Age seemed not impact on patient delay, but it was sig-
nificantly related to care delay and the women of 41-60 years
and ! 61 years had a shorter care delay compared with those
aged " 40 years (OR, 0.60; 95% CI, 0.41 to 0.88 and OR, 0.50;
95% CI, 0.25 to 1.01, respectively). We did not find any asso-
ciation between other demographic factors and breast cancer
delays.

Meanwhile, patient delay but not care delay was associ-
ated with history/awareness of diseases as shown in Table 2.
Women without a history of benign breast disease had a 
decreased risk of patient delay compared to those with the
history (OR, 0.68; 95% CI, 0.52 to 0.89). Women without a his-
tory of physical examination were more prone to experience
patient delay (OR, 1.38; 95% CI, 1.04 to 1.83). 

We further investigated the relationships between pati-
ent/care delays and clinicopathologic features as shown in
Table 3. The women with clinical stage I, II, and III-IV repor-
ted 28.5%, 40.5%, and 54.9% of patient delay, respectively.
Compared to the patients with stage I, the patients with stage
II and III-IV had significant increased risks of patient delay
(OR, 1.71; 95% CI, 1.30 to 2.24 and OR, 3.05; 95% CI, 2.19 to
4.24, respectively). There was also a possible connection 
between patient delay and positivity of ER (OR, 1.46; 95% CI,
1.12 to 1.90) or PR (OR, 1.53; 95% CI, 1.20 to 1.96).

3. Associations of patient and care delays with prognosis 

We firstly assessed the relationships of demographic and
clinicopathologic characteristics with breast cancer outcomes
(S1 Table), so as to determine the potential confounders for
the analysis of association between patient or care delay and
the prognosis of breast cancer. Considering that clinical stage
and hormone status may act as intermediate variables bet-
ween delays and breast cancer prognosis, sensitivity analyses
were conducted as shown in Table 4. Before adjustment for
clinical stage and ER status, patient delay was significantly
associated with a shorter OS and PFS (OS: HR, 1.36; 95% CI,
0.95 to 1.95 and PFS: HR, 1.43; 95% CI, 1.09 to 1.87); after 
adjusted for ER status, the associations stayed almost the
same. However, these associations disappeared when 
adjusted for clinical stage (OS: HR, 1.17; 95% CI, 0.79 to 1.72
and PFS: HR, 1.19; 95% CI, 0.89 to 1.59) or both ER status and
clinical stage (OS: HR, 1.11; 95% CI, 0.75 to 1.66 and PFS: HR,
1.17; 95% CI, 0.87 to 1.98). For care delay, there was no sig-
nificant association with breast cancer prognosis for either
OS or PFS.

Discussion

In the present study, we differentiated the two types of 
delays for breast cancer in mainland China for the first time
and found that patient delay was more often than care delay

Table 4.  Associations of patient and care delays with breast cancer prognosis

Prognosis Delay No. (%) HRa) (95% CI) HRb) (95% CI) HRc) (95% CI) HRd) (95% CI)

Death Patient delay
No 70 (9.2) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Yes 65 (12.4) 1.36 (0.95-1.95) 1.43 (0.98-2.07) 1.17 (0.79-1.72) 1.11 (0.75-1.66)

Care delay
No 114 (10.6) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Yes 19 (9.7) 0.92 (0.55-1.54) 0.95 (0.56-1.61) 0.85 (0.49-1.47) 0.93 (0.53-1.61)

Disease Patient delay
progression

No 118 (15.6) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Yes 115 (21.9) 1.43 (1.09-1.87) 1.45 (1.09-1.91) 1.19 (0.89-1.59) 1.17 (0.87-1.57)

Care delay
No 188 (17.5) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Yes 42 (21.5) 1.33 (0.94-1.89) 1.38 (0.97-1.97) 1.30 (0.91-1.87) 1.37 (0.95-1.98)

a)Adjusted for age, education, body mass index (BMI), and menopausal status, b)Adjusted for age, education, BMI, menopausal
status, and estrogen receptor (ER) status, c)Adjusted for age, education, BMI, menopausal status, and clinical stage, d)Adjusted
for age, education, BMI, menopausal status, ER status, and clinical stage.
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relatively to Western countries. The incidence of patient

delay (! 3 months) found in the present study (40.4%) was

much higher than that in America (17%) [17] and Germany

(18%) [18], while the incidence of care delay (! 3 months) in

the present study (5.6%) was lower than that in America

(12%) [8,17] and Germany (11%) [4]. This disparity may be

able to explain the fact, at least to some extent, that the pro-

portion of clinical stage I among the diagnosed breast cancer

patients was around 30% (year 2005-2007) in China, while

this proportion was 45% in America during the same period

[19]. This fact was also supported by another result from the

current study that the majority (93.6%) of breast cancer sub-

jects detected the initial signs or symptoms by themselves,

while only 5.6% of the patients were exam-detected and 0.8%

of them were imaging-detected, strongly indicating that

there was an insufficiency of early screening of breast cancer. 

The delay rates seemed vary in developing countries. For

example, the median patient and care intervals were 60.5 and

52.5 days (more than 50% of patient and care delay as 

defined in the present study), respectively, in Mexico City

[20]; almost half the women with breast cancer experienced

patient delay (> 3 months) in a India rural area [21]; the pati-

ent delay (> 3 months) rate was 32.2% and more than half the

patients had care delay (> 1 month) in Jordon [22]. Inconsis-

tent specifications of delay types and small samples (around

300 patients, which was apt to unstable results) were proba-

bly the main reasons for the differences. The total delay (> 30

days) rates from the only previous study in China (60.4%)

and the present study (51.0%) (Table 1) were roughly com-

parable. In addition, interestingly, a previous study showed

that patients who had breast cancer had a significantly

shorter delay (average, 47.5 days) than those who had a 

benign breast disease (average, 78.6 days) [23]; unfortu-

nately, there was no similar data in the present study for

comparison. 

We confirmed that patient delay was associated with 

advanced clinical stages and poor outcomes of breast cancer,

which was intuitive and plausible and consistent with the 

result in a previous Meta-analysis with more than 100 thou-

sand subjects [2]. As for care delay, we found no significant

association with either clinical characteristics or prognosis of

breast cancer, which was consistent with the results from the

studies by Yoo et al. [5], Brazda et al. [6], and Mujar et al. [7].

This phenomenon may be explained by that the care delay

was not long enough to have detrimental effects on the clin-

ical characteristics and survival [24]. It was proposed that

very ill patients tended to have the prior medical feedback

with a short delay, but their prognosis was always worse

[18]; once the patient saw the doctor, further delay might not

adversely affect the outcomes, because doctors were able to

distinguish between more or less aggressive malignancies

[25,26]. However, some previous studies did find association

between long care delay and worse prognosis of breast can-

cer [8,9]. The reasons of the inconsistency varied, and the 

inaccuracy of the delay information, such as from cancer reg-

istry database, might be the important one [5].

We further found patient delay was associated with pre-

menopausal status, history of benign breast disease, and less

physical examination, which was consistent with the results

from most of the previous studies [17,27-29]. Women with

the history of benign breast disease, who experienced epi-

sodes of benign breast alterations, may habitually consider

it as the same as before. Similarly, premenopausal women,

who had the frequent occurrence of breast pain and hyper-

plasia, let their vigilance down even if this may be the symp-

toms of breast cancer and thus caused patient delay [30]. In

fact, benign breast diseases mostly occurred among pre-

menopausal (young) women. Therefore, it is plausible that

women either with premenopausal status or history of 

benign breast diseases were more likely to have patients

delay. A previous study in Shandong, China, however, indi-

cated that premenopausal status was a risk factor of patient

delay, while the history of benign breast disease was a pro-

tective factor [13], which was hard to be explained. Never-

theless, elaborating all the suspicious symptoms of breast

cancer, particularly to premenopausal women, and empha-

sizing the probabilities of benign breast disease developing

into breast cancer, are of practical significance to help mini-

mize patient delay. The lawsuits and medical dispute profi-

teers for medical malpractice have been increasing in China

[31], though the proportion related to breast cancer is not

available. From the data obtained in the United States that

breast cancer was the second leading condition involved in

malpractice litigation [32], breast cancer is probably one of

the main diseases involved in the litigation in China. The 

results in the present study provided useful information for

the practitioners in China to avoid the malpractice. 

We would mention a few strength and limitations of the

present study. First, the subjects were from 3 large scale

teaching hospitals in Guangzhou city and they might be a 

selected sample of Southern China. However, Guangzhou is

the biggest city in Southern China and cancer patients in the

adjacent areas, not like other type of diseases, mostly go to

the large scale hospitals. Therefore, the present subjects were

still quite a representative sample of the breast cancer pati-

ents in Southern China. Second, the information about pati-

ent and care delays was collected from medical records in a

no standard manner. However, it was obtained by the sur-

geons trusted by the patients who always wished a right 

decision for their diagnosis and treatment. Moreover, in our

pilot investigation, the results from medical records and our

interviewers were consistent. Therefore, we believe that our

delay data were reliable. Third, the information was collected

at the time when patients were newly admitted into hospi-
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tals, and then the recall bias was minimized. Fourth, we had
collected and considered as many confounding factors 
towards the outcomes of breast cancer as possible, and
clearly indicated that clinical stage was the mediator in the
pathway from patient delay to the prognosis of breast cancer
by thorough sensitive analyses. Finally, the delays, particu-
larly patient delay, depend on the patient's knowledge, atti-
tudes, beliefs, and behaviors, for example, complementary
and alternative medicine was found to be related to the 
delays of breast cancer [33], and further studies would be
needed to obtain systematic measures for reduction of the
delays.

In conclusion, we found that patient delay was more com-
mon than care delay in a Southern Chinese breast cancer
population, indicating insufficiency of early screening. Pati-
ent delay led to a poor prognosis of breast cancer, which was
probably mediated by clinical stage. Premenopausal women

may be a target population to reduce this delay. Care delay,
however, was not associated with any clinical features and
outcomes of breast cancer.  

Electronic Supplementary Material

Supplementary materials are available at Cancer Research and
Treatment website (https://www.e-crt.org).

Conflicts of Interest

Conflict of interest relevant to this article was not reported.

Acknowledgments

This work was supported by the National Natural Science Foun-
dation of China (NO. 81773515). 

1. Caplan L. Delay in breast cancer: implications for stage at 
diagnosis and survival. Front Public Health. 2014;2:87.

2. Richards MA, Westcombe AM, Love SB, Littlejohns P, Rami-
rez AJ. Influence of delay on survival in patients with breast
cancer: a systematic review. Lancet. 1999;353:1119-26.

3. Rabinovich M, Vallejo C, Perez J, Rodriguez R, Cuevas M,
Machiavelli M, et al. Impact of delay to treatment upon sur-
vival in 1067 patients with breast-cancer. Int J Oncol. 1993;2:
197-201.

4. Arndt V, Sturmer T, Stegmaier C, Ziegler H, Becker A, Brenner
H. Provider delay among patients with breast cancer in Ger-
many: a population-based study. J Clin Oncol. 2003;21:1440-6.

5. Yoo TK, Han W, Moon HG, Kim J, Lee JW, Kim MK, et al.
Delay of treatment initiation does not adversely affect survival
outcome in breast cancer. Cancer Res Treat. 2016;48:962-9.

6. Brazda A, Estroff J, Euhus D, Leitch AM, Huth J, Andrews V,
et al. Delays in time to treatment and survival impact in breast
cancer. Ann Surg Oncol. 2010;17 Suppl 3:291-6.

7. Mujar M, Dahlui M, Yip CH, Taib NA. Delays in time to pri-
mary treatment after a diagnosis of breast cancer: does it 
impact survival? Prev Med. 2013;56:222-4.

8. Shin DW, Cho J, Kim SY, Guallar E, Hwang SS, Cho B, et al.
Delay to curative surgery greater than 12 weeks is associated
with increased mortality in patients with colorectal and breast
cancer but not lung or thyroid cancer. Ann Surg Oncol.
2013;20:2468-76.

9. Yun YH, Kim YA, Min YH, Park S, Won YJ, Kim DY, et al. The
influence of hospital volume and surgical treatment delay on
long-term survival after cancer surgery. Ann Oncol. 2012;23:
2731-7.

10. Jones SC, Johnson K. Women's awareness of cancer symptoms:

a review of the literature. Womens Health (Lond). 2012;8:579-
91.

11. Yu W, Yu X, Hu H, Duan G, Liu Z, Wang Y. Use of hospital
appointment registration systems in China: a survey study.
Glob J Health Sci. 2013;5:193-201.

12. Violence against doctors: why China? Why now? What next?
Lancet. 2014;383:1013.

13. Huo Q, Cai C, Zhang Y, Kong X, Jiang L, Ma T, et al. Delay in
diagnosis and treatment of symptomatic breast cancer in
China. Ann Surg Oncol. 2015;22:883-8.

14. Neal RD, Allgar VL. Sociodemographic factors and delays in
the diagnosis of six cancers: analysis of data from the "Natio-
nal Survey of NHS Patients: Cancer". Br J Cancer. 2005;92:
1971-5.

15. Hansen RP, Olesen F, Sorensen HT, Sokolowski I, Sonder-
gaard J. Socioeconomic patient characteristics predict delay in
cancer diagnosis: a Danish cohort study. BMC Health Serv
Res. 2008;8:49.

16. He JR, Tang LY, Yu DD, Su FX, Song EW, Lin Y, et al. Epstein-
Barr virus and breast cancer: serological study in a high-inci-
dence area of nasopharyngeal carcinoma. Cancer Lett. 2011;
309:128-36.

17. Ruddy KJ, Gelber S, Tamimi RM, Schapira L, Come SE, Meyer
ME, et al. Breast cancer presentation and diagnostic delays in
young women. Cancer. 2014;120:20-5.

18. Arndt V, Sturmer T, Stegmaier C, Ziegler H, Dhom G, Brenner
H. Patient delay and stage of diagnosis among breast cancer
patients in Germany: a population based study. Br J Cancer.
2002;86:1034-40.

19. Zheng Y, Wu CX, Zhang ML. The epidemic and characteristics
of female breast cancer in China. China Oncol. 2013;23:561-9.

References

Yue-Lin Li, Delays of Breast Cancer in China

VOLUME 51 NUMBER 3 JULY 2019  1105



20. Leon-Rodriguez E, Molina-Calzada C, Rivera-Franco MM,
Campos-Castro A. Breast self-exam and patient interval asso-
ciate with advanced breast cancer and treatment delay in Mex-
ican women. Clin Transl Oncol. 2017;19:1276-82.

21. Gangane N, Anshu, Manvatkar S, Ng N, Hurtig AK, San 
Sebastian M. Prevalence and risk factors for patient delay
among women with breast cancer in rural India. Asia Pac J
Public Health. 2016;28:72-82.

22. Abu-Helalah AM, Alshraideh HA, Al-Hanaqtah M, Da'na M,
Al-Omari A, Mubaidin R. Delay in presentation, diagnosis,
and treatment for breast cancer patients in Jordan. Breast J.
2016;22:213-7.

23. Wall P, Moore C, El-Tamer M, Reilly JJ. Diagnostic delay in
breast disease: a system analysis of a public urban hospital.
Arch Surg. 1998;133:662-6.

24. Hershman D, McBride R, Jacobson JS, Lamerato L, Roberts K,
Grann VR, et al. Racial disparities in treatment and survival
among women with early-stage breast cancer. J Clin Oncol.
2005;23:6639-46.

25. Gould-Martin K, Paganini-Hill A, Casagrande C, Mack T, Ross
RK. Behavioral and biological determinants of surgical stage
of breast cancer. Prev Med. 1982;11:429-40.

26. Afzelius P, Zedeler K, Sommer H, Mouridsen HT, Blichert-
Toft M. Patient's and doctor's delay in primary breast cancer:
prognostic implications. Acta Oncol. 1994;33:345-51.

27. Ramirez AJ, Westcombe AM, Burgess CC, Sutton S, Littlejohns
P, Richards MA. Factors predicting delayed presentation of
symptomatic breast cancer: a systematic review. Lancet.
1999;353:1127-31.

28. Nosarti C, Crayford T, Roberts JV, Elias E, McKenzie K, David
AS. Delay in presentation of symptomatic referrals to a breast
clinic: patient and system factors. Br J Cancer. 2000;82:742-8.

29. Meechan G, Collins J, Petrie KJ. The relationship of symptoms
and psychological factors to delay in seeking medical care for
breast symptoms. Prev Med. 2003;36:374-8.

30. Schernhammer ES, Laden F, Speizer FE, Willett WC, Hunter
DJ, Kawachi I, et al. Rotating night shifts and risk of breast
cancer in women participating in the nurses' health study. J
Natl Cancer Inst. 2001;93:1563-8.

31. Wang Z, Li N, Jiang M, Dear K, Hsieh CR. Records of medical
malpractice litigation: a potential indicator of health-care qual-
ity in China. Bull World Health Organ. 2017;95:430-6.

32. Guthrie TH. Breast cancer litigation: an update with practice
guidelines. Breast J. 1999;5:335-9.

33. Mohd Mujar NM, Dahlui M, Emran NA, Abdul Hadi I, Wai
YY, Arulanantham S, et al. Complementary and alternative
medicine (CAM) use and delays in presentation and diagnosis
of breast cancer patients in public hospitals in Malaysia. PLoS
One. 2017;12:e0176394.

1106 CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2019;51(3):1098-1106



1107│ https://www.e-crt.org │ Copyright ⓒ 2019    by  the Korean Cancer Association

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Cancer Res Treat. 2019;51(3):1107-1116

pISSN 1598-2998, eISSN 2005-9256

https://doi.org/10.4143/crt.2018.182 

Open Access

Association between Body Mass Index and Gastric Cancer Risk 
According to Effect Modification by Helicobacter pylori Infection
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Purpose

Few studies investigated roles of body mass index (BMI) on gastric cancer (GC) risk accord-

ing to Helicobacter pylori infection status. This study was conducted to evaluate associations

between BMI and GC risk with consideration of H. pylori infection information.

Materials and Methods

We performed a case-cohort study (n=2,458) that consists of a subcohort (n=2,193 inclu-

ding 67 GC incident cases) randomly selected from the Korean Multicenter Cancer Cohort

(KMCC) and 265 incident GC cases outside of the subcohort. H. pylori infection was 

assessed using an immunoblot assay. GC risk according to BMI was evaluated by calculating

hazard ratios (HRs) and their 95% confidence intervals (95% CIs) using weighted Cox hazard

regression model. 

Results

Increased GC risk in lower BMI group (< 23 kg/m2) with marginal significance (HR, 1.32;

95% CI, 0.98 to 1.77) compared to the reference group (BMI of 23-24.9 kg/m2) was 

observed. In the H. pylori non-infection, both lower (< 23 kg/m2) and higher BMI (! 25 kg/m2)

showed non-significantly increased GC risk (HR, 10.82; 95% CI, 1.25 to 93.60 and HR,

11.33; 95% CI, 1.13 to 113.66, respectively). However, these U-shaped associations 

between BMI and GC risk were not observed in the group who had ever been infected by 

H. pylori.  

Conclusion

This study suggests the U-shaped associations between BMI and GC risk, especially in sub-

jects who had never been infected by H. pylori.
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Introduction

Globally, gastric cancer (GC) holds the fourth and fifth
rank of cancer incidence in males and females, respectively
and is the third leading cause of cancer death in both sexes
worldwide [1]. With the combination of high incidence and
poor survival, GC is one of main contributor to the cancer
burdens worldwide [2]. Korea is one of the countries show-
ing highest GC incidence rate (age-standardized rate [ASR],

35.8 per 100,000 persons in 2014) and mortality rate (ASR, 9.7
per 100,000 persons in 2014) in the world [3]; therefore, ver-
ifying etiologic factors of GC is a great concern. 

In recent decades, increase in obesity is a noticeable epi-
demiologic phenomenon in worldwide [4] and obesity has
been considered as an attributable factor of several types of
cancer incidence, such as colorectal, breast, endometrial, kid-
ney, esophageal, and gastric cardia cancers [5]. Based on 
elevated gastric cardia cancer incidence coinciding with the
increase in obesity, a number of studies conducted in West-



ern populations showed positive association between high

body mass index (BMI) and gastric cardia cancer incidence

[6-8]. In a recent meta-analysis, summary relative risk (SRR)

of gastric cardia caner in obese group (BMI ! 30 kg/m2) was

reported as 1.82 (95% confidence interval [CI], 1.32 to 2.49)

compared to normal weight group (BMI of 18.5-24.9 kg/m2).

However, evidence on association between obesity and gas-

tric non-cardia cancer (SRR, 1.00; 95% CI, 0.87 to 1.15) was

not found in the same study [9]. Controversially, recent large

scaled cohort studies reported elevated GC risk in low BMI

group (BMI < 22 kg/m2) [10] and significantly decreased risk

of gastric non-cardia cancer in population with high BMI 

(! 23 kg/m2) than low BMI group (< 20.32 kg/m2) [11] , hence

further verification of relationship between BMI and GC is

still needed.

The proportion of gastric cardia cancer is higher in the

Western population than amongst Asians [12,13]. Contrary

to the Western population, gastric non-cardia cancer com-

prises a larger proportion in the East Asian populations, and

particularly in the Korean population, gastric non-cardia can-

cers are responsible for over 95% of total GC [14]. 

Moreover, the prevalence of Helicobacter pylori infection, a

group I carcinogen defined by the International Agency for

Research on Cancer (IARC) [15], is higher in Asian countries

compared to Western countries. The East Asian strains of H.

pylori were also reported to be more virulent to gastric car-

cinogenesis than the Western strains of H. pylori [16]. Several

studies reported the inverse association between H. pylori

infection prevalence and BMI level [17]. These results infer

that underweight population probably have high risk of gas-

tric non-cardia cancer due to high prevalence of H. pylori

infection. However, previous studies did not in fact measure

H. pylori infection status as a potential confounder on the 

association between gastric non-cardia cancer risk and BMI;

thus the association between BMI and gastric non-cardia can-

cer according to H. pylori infection is not well-characterized. 

Based on the differences in gastric non-cardia cancer inci-

dence rates, prevalence of H. pylori infection and its strains,

and the proportions of the population with extremes of BMI

between the Asian countries and Western countries, we reali-

zed the necessity to focus on the association between low

BMI and GC risk in Asia. Hence, we carried out a study (1)

to assess GC risk according to BMI while controlling the 

potential confounding effect of H. pylori infection, (2) to 

investigate the potential effect modification by H. pylori

infection on the association between BMI and GC risk, (3) to

evaluate potential difference in association between H. pylori

and GC risk according to BMI level in the case-cohort study

which is based on the Korean Multicenter Cancer cohort

(KMCC).

Materials and Methods

1. Data and study subjects

This study was designed within the population-based

prospective KMCC which is constructed to assess risk factors

related to cancer incidence and mortality in Korea. The

KMCC participants were recruited from the four urban and

rural areas (Haman, Chungju, Uljin, and Pohang) between

1993 and 2004. All participants signed an informed consent

form [18]. 

This study was conducted in two observational study 

designs, a prospective cohort study and a case-cohort study.

We tried to assess H. pylori infection status in order to adjust

potential confounding effect of H. pylori. Because entire 

cohort was too large to test H. pylori infection status of all

subjects, we choose case-cohort study design which is effi-

cient in the aspect of reducing time and cost by selecting sub-

set of entire cohort subjects. 

Flowchart of subject selection on total cohort and case-

cohort study is shown in the S1 Fig. After excluding the sub-

jects without information on height or weight measures,

19,016 subjects were defined as the total cohort study popu-

lation and 485 incident GC cases were identified in the total

cohort study subjects. Plasma samples for assessing H. pylori

infection status had been collected from 9,402 subjects includ-

ing 332 incident GC cases among 19,016 total cohort subjects.

We stratified these 9,402 subjects with plasma sample accord-

ing to sex and age (10-year interval). Then, we randomly

sampled 24% of subjects in each strata to constitute the sub-

cohort by reflecting sex and age structure of the KMCC. After

excluding subjects with insufficient or poor condition of

plasma sample, a total of 2,200 subjects (about 23%) were 

defined as eligible subjects for subcohort in this study. Num-

ber of GC incident cases within the subcohort and outside of

the subcohort were 67 and 265 cases, respectively. 

We assessed H. pylori infection status and IgG seropositiv-

ity to H. pylori virulence factors of eligible subjects for sub-

cohort (n=2,200) and GC incidence cases outside of the sub-

cohort (n=265). There were seven subjects whose H. pylori

infection status or IgG antibody to virulence factors were not

measured due to insufficient sample volume or inadequate

sample condition. Hence, a total of 2,193 subjects were 

defined as the subcohort population after excluding subjects

whose H. pylori infection status or IgG antibody to virulence

factors were not measured. Finally, a total number of 2,458

case-cohort subjects were denoted by integrating the subco-

hort subjects (n=2,193) and GC incident cases outside of the

subcohort (n=265). 

Cancer Res Treat. 2019;51(3):1107-1116
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2. Outcome assessment 

Incident GC cases in the KMCC were ascertained through
the record linkage between the KMCC data and the national
cancer registry data. Death certificate only cases were also
confirmed through linking the national death certificate of
the National Statistical Office to the KMCC data. A total of
508 incident GC cases among the total KMCC participants
were identified until December 31, 2013. After excluding GC
cases without information on height or weight, 485 GC cases
were left in the total cohort study. We measured H. pylori

infection status of case-cohort study subjects. Because we
could not assess H. pylori infection status of 153 GC cases due
to insufficient volume or unstable condition of plasma sam-
ples, a total of 332 GC cases with information of H. pylori

infection status were included in the case-cohort study.

3. Exposure assessment: BMI 

Information on individual characteristics such as demo-
graphic factors, lifestyle factors, and past medical history was
collected using a standardized interview-based question-
naire. Anthropometric indices such as height, weight, waist
and hip circumferences were also measured by the study
team. Height, the perpendicular distance between the top of
head and the heel after taking off shoes and standing with
their back against the wall straightly, and weight of study
subjects were measured by skilled investigators on the same
day of questionnaire interview at the cohort enrollment.
Measurements of height and weight were conducted twice
and the mean value was used in this study. 

BMI (kg/m2) was computed in accordance with its defini-
tion: weight (kg) divided by square of the height (m2). Because
World Health Organization (WHO) BMI classification was
proposed to reflect risk for mortality and non-communicable
diseases related to death, such as type 2 diabetes and cardio-
vascular disease [19], other BMI criteria might be more infor-
mative to indicate GC risk. Recent cohort studies also repor-
ted significant change in GC risk in group with BMI around
of 23.0 kg/m2, hence we applied modified criterion of BMI
in several ways as follows:

(a) < 18.5, 18.5-22.9, 23-24.9 (reference), 25-29.9, and 
! 30 kg/m2

(b) < 23, 23-24.9 (reference), and ! 25 kg/m2

(c) < 18.5, 18.5-22.4, 22.5-24.9 (reference), 25-27.4, and 
! 27.5 kg/m2

(d) < 22.5, 22.5-24.9 (reference), and ! 25 kg/m2

(e) < 23 kg/m2 and ! 23 kg/m2 (reference)

When we apply BMI category (a) to analysis, too small
number of GC cases were included in one category. Thus, we

made BMI category (b) by combining each of two lower and
two higher BMI groups than reference group as one group.
Because small number of GC cases were included in the ref-
erence group of BMI category (a) and (b) in the case-cohort
study, we conducted sensitivity analysis by slightly changing
criteria of BMI category (a) as BMI category (c). BMI category
(d) was also determined by combining each of two lower and
two higher BMI groups in category (c) as one BMI group.

4. Exposure assessment: Measurement of H. pylori infec-

tion status 

Specimens including serum, plasma, buffy coat, packed
red blood cell, and spot urine were also collected from the
KMCC participants and stored in standardized stable condi-
tion (–70" for blood samples and –20°C for spot urine sam-
ples) [18]. Cytotoxin-associated gene A (CagA) and vacuo-
lating cytotoxin A (VacA) has been known for virulence fac-
tors of H. pylori. CagA and VacA have been reported that
these virulence factors are associated with cellular responses
related to carcinogenesis such as excessive cell proliferation,
inhibition of apoptosis, and excessive inflammatory respon-
ses [20]. Hence, we assessed seropositivity of CagA and
VacA IgG along with H. pylori infection status. 

Because plasma sample collected at cohort enrollment
were the sole specimen to assess H. pylori infection status and
the invasive endoscopy (a gold standard of H. pylori test) and
a noninvasive reliable Urea Breath test was not easy to apply
in the setting of the community population group, we used
immunoblot assay, the Helico Bolt 2.1TM (MP Biomedicals
Asia Pacific, Singapore), to test H. pylori infection and
seropositivity on CagA and VacA IgG. The validity of Helico
Blot 2.1 was fairly good for sensitivity, 99%; for specificity,
98% [21]. 

Procedure for immunoblot assay is as follows: nitrocellu-
lose strips were diluted with 2 mL of diluted wash buffer and
were incubated for 5 minutes at room temperature on a rock-
ing platform. The plasma samples were collected at baseline
survey and frozen at –70°C until analysis; 2 mL of blotting
buffer was added to each well containing 2 µL of plasma or
positive/negative controls. After incubating for 1 hour at
room temperature on a rocking platform, the plates were
washed three times with 2 mL of diluted wash buffer allow-
ing 5 minutes soak on the rocking platform between each
wash. Two milliliters of working conjugate solution was
added to the wells and was incubated for 1 hour at room
temperature. After aspirating the conjugate and washing
three times, 2 mL of substrate solutions was added. Plates
were shaken at room temperature for 15 minutes and washed
three times, the same as above. Each strip was interpreted
according to the recommended criteria in manufacturer’s 
instruction.
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5. Statistical analysis

Basic characteristics between group with BMI < 23 kg/m2

and group with BMI ! 23 kg/m2 were compared by conduct-

ing the Pearson’s chi-square test for categorical variables and

Student t test for numerical variables in both total cohort and

case-cohort study.

Differences in the mean of age, height, weight, and cohort

follow-up time (year) along with frequency of sex, GC cases,

education years (< 12 years vs. ! 12 years), ever smoking,

more or equal to 400 cigarettes (yes vs. no), alcohol drinking

(ever vs. never drinker), history of gastritis, H. pylori ever 

infection (yes vs. no), CagA-secreting H. pylori infection (pos-

itive vs. negative) between the low and high BMI groups

were considered.

Hazard ratios (HRs) and their 95% CIs of GC incidence 

according to BMI level in the total cohort population were

calculated by using the Cox proportional hazards regression

models. We included age, sex, and year at cohort enrollment

in the Cox hazard regression model and variables showing

statistically significant differences between low and high

BMI groups (education, cigarette smoking, and alcohol drin-

king) were also considered for adjustment in the total cohort

study. 

In case of the case-cohort study, GC risks according to BMI

level or H. pylori infection were computed using the weighted

Cox proportional hazard model. H. pylori infection status was

additionally adjusted in the weighted Cox proportional haz-

ard regression model when GC risk according to BMI level

was evaluated. We used the Barlow’s weighting method in

the case-cohort study [22]. Weight of all GC cases in the case-

cohort study were assigned as 1 and weight of controls were

assigned as inverse of sample fraction defined as the propor-

tion of subcohort controls within the total cohort controls.

We also conducted stratified analysis by H. pylori infection

status to assess effect modification by H. pylori on the associ-

ation between BMI and GC risk. Subgroup of individuals

with H. pylori infection was further considered according to

CagA and VacA virulence factors (group with CagA-secret-

ing H. pylori infection, CagA+; group with both CagA-secret-

ing H. pylori and VacA-secreting H. pylori infection, CagA+

VacA+).

We also assessed differences in GC risk according to H. 

pylori infection among BMI categories (< 23 kg/m2, 23-24.9

kg/m2, and ! 25 kg/m2) to investigate effect modification by

BMI on the association between H. pylori and GC risk. 

Sensitivity analyses for cardia and non-cardia GC devel-

opment were performed. Non-cardia GC category included

GC cases with unspecified locations and missing T-code

since non-cardia GC consisted of more than 95% of total GC

cases in Korean population [14]. 

All statistical analysis was two-sided with alpha error of

5% and were performed using SAS software ver. 9.4 (SAS 

Institute Inc., Cary, NC).

Cancer Res Treat. 2019;51(3):1107-1116

Total cohort (n=19,016) Case-cohort (n=2,458)

Characteristic Low BMIa) High BMIa)

p-value
Low BMIa) High BMIa)

p-value
(n=8,645) (n=10,371) (n=1,168) (n=1,290)

Age (yr) 53.6±16.5 53.8±12.4 0.28 56.8±14.7 54.1±12.1 < 0.01

Height (cm) 158.0±8.9 157.1±8.8 < 0.01 158.9±9.0 157.8±8.9 < 0.01

Weight (kg) 52.0±7.1 64.1±8.7 < 0.01 52.6±7.2 64.5±8.8 < 0.01

Follow-up (yr) 12.9 (9.9-16.5) 12.4 (9.9-16.4) 0.93 12.9 (7.4-15.4) 13.2 (10.4-17.3) < 0.01

Male 3,905 (45.2) 3,714 (35.8) < 0.01 650 (55.7) 554 (43.0) < 0.01

GC cases 277 (3.2) 208 (2.0) < 0.01 193 (16.5) 138 (10.8) < 0.01

Education ! 12 yr 1,122 (13.1) 1,456 (14.2) 0.04 139 (11.9) 190 (14.8) 0.04

Ever smokersb) 3,670 (43.1) 3,244 (31.7) < 0.01 594 (51.1) 470 (36.8) < 0.01

Ever alcohol drinkers 3,759 (44.4) 4,124 (40.4) < 0.01 568 (48.7) 550 (43.0) < 0.01

History of gastritis 1,600 (21.7) 1,788 (20.1) 0.78 160 (21.3) 152 (19.2) 0.31

Helicobacter pylori–infected - - 996 (85.3) 1,108 (85.9) 0.66

CagA+H. pylori-infected - - 952 (81.5) 1,061 (82.3) 0.63

Table 1. General characteristics of cohort and case-cohort study subjects within the Korean Multicenter Cancer Cohort

(KMCC), 1993-2004

Values are presented as mean±standard deviation, median (IQR) for continuous variables and number (%) for category vari-

ables. GC, gastric cancer; CagA, cytotoxin-associated gene A. a)Low BMI indicates < 23.0 kg/m2; high BMI indicates ! 23.0

kg/m2, b)Ever smoking is defined as past and current smoking more or equal to 400 cigarettes.
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6. Ethical statement 

This study protocol was approved by the institutional 

review boards of Seoul National University Hospital (H-01-

10-084-002 and H-1310-082-528) and performed in accor-

dance with the principles of the Declaration of Helsinki.

Written informed consents were obtained.

Results

1. Characteristics of study subjects

The general characteristics were presented in Table 1. Sub-

jects in the high BMI group were more likely to be women,

have a high level of education compared to subjects in the

Jieun Jang, Gastric Cancer and Body Mass Index by H. pylori

GC development Non-cardia GC developmentb)

BMI (kg/m2) Person-
No. HR (95% CI)a)

Person-
No. HR (95% CI)a)

year year

Total cohort (n=19,016)

< 18.5 10,903 29 1.36 (0.89-2.08) 10,903 29 1.41 (0.92-2.17)

18.5-22.9 100,613 248 1.38 (1.08-1.76) 100,559 239 1.38 (1.08-1.77)

23.0-24.9 57,776 90 1.00 ( 57,758 87 1.00 (

25.0-29.9 67,418 107 1.13 (0.85-1.50) 67,395 105 1.15 (0.86-1.53)

! 30.0 8,515 11 1.18 (0.63-2.20) 8,515 11 1.21 (0.64-2.27)

< 18.5 10,903 29 1.36 (0.89-2.08) 10,903 29 1.41 (0.92-2.17)

18.5-22.9 100,613 248 1.38 (1.08-1.76) 100,559 239 1.38 (1.08-1.77)

23.0-24.9 57,776 90 1.00 ( 57,758 87 1.00 (

25.0-27.4 48,060 76 1.11 (0.82-1.51) 48,038 74 1.12 (0.82-1.53)

! 27.5 27,873 42 1.18 (0.81-1.70) 27,873 42 1.21 (0.84-1.75)

< 23.0 111,516 277 1.38 (1.08-1.75) 111,462 268 1.38 (1.08-1.77)

23.0-24.9 57,776 90 1.00 ( 57,758 87 1.00 (

! 25.0 75,933 118 1.14 (0.86-1.50) 75,910 116 1.15 (0.87-1.52)

Case-cohort (n=2,458)

< 18.5 1,156 23 1.22 (0.74-2.01) 1,156 23 1.28 (0.77-2.12)

18.5-22.9 12,259 170 1.33 (0.99-1.79) 12,227 163 1.32 (0.98-1.79)

23.0-24.9 7,208 62 1.00 ( 7,204 60 1.00 (

25.0-29.9 8,547 71 1.08 (0.77-1.52) 8,524 69 1.08 (0.76-1.53)

! 30.0 903 6 1.01 (0.43-2.36) 903 6 1.02 (0.44-2.39)

< 18.5 1,156 23 1.22 (0.74-2.01) 1,156 23 1.28 (0.77-2.12)

18.5-22.9 12,259 170 1.33 (0.99-1.79) 12,227 163 1.32 (0.98-1.79)

23.0-24.9 7,208 62 1.00 ( 7,204 60 1.00 (

25.0-27.4 6,094 51 1.11 (0.76-1.61) 6,071 49 1.10 (0.75-1.61)

! 27.5 3,356 26 1.01 (0.63-1.61) 3,356 26 1.03 (0.65-1.65)

< 23.0 13,415 193 1.32 (0.98-1.77) 13,383 186 1.32 (0.98-1.78)

23.0-24.9 7,208 62 1.00 ( 7,204 60 1.00 (

! 25.0 9,450 77 1.07 (0.77-1.51) 9,427 75 1.08 (0.76-1.52)

Table 2. Association between BMI and GC risk in the total cohort and case-cohort study within the KMCC, 1993-2004

BMI, body mass index; GC, gastric cancer; KMCC, Korean Multicenter Cancer Cohort; HR, hazard ratio; CI, confidence 

interval. a)Adjusted for age, sex, year of recruitment, education years (< 12 years vs. ! 12 years), ever smoking more or equal

to 400 cigarettes (yes vs. no), and alcohol drinking status (yes vs. no), b)Non-cardia GC including unspecified cases (9% of

total GC cases). The results for cardia GC development were not presented due to non-estimation of parameter estimators

and their 95% CIs by sparse cardia GC cases (n=14).
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low BMI group. A relatively low proportion of ever smokers

and ever drinkers were found in the high BMI group com-

pared to the low BMI group. In general, we also confirmed

the consistent results in both total cohort and case-cohort

population. Additional difference of age in the total cohort

and difference of follow-up period in the case-cohort study

were found. 

2. GC risk according to BMI level in the total cohort study 

GC risk according to BMI categories in the total cohort is

presented in Table 2. There was an increased GC risk in

groups with BMI < 18.5 kg/m2 or of 18.5-22.9 kg/m2 com-

pared to the reference group (BMI of 23-24.9 kg/m2) in the

total cohort study (HR, 1.36; 95% CI, 0.89 to 2.08 for group

with BMI < 18.5 kg/m2 and HR, 1.38; 95% CI, 1.08 to 1.76 for

group with BMI of 18.5-22.9 kg/m2, respectively; however,

it was non-significant in group with BMI < 18.5 kg/m2.

In contrast, there was no statistically significant associa-

tions between BMI ! 25 kg/m2 and GC risk (HR, 1.13; 95%

CI, 0.85 to 1.50 for group with BMI 25-29.9 kg/m2 and HR,

1.18; 95% CI, 0.63 to 2.20 for group with BMI ! 25 kg/m2, res-

pectively). 

3. GC risk according to BMI level in the case-cohort study 

We also assessed GC risk according to BMI with additional

adjustment of H. pylori infection in the case-cohort study

(Table 2). Similar results to the total cohort study on the 

association between BMI and GC risk were observed in the

case-cohort study. Compared to the reference group (BMI of

23-24.9 kg/m2), group with BMI of < 18.5 kg/m2 or 18.5-22.9

kg/m2 were associated with increased GC risk (HR, 1.22; 95%

CI, 0.74 to 2.01 for group with BMI < 18.5 kg/m2 and HR,

1.33; 95% CI, 0.99 to 1.79 for group with BMI of 18.5-22.9

kg/m2, respectively), although the associations were not sta-

tistically significant. 

4. Effect modification by H. pylori infection on associations

between BMI and GC risk in the case-cohort study

Further, we performed analysis on the association between

Cancer Res Treat. 2019;51(3):1107-1116

GC development Non-cardia GC developmenta)

BMI (kg/m2) Person-
No.

Stratification Person-
No.

Stratification

year HR (95% CI)b) year HR (95% CI)b)

Never H. pylori infected

< 23.0 2,017 12 10.82 (1.25-93.60) 2,017 12 12.07 (1.34-108.39)

23.0-24.9 1,071 1 1.00 ( 1,071 1 1.00 (

! 25.0 1,358 7 11.33 (1.13-113.66) 1,345 6 9.95 (0.91-108.31)

Ever H. pylori infected 

< 23.0 11,398 181 1.26 (0.93-1.70) 11,366 174 1.26 (0.93-1.71)

23.0-24.9 6,137 61 1.00 ( 6,133 59 1.00 (

! 25.0 8,091 70 1.03 (0.71-1.40) 8,082 69 1.05 (0.72-1.44)

H. pylori+CagA+

< 23.0 10,886 174 1.26 (0.93-1.72) 10,855 167 1.26 (0.92-1.72)

23.0-24.9 5,895 59 1.00 ( 5,891 57 1.00 (

! 25.0 7,762 68 1.12 (0.72-1.65) 7,753 67 1.03 (0.72-1.48)

CagA+VacA+

< 23.0 8,494 126 1.46 (1.01-2.11) 8,468 120 1.44 (0.99-2.10)

23.0-24.9 4,866 41 1.00 ( 4,862 40 1.00 (

! 25.0 6,397 51 1.14 (0.75-1.72) 6,388 50 1.14 (0.75-1.74)

Table 3. Association with body mass index for GC risk by Helicobacter pylori infection in the case-cohort study within the

KMCC, 1993-2004

GC, gastric cancer; KMCC, Korean Multicenter Cancer Cohort; BMI, body mass index; CagA+, cytotoxin-associated gene A

(CagA)–secreting H. pylori infection; CagA+VacA+, both CagA-secreting H. pylori and vacuolating cytotoxin A (VacA)–

secreting H. pylori infection. a)Non-cardia GC including unspecified cases (9% of total GC cases). The results for cardia GC

development were not presented due to non-estimation of parameter estimators and their 95% CIs by sparse cardia GC cases

(n=14), b)Adjusted for age, sex, year of recruitment, education years (< 12 years vs. ! 12 years), ever smoking more or equal

to 400 cigarettes (yes vs. no), and alcohol drinking status (yes vs. no). 
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BMI and GC risk stratified by H. pylori infection status and
CagA-secreting H. pylori infection status (Table 3). BMI < 23
kg/m2 and ! 25 kg/m2 were associated with increased GC
risk (HR, 10.82; 95% CI, 1.25 to 93.60 for BMI < 23 kg/m2 and
HR, 11.33; 95% CI, 1.13 to 113.66 for BMI ! 25 kg/m2, respec-
tively) amongst subjects without H. pylori infection. In con-
trast, there were no statistically significant increase in GC risk
in the group with BMI < 23 kg/m2 and ! 25 kg/m2 who were
H. pylori positive (HR, 1.26; 95% CI, 0.93 to 1.70 for BMI < 23
kg/m2 and HR, 1.03; 95% CI, 0.71 to 1.40 for BMI ! 25 kg/m2, 
respectively).

Because only one GC cases were included in the reference
group, we conducted sensitivity analysis after changing ref-
erence group as subjects with BMI of 22.5-24.9 kg/m2

(S2 Table). Similar U-shaped association between BMI and
GC risk in subjects who were not infected by H. pylori was
found even when we changed reference group. No statisti-
cally significant differences in GC risk by BMI categories in
subjects positive for H. pylori infection were observed. 

5. Difference in association between H. pylori infection and

GC risk according to BMI level in the case-cohort study

GC risk according to H. pylori infection status in stratified
group by BMI level was also conducted (Table 4). In the
group with BMI < 23 kg/m2, H. pylori infection was associ-
ated with about 2-fold higher GC risk (HR, 2.04; 95% CI, 1.13
to 3.70). Elevated GC risk according to H. pylori infection was
also observed in group with BMI of 23-24.9 kg/m2 (HR,
10.52; 95% CI, 1.44 to 76.67). In contrary, there was no statis-
tically significant difference in GC risk by H. pylori infection
in group with BMI ! 25 kg/m2 (HR, 1.73; 95% CI, 0.78 to
3.82). Even when we used other BMI categories (< 22.5, 22.5-
24.9, and ! 25 kg/m2), similar patterns on the association 
between H. pylori infection status and GC risk were observed.

6. Sensitivity analysis by GC anatomical location

In cardia GC analysis, the risk estimates were not calcu-
lated due to sparse GC cases (only 14 cases in total subjects),
and thus the results were not shown in this paper. Only the

GC development Non-cardia GC developmenta)

Person-
No.

Stratification Person-
No.

Stratification

year HR (95% CI)b) year HR (95% CI)b)

BMI < 23.0 kg/m2

Never infected 2,017 12 1.00 ( 2,017 12 1.00 (
Ever infected 11,398 181 2.04 (1.13-3.70) 11,366 174 1.99 (1.10-3.62)
H. pylori+CagA+ 10,886 174 2.06 (1.14-3.74) 10,855 167 2.01 (1.11-3.65)
CagA+VacA+ 8,494 126 2.03 (1.11-3.72) 8,468 120 1.97 (1.08-3.62)

BMI 23.0-24.9 kg/m2

Never infected 1,071 1 1.00 ( 1,071 1 1.00 (
Ever infected 6,137 61 10.52 (1.44-76.67) 6,133 59 9.98 (1.37-72.78)
H. pylori+CagA+ 5,895 59 10.38 (1.42-75.70) 5,891 57 9.84 (1.35-71.84)
CagA+VacA+ 4,866 41 12.17 (1.63-90.02) 4,862 40 11.59 (1.55-86.69)

BMI ! 25.0 kg/m2

Never infected 1,358 7 1.00 ( 1,345 6 1.00 (
Ever infected 8,091 70 1.73 (0.78-3.82) 8,082 69 2.02 (0.86-4.72)
H. pylori+CagA+ 7,762 68 1.80 (0.81-4.00) 7,753 67 2.11 (0.90-4.94)
CagA+VacA+ 6,397 51 1.73 (0.76-3.93) 6,388 50 2.03 (0.85-4.87)

Table 4. The association between Helicobacter pylori infection and GC risk by BMI level in the case-cohort study within the
KMCC, 1993-2004

GC, gastric cancer; BMI, body mass index; KMCC, Korean Multicenter Cancer Cohort; HR, hazard ratio; CI, confidence 
interval; CagA+, cytotoxin-associated gene A (CagA)–secreting H. pylori infection; CagA+VacA+, both CagA-secreting H.

pylori and vacuolating cytotoxin A (VacA)–secreting H. pylori infection. a)Non-cardia GC including unspecified cases (9% of
total GC cases). The results for cardia GC development were not presented due to non-estimation of parameter estimators
and their 95% CIs by sparse cardia GC cases (n=14), b)Adjusted for age, sex, year of recruitment, education years (< 12 years
vs. ! 12 years), ever smoking more or equal to 400 cigarettes (yes vs. no), and alcohol drinking status (yes vs. no).
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results for non-cardia GC development were additionally
presented in the Tables 2-4. As the result, the associations be-
tween BMI and GC risk in subgroup population without car-
dia GC cases, were persistent. 

Discussion

About 1.3-fold increased GC risk in population with low
BMI (< 23 kg/m2) was found in both total cohort and case-
cohort studies, but the association was marginally significant
in the case-cohort study. In the case-cohort study, BMI levels
showed U-shaped association with GC risk, especially in the
H. pylori non-infected group: the risk of GC was higher in
two different groups such as lower BMI group (< 23 kg/m2)
or higher BMI group (! 25 kg/m2) compared with the refer-
ence BMI group (23-24.9 kg/m2).

A recently published large-scale cohort study in UK repor-
ted a reverse-J-shaped association between BMI and GC for
the first time in Western studies [10]. This study including
5.24 million subjects and 3,337 incident GC cases reported an
increased risk of GC in those with low BMI (< 20 kg/m2) as
well as in obese subjects. Results from China cohort study
also reported that high BMI (! 23.31 kg/m2) compared to low
BMI (< 20.32 kg/m2) was associated with reduced gastric
non-cardia cancer risk rather than increased risk, implying
significantly more elevated GC risk in low BMI group [11]. 

Our findings were analogous with those results above in
terms of demonstrating increased GC risk in population with
low BMI. However, significant associations between BMI
and GC risk results were obtained only in H. pylori non-
infected persons in our study. This suggests that H. pylori

has a very strong effect on the development of GC, whereas
BMI can play a modest role in the development of GC, as
compared to H. pylori infection. 

The link with gastric non-cardia cancer risk in obese pop-
ulation has not been fully established, and the explanation
to support increased GC risk in populations with low BMI
has so far been limited. 

However, the increased risk of GC in obese people can be
explained by biological changes, such as an increase in chro-
nic inflammation and a decrease in immune response in
obese people [23,24], which lead to contributing the chroni-
cization of inflammatory conditions and consequently go to
gastric carcinogenesis. This can be induced into carcinogen-
esis regardless of H. pylori infection. The increased risk of GC
in people with low BMI can be explained by the following
mechanisms. Smokers are more likely to have low BMI and
those with low BMI are more likely to have multiple nutrient
deficiencies [25]. These conditions lead to reduction of natu-

ral immunity, and in particular, the decrease of micronutri-
ents such as vitamins A, C, and E can cause the limit of 
antioxidant activity, which can lead to an increase of inflam-
matory reaction due to oxidative stress [26,27]. 

Our results show that the U-shaped association of BMI
with GC risk in non-infected individuals is more evident
than in H. pylori infected individuals. The risk of GC in all 
H. pylori infected individuals has already risen even in the
reference group (people with BMI of 23-24.9 kg/m2) at the
baseline risk of GC, due to H. pylori infection itself, and thus,
the GC risk of the high-risk groups (those with BMI < 23 kg/
m2 or those with BMI ! 25 kg/m2) does not seem to rise much
compared to the reference group. Conversely, in the H. pylori

non-infected individuals, the effect of BMI itself on GC risk
appears to be clearly demonstrated because major carcino-
genic factor, H. pylori infection, are not involved. In other
words, the H. pylori infection, a big carcinogenic factor, may
obscure the risk of GC by BMI in infected individuals due to
“Umbrella effect” by infection, whereas the effect of BMI on
GC risk is clearly expressed in non-infected individuals 
because of no “Umbrella effect” by infection. This may be
due to the fact that the effect of BMI is too weak for the 
development of GC compared to the effect of H. pylori infec-
tion. 

This study has some limitations. First, the number of inci-
dent GC cases was relatively small, limiting the statistical
power in stratified analysis. Though we found U-shaped 
relationship between BMI and GC risk in subjects not 
infected by H. pylori, only one GC case was included in the
reference group. Therefore, point estimate of GC risk by BMI
in H. pylori non-infected group might be overestimated. Sec-
ond, total energy expenditure or nutritional status was not
considered, because of insufficient information on food con-
sumption. Third, BMI information was based on height and
weight measured at the time of enrollment, only, and infor-
mation of BMI change during follow-up time could not be
taken into account. Fourth, the results in the H. pylori IgG Ab
test is limited because if the IgG Ab test is positive, it does
not mean an active infection because it is seen as positive in
both past and current infections. Fifth, in this cohort, 4.1%
GC cancer cases were detected by death certificate only
(DCO) (=22 DCO/485 total GC cases). Of total 463 GC cases
after excluding DCO cases, GC cases with no T-Code were
26 (5.7%) and those with unspecified anatomical location
(C169) were 66 (16.3%). A prior paper presenting the classi-
fication cardia and non-cardia GC in hospital setting repor-
ted the unspecified GC cases were 25% (n=50/200 cases) [28].
The DCO occurs due to the gap between the coverage years
of cancer registration data and those of death certificate data.
This KMCC data was first linked to cancer registry, death
certificate, and health insurance data (with confirmation
using medical record survey) in 2001. We found that those
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who were identified as confirmed cancer cases in the second-
ary data in 2001 were not confirmed in recent data. The rea-
son is because each institution had limited the retention year
of data. The other reason of DCO is due to incompleteness
of secondary data, such as the year of the application of the
secondary data source. In estimating the cancer incidence
and mortality rates reported by the WHO Globocan, the com-
pleteness of the data is evaluated by the DCO (%) of each
country (http://gco.iarc.fr/). 

This study has several strengths. It was designed as a
prospective cohort study and a case-cohort study. Both stud-
ies are based on prospectively collected data, thus time sequ-
ence between exposure and outcome is considered in these
study designs, which minimizes reverse causation. Matching
between cases and controls was not carried out in the case-
cohort study design; thus, effects of age or sex on develop-
ment of disease could be studied on the incidence of disease
in the study population. Unlike most previous published
studies on the association between BMI and GC which were
conducted in Western population, this study was conducted
on an East Asian population. Therefore, this study was appro-
priate to assess the association between BMI and gastric non-
cardia cancer. H. pylori infection status, a potential confoun-
der, was also adjusted in the case-cohort study. 

In conclusion, this study suggests that BMI levels are 
associated with GC risk in a U-shaped fashion, especially in
population without H. pylori infection.  
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Genetic Profiles Associated with Chemoresistance in Patient-Derived
Xenograft Models of Ovarian Cancer
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Purpose
Recurrence and chemoresistance (CR) are the leading causes of death in patients with high-
grade serous carcinoma (HGSC) of the ovary. The aim of this study was to identify genetic
changes associated with CR mechanisms using a patient-derived xenograft (PDX) mouse
model and genetic sequencing. 

Materials and Methods
To generate a CR HGSC PDX tumor, mice bearing subcutaneously implanted HGSC PDX 
tumors were treated with paclitaxel and carboplatin. We compared gene expression and
mutations between chemosensitive (CS) and CR PDX tumors with whole exome and RNA
sequencing and selected candidate genes. Correlations between candidate gene expression
and clinicopathological variables were explored using the Cancer Genome Atlas (TCGA) data-
base and the Human Protein Atlas (THPA). 

Results
Three CR and four CS HGSC PDX tumor models were successfully established. RNA 
sequencing analysis of the PDX tumors revealed that 146 genes were significantly up-reg-
ulated and 54 genes down-regulated in the CR group compared with the CS group. Whole
exome sequencing analysis showed 39 mutation sites were identified which only occurred
in CR group. Differential expression of SAP25, HLA-DPA1, AKT3, and PIK3R5 genes and
mutation of TMEM205 and POLR2A may have important functions in the progression of
ovarian cancer chemoresistance. According to TCGA data analysis, patients with high HLA-
DPA1 expression were more resistant to initial chemotherapy (p=0.030; odds ratio, 1.845).     

Conclusion
We successfully established CR ovarian cancer PDX mouse models. PDX-based genetic pro-
filing study could be used to select some candidate genes that could be targeted to over-
come chemoresistance of ovarian cancer.

Key words
Ovarian neoplasms, Patient-derived xenografts, Chemoresistance, 
RNA sequence analysis, Whole exome sequencing
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Introduction

Targeting chemoresistant (CR) or recurrent cancer has 
become an important strategy for treatment of high-grade
serous carcinoma (HGSC) of the ovary. This is due to the fact
that up to 80% of patients with HGSC will eventually expe-
rience recurrence or disease progression due to resistance to
chemotherapy, even if they were highly responsive to first-
line platinum-based chemotherapy and achieved pathologic
complete response [1,2]. However, standard second-line
chemotherapy for resistant or recurrent HGSC is still contro-
versial. Heterogeneity of genetic mutation is one of major
reasons for the chemoresistance of ovarian cancer [3,4]. 
Recently, personalized precision medicine for various can-
cers has been widely studied as a potential means of over-
coming heterogeneity of cancer. Although some genetic
aberrations in CR ovarian cancers have been reported, gene-
tic profiling methods such as the Cancer Genome Atlas
(TCGA)’s molecular landscape of cancer have shown that 
epithelial ovarian cancer is deficient in recurrent actionable
mutations [5]. Thus, the development of individualized ther-
apy remains an unmet medical need for patients with resist-
ant HGSC [6]. 

Patient-derived xenograft (PDX) models, which directly
implant fresh human tissue into immune-compromised
mice, have increasingly been used in preclinical in vivo study.
Many researchers have identified not only that PDX models
can recapitulate the genetic, heterogeneous characteristics of
the original cancer [7,8] but also that their therapeutic 
responses are concordant with the source patient experience.
PDX models have therefore been used broadly in oncology
research as reliable patient “avatars.” In this study, in order
to reflect the characteristics of donor tumors more accurately,
we generated CR HGSC PDX models by intraperitoneal 
injection of first-line chemotherapeutic agents of ovarian can-
cer and selected CR and chemosensitive (CS) cases.

With regard to unraveling the mechanisms underlying
chemoresistance, other researchers have demonstrated the
genetic alterations that regulate the critical steps of the che-
moresistance process. Previous studies have proposed a few
genes or pathways associated with chemoresistance using
microarrays or copy number variation analysis [9]. However,
these genetic changes had been incompletely characterized
in terms of first-line (carboplatin, paclitaxel) chemotherapy
response, and few studies have used genetic sequencing in
order to identify the exact factors correlated with chemore-
sistance in PDXs. In this study, we performed whole exome
sequencing PDX tissues to detect genetic mutation, and RNA
sequencing to compare the genetic profiles of CS and CR
HGSC PDX tissues. Differently expressed genes (DEGs) were
further identified to select candidate genes highly suspected

to be associated with chemoresistance and therefore to offer
the potential for personalized, targeted treatment options.

Materials and Methods

1. Patients and tissue samples

We enrolled seven patients who had HGSC of the ovary in
International Federation of Gynecology and Obstetrics stage
III to IV of the disease. Tumor specimens were collected dur-
ing primary debulking or diagnostic surgery between 
August 2014 and October 2016. Data on the patients’ clinical
characteristics were obtained from chart review. Recurrence
was defined as a positive radiological examination with a
serum carbohydrate antigen 125 assay of more than 35 U/mL
after the completion of first line platinum-based chemother-
apy.

2. Establishment of CR PDX model

All of the female BALB/c nude mice used in this study
were purchased from Orient Bio (Seongnam, Korea). All 
animal experiments were approved by the Institutional 
Animal Care and Use Committee (IACUC) of the Yonsei Uni-
versity College of Medicine. Fresh tumor tissues from con-
senting patients with primary HGSC of the ovary were col-
lected at the time of debulking or diagnostic surgery at Sev-
erance Hospital (passage zero). These tissues (about 5!5!3
mm3) were transplanted subcutaneously into 6-8-week-old
nude mice within one hour of removal of tissues. Tumor
growth was monitored 2-3 times per week, and tumor vol-
ume was calculated by the formula 1/2(width2!length). To
establish CR HGSC PDX model, 12 mice were engrafted with
PDX tumor of passage 2 or 3 in each PDX model. Paclitaxel
and carboplatin combination chemotherapy was initiated
when tumor volumes reached around 700 mm3. Engrafted
mice were randomly divided into two groups: (1) normal
saline (control group); (2) paclitaxel 15 mg/kg and carbo-
platin 50 mg/kg, every 7 days, four cycles, intraperitoneal
injection (T+C group). The PDX models that showed tumor
regression by more than 70% in every mice was assigned to
a CS group, while consistent growth of tumor in every mice
was assigned to a CR group.

3. Nucleic acid isolation

About 3!3!3-mm3 (0.1 g) tissues were used to extract 
nucleic acid. Extracted DNA was quantified by Quant-iT BR
assay kit (Invitrogen, Carlsbad, CA). Total RNAs from inde-
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pendent tissues were isolated using RNeasy Mini Kit (Qia-
gen, Hilden, Germany). The 10 µL (100 ng/µL) DNA and the
10 µL (250 ng/µL) RNA of each samples were sent to proceed
genetic analysis. The quality of RNAs was checked via
28S/18S ratio and RNA integrity number (RIN) value using
the Agilent Bioanalyzer 2100 system (Agilent Technologies,
Santa Clara, CA). Total RNAs with RIN values greater than
7.0 were taken for subsequent downstream analysis.

4. Whole exome sequencing and analysis

Whole exome-sequencing (WES) capturing sequencing
was performed using a 51 Mb SureSelect V5 Kit (Agilent
Technologies) according to the manufacturer’s instructions.
DNA libraries were constructed according to the protocol
provided by the manufacturer, and WES was performed
using an Illumina HiSeq2500 platform (Illumina, San Diego,
CA) to generate 101bp paired-end reads. To separate human
and mouse WES reads, we used BBsplit together with BBmap
package (https://sourceforge.net/projects/bbmap/). We
used Cutadapt and sickle to remove adapter sequences and
low-quality sequence reads. A Burrows-Wheeler aligner [10]
was used to align the sequencing reads onto the human ref-
erence genome (hg19). We used a Genome Analysis ToolKit
[11] for local realignment, score recalibration and filtering 
sequence data. Somatic genomic variants were identified
using MuTect to call somatic point mutations. SnpEff was
used to select somatic variants located in coding sequences
and predict their functional consequences, such as silent or
non-silent variants. The details of WES and alignments were
summarized in S1-S5 Tables.

5. RNA sequencing and analysis

mRNA sequencing was performed using a TruSeq RNA
Library Prep Kit (Illumina). Whole-transcriptome sequencing
was performed using an Illumina HiSeq2500 platform. We
used in-house script to trim low quality reads, and we ana-
lyzed filtered sequence data using STAR [12] for alignment,
Cufflinks v2.2.1 [13] for assembly, and a known set of refer-
ence transcripts from Ensembl v72 for expression estimation.
To count the DEGs, we used Cuffdiff of Cufflinks package
v2.2.1. For functional enrichment analysis, we performed
Gene Ontology (http://www.geneontology.org/) and Kyoto
Encyclopedia of Genes and Genome (KEGG) pathway analy-
sis (http://www.kegg.jp/). 

6. Utilization of TCGA and THPA data

We searched the TCGA database (https://tcga-data.nci.
nih.gov/tcga/tcgaDownload.jsp) and collected ovarian can-
cer patient genetic profiling and clinical data. Kaplan-Meier

analysis of the correlation between RNA gene expression lev-
els and overall survival was available in THPA (https://
www.proteinatlas.org/). There are no restrictions on the
publication and use of these data.

7. Histopathology and immunohistochemistry

Hematoxylin and eosin (H&E) staining of formalin-fixed
tumor tissues from patient and PDX tissues were performed.
Immunohistochemistry (IHC) staining was performed on 
4-µm sections prepared from harvested PDX tumor tissue.
Slides were incubated with antibodies against AKT3 (1:500,
ab152157, Abcam, Cambridge, UK), PIK3R5 (1:150, NBP2-
46413, Novus, Littleton, CO), HLA-DPA1 (1:500, NBP2-
16851, Novus), and SAP25 (1:50, NBP2-32365, Novus), after
which slides were treated with 3,3'-diaminobenzidine (Dako,
Glustrup, Denmark). Staining intensity of the cells was
scored at four fields from each sample at 400! magnification
by three examiners. It was scored as 0 (negative staining), 1
(week staining), 2 (intermediate staining), and 3 (strong
staining). 

8. Quantitative real-time polymerase chain reaction

Total RNAs was extracted using a TruSeq RNA Library
Prep Kit (Illumina). RNA was converted to cDNA using a 
reverse transcription reagent kit (Bioline, London, UK) and
amplified using SensiFAST SYBR Hi ROX Mix (Bioline). ABI
StepOnePlus Real Time PCR System (Applied Biosystems,
Foster City, CA) was used to conduct quantitative real-time
polymerase chain reaction (qRT-PCR). 18S was the internal
standard and relative gene expression was calculated using
the 2-!!CT method. CS1 was served as control values. Pri-
mers used for each gene were shown in S6 Table. 

9. Statistical analysis

Receiver operating characteristic curves were used to iden-
tify high and low RNA expression of genes. A chi-square test
was used to assess the relationship between RNA expression
and patient response to initial chemotherapy. Statistical cal-
culation was performed using SPSS ver. 23.0 (IBM Corp., 
Armonk, NY). A p-value of < 0.05 was considered statisti-
cally significant. Hierarchical clustering of DEGs between CS
and CR PDX groups was performed using R studio v 0.99.903
(RStudio Inc., Boston, MA).

10. Ethical statement

This study was approved by the Yonsei University Sever-
ance Hospital Institutional Review Board (IRB) in accordance
with the Helsinki Declaration (IRB number: 4-2013-0526). All
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participants provided written informed consent before 

enrolling in this study.

Results

1. Establishment of CR PDX model from serous ovarian
cancer 

We selected seven HGSC PDXs from our previously estab-

lished ovarian PDX tumor bank. Four cases were assigned to

Cancer Res Treat. 2019;51(3):1117-1127

Fig. 1.  Different chemoresponses in six ovarian patient-derived xenograft models. Three cases (CS1, CS2, and CS3) showed

regression of tumor, three cases (CR1, CR2, and CR3) showed consistent growth of tumor. CS, chemosensitive; CR, chemore-

sistant; T, paclitaxel; C, carboplatin; ▲, chemotherapy injection.
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a CS group and three cases were assigned to a CR group 
according to the chemoresponse of PDX model (Fig. 1). These
seven PDX models and their corresponding patients had
similar responses to chemotherapy (S7 Table). We selected
three cases of CS (CS1, CS2, and CS3) group and three cases
of CR (CR1, CR2, and CR3) group to perform genetic analy-
sis. All the CR3 tumors were harvested 2 weeks after chemo
agent injection due to the speed at which the tumors were
growing.

2. DEG data and target genes

The RNA sequencing was successful in five PDX models
and unsuccessful in one model. Sequencing of the CR3 tumor
failed because the tissue contained too many mouse genes

with a low coverage of human genes. We set cut-off criteria
for the purpose of screening out the genes specific for CR 
patients. As for the up-regulated genes, only those genes
with expression levels > 1 fragments per kilobase million
(FPKM) and 2.5-fold more expression than opposite groups
were selected in this study. Total 200 genes were determined
to be differentially expressed between the CS and CR groups
of the PDX model, including 146 up-regulated genes and 54
down-regulated genes in the CR group. Of these genes 
(excepting those genes that were uncharacterized), SAP25
differed most in its expression (S8 Table). Hierarchical clus-
tering of the 200 differentially expressed genes is presented
in Fig. 2A. The results of the KEGG pathways analysis
showed that complement and coagulation cascades, cell 
adhesion molecules, and extracellular matrix–receptor inter-

Lan Ying Li, Genetic Profiles of Chemoresistant Ovarian Cancer

Fig. 2.  Genetic expression of frequently expressed genes and validation of candidate genes in patient-derived xenograft
(PDX). (A) Unsupervised hierarchical clustering analysis using 200 selected genes differentially expressed between chemosen-
sitive (CS) and chemoresistant (CR) groups. FPKM, fragments per kilobase million. (Continued to the next page)
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action (KEGG p=0.001, p=0.001, and p=0.003, respectively)
signal pathways were the most significantly impacted can-
cer-related pathways in CR groups compared to CS groups.
Among the genes involved in these pathways, we found that
cell adhesion pathway related HLA-DPA1 gene was the most
up-regulated gene (> 88 fold FPKM than CS groups) in the
CR group (S8 Table). 

3. Whole exome sequencing data analysis

An average of 30,460 and 27,944 somatic mutations were
observed in the CS and CR group, respectively, and the ave-
rage respective sequencing depths were 110 and 115. A to T
transversions was the most frequent somatic mutations in
each PDX tissues (A to T ratio, 38%-40%). Of the mutations
occurred only in CR groups, the A to T ratio increased to 65%
(Fig. 3A). A total of 39 mutation sites were identified which
only occurred in chemoresistant group (S9 Table). Interest-

Cancer Res Treat. 2019;51(3):1117-1127

Fig. 2.  (Continued from the previous page) (B) Immunohistochemical (IHC) staining of AKT3, PIK3R5, HLA-DPA1, and SAP25

in PDX (!400). Expression levels of AKT3, PIK3R5, HLA-DPA1, and SAP25 were much lower in CS cases than in CR (BC, 
before chemotherapy; PC, post chemotherapy). (C) IHC staining intensity of AKT3, PIK3R5, HLA-DPA1, and SAP25 in CS
and CR group. The protein expression levels of four genes were significantly higher in each CR group in comparison with
CS. (D) Quantitative real-time polymerase chain reaction analysis of AKT3, PIK3R5, HLA-DPA1, and SAP25 expression in
PDX. The mRNA expression level of four genes were significantly increased in each CR group in comparison with CS group.
**p < 0.01, ***p < 0.001.
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Gene name REF ALT
Gene expression (FPKM)

CR1 CR2 CS1 CS2 CS3 CR/CS ratio
CCDC159 G GA 62.45 108.96 25.26 25.89 58.52 2.34
INTS4 A AT 18.42 21.28 25.9 24.71 41.81 0.64
POLR2A T TAGA 41.56 17.17 16.16 33.53 29.25 1.15
SPG7 T TATCTC 46.1 68.42 62.55 36.59 41.62 1.22
TMEM205 G GA 251.23 204.28 107.63 120.47 172.26 1.71

Table 1. Gene expression level of five insertion variants 

REF, reference allele; ALT, alternative allele; FPKM, fragments per kilobase million; CR, chemoresistant; CS, chemosensi-
tive.

Fig. 3.  Somatic mutation in five patient-derived xenograft (PDX) models. (A) The proportion of mutational type in five PDX
tissues. (B) Number of mutated genes by pathway. The phosphoinositide 3-kinase (PI3K)-AKT and mitogen-activated protein
kinase (MAPK) signaling pathways exhibited relatively more mutated genes than other pathways in all PDXs. CR, chemore-
sistant; CS, chemosensitive.
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ingly, of these mutation genes, the expression level of four
insertion genes (CCDC159, POLR2A, SPG7, and TMEM205)
increased in CR groups compared with CS groups (Table 1).
We could hypothesis that these insertion mutation genes
may lead to chemoresistance of ovarian cancer. The phos-
phoinositide 3-kinase (PI3K)–Akt signaling pathway and the
mitogen-activated protein kinase signaling pathway had the
greatest number of mutated genes in all PDX models (164-
182 and 134-152 mutated genes, respectively) (Fig. 3B). 
Although there was no difference in the number of mutated
genes between the CS and CR group, the results above sug-
gest that the mutated genes in these pathways might have
stronger associations with ovarian cancer. Furthermore, we
found that the AKT3 and PIK3R5 genes involved in the PI3K-
Akt signaling pathway were on the list of 200 selected DEGs.

4. Clinical association of selected genes

Based on WES data and data concerning the top differen-
tially expressed genes, we identified the SAP25, HLA-DPA1,
AKT3, and PIK3R5 genes as candidate genes possibly invol-
ved in the mechanism underlying chemoresistance. We ana-
lyzed the RNA expression of the four candidate genes in 236
ovarian cancer patients from TCGA database and explored
their correlations with initial chemotherapy response. Of the
236 ovarian cancer patients, 161 had shown complete remis-
sion during chemotherapy, while 75 showed partial remis-
sion, progression, or stable disease. According to the expre-
ssion level of HLA-DPA1, rather than SAP25, AKT3, or PIK3-
R5, there was a significant difference in patients’ initial
chemoresponse (p=0.030; odds ratio, 1.845) (Table 2). Patients
with high expression of HLA-DPA1 were more resistant to
initial chemotherapy. According to THPA data, patients with

low expression of SAP25 had slightly better survival than
those with high expression of the gene (p=0.050) (S10 Fig.).  

5. Validation of selected genes by IHC and qRT-PCR

Following H&E staining of patient and corresponding
PDX tissues, we were able to determine that that patient can-
cer cell morphology was retained in most of the PDX models
(S11 Fig.). We observed many stromal or fibrous cells in both
the CR2 and CR3 PDX slides, and this was even more obvi-
ous after chemotherapy. To examine the expression of 
selected genes in PDX tissues, IHC and qRT-PCR were done
on CS and CR PDX tissues. As determined by RNA-sequenc-
ing, IHC staining showed higher protein expression levels of
all four genes in the CR group compared to the CS group
(Fig. 2B and C). qRT-PCR analysis also showed that AKT3,
PIK3R5, HLA-DPA1, and SAP25 overexpressed in CR groups
compared with that in CS groups (Fig. 2D).  

Discussion

Platinum-based chemotherapy is still a standard treatment
despite the well-known fact that 80% of primary ovarian can-
cer cases will exhibit chemoresistance and recurrence [2].
Specialized therapy targeting the mechanisms underlying
chemoresistance during the early phase of treatment is 
urgently needed for ovarian cancer patients. Although the
TCGA database provided useful genetic data for researchers,
ovarian cancer is still deficient in recurrent actionable muta-
tions. Besides, ovarian cancer always requires time to recur,

Cancer Res Treat. 2019;51(3):1117-1127

Table 2.  Correlation of selected gene expression and initial chemotherapy response in TCGA data

Expression PR, PD, SD Complete remission p-value ORa)

SAP25

High 31 55 0.286 1.358 (0.773-2.385)
Low 44 106

HLA-DPA1

High 44 70 0.030 1.845 (1.059-3.215)
Low 31 91

AKT3

High 38 75 0.559 1.178 (0.681-2.038)
Low 37 86

PIK3R5

High 35 82 0.542 0.843 (0.487-1.459)
Low 40 79

TCGA, the Cancer Genome Atlas; PR, partial remission; PD, progression of disease; SD, stable disease; OR, odd ratio. a)Odds
ratio (OR) > 1 indicated more resistant to initial chemotherapy than reference groups.
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and physicians have not been able to accurately predict
chemoresponse accurately during the early phases of treat-
ment, much less get the patient’s resistant sample. In our
study, we used PDX to set up a CR model in a short period
of time and then executed whole exome sequencing and
RNA sequencing DEG analysis with CS and CR cancer tis-
sues harvested from PDX mice in order to identify potential
actionable molecular targets related to chemoresistance. The
overall workflow of selecting candidate genes is summarized
in S12 Fig.

Nevertheless, single gene alterations alone were not able
to generate chemoresistance. Alteration of metabolic factors
and pathways act in concert to change cancer cell character-
istics [14]. In the DEGs of the cell adhesion pathway, major
histocompatibility complex (MHC) class II molecule genes
(HLA-DOA, HLA-DPA1, and HLA-DRA) were in the list of
200 genes that they significantly up-regulated in CR groups.
This suggests that these MHC class II molecules have an 
important effect on the mechanism underlying cancer che-
moresistance. This result was in agreement with other stud-
ies, which found that the MHC complex played a main role
in ovarian immunology and that both HLA class I and II mol-
ecules contributed to resistance to treatment [15,16]. This 
result was further validated by the TCGA database, which
predicted that patients with high expression of HLA-DPA1
would be more CR to initial chemotherapy. Thus, HLA-DPA1
expression could serve as a predictor of initial chemotherapy
results and might also be a gene that could be targeted in the
treatment of CR cancers.

Additionally, SAP25was the most differentially expressed
between the CS and CR group. This gene was known as a
novel component of the mSin3A complex. mSin3A is known
to be involved in cell fate, and its core binding proteins (such
as SAP25) may also have different effects on cell behavior
[17]. Hence, we could hypothesize that SAP25 might have
played a role in the mechanisms underlying chemoresis-
tance, but further research would be needed to prove this. 

PI3K/AKT signaling pathway has been widely investi-
gated as a treatment target due to the role it plays in regulat-
ing cell growth, cell survival, angiogenesis, tumorigenesis,
and drug resistance [18]. Dysregulation of this pathway and
high frequency aberrations had been observed in several
human cancers, including ovarian cancer [19-21]. This was
consistent with our WES results. As for PI3K, much preclin-
ical research has supported the use of PI3K inhibitors as 
anticancer agents and many clinical trials of PI3K inhibitors
are being performed by pharmaceutical companies or insti-
tutions to further evaluate their effect on CR cancers [22].
AKT3was significantly up-regulated in our CR group, which
suggested the possibility of AKT3 as a target for therapy.
Liby et al. [23] demonstrated that blocking AKT3 alone could
eliminate vascular endothelial growth factor secretion in

ovarian cancer cells and reduce tumor vascularization in
PDX models. AKT’s anticancer effect has also been validated
in Phase I clinical trials, and other clinical trials investigating
small molecule inhibitors of AKT are still ongoing [24].

Determining the WES in ovarian cancer PDX model iden-
tified four insertion genes (CCDC159, POLR2A, SPG7, and
TMEM205) mutated only in CR groups. Of these genes, TMEM-
205was known as associated with cisplatin resistance in lung
cancer. The effect of overexpression of TMEM205 in lung
cancer on cisplatin resistance has been confirmed and is sug-
gested as a biomarker and target in clinical chemotherapy
[25]. Besides, Wang et al. [26] showed that polymorphism of
TMEM205was significantly associated with platinum-based
chemotherapy response in lung cancer. They further hypoth-
esize that the location of gene or the variant can regulate the
expression of gene. It is consistent with our result that the 
expression of TMEM205 in TMEM205 insertion variant CR
groups was higher (1.7 fold) than that in non-variant CS
groups. However, the potential mechanisms of gene expres-
sion regulated by mutated genes remains to be further stud-
ied [26]. POLR2A encodes largest RNA polymerase II com-
plex and is responsible for cell proliferation including ovar-
ian and colon cancer. Liu et al. [27] demonstrated that sup-
pression of POLR2A could selectively inhibit the tumorigenic
potential of colorectal cancer cells [28]. Furthermore, poly-
morphisms of POLR2Awere associated with worse survival
outcomes in non-small cell lung cancer [29]. Although little
research has been done on the effect of POLR2A insertion
variant on tumor chemoresistance, these studies paved the
way for a better understanding of the effect of TMEM205 and
POLR2Amutation on the gene expression which is correlated
with chemoresistance in the cancer. 

In summary, we set up a CR PDX model by replicating the
exact treatment scheme used on its donor patients. For the
purpose of identifying genes that play vital roles in the 
development of chemoresistance, we integrated WES and
DEG analysis to increase accuracy. The result showed that
differential expression of SAP25, HLA-DPA1, AKT3, and
PIK3R5 genes and mutation of TMEM205 and POLR2Amay
have important functions in the progression of ovarian can-
cer chemoresistance. This preliminary PDX-based genetic
profiling study could serve as a platform for further research
on chemoresistance in ovarian cancer. However, further
studies are needed to validate the effectiveness of these 
selected genes’ inhibitors in ovarian cancer PDX models or
in corresponding ovarian cancer patients.
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Purpose

Simvastatin has demonstrated anti-tumor activity in preclinical studies via tumor cell senes-

cence, apoptosis, and anti-angiogenesis. This phase II trial evaluated the efficacy and toxicity

profile of conventional XELOX and bevacizumab chemotherapy plus simvastatin in metasta-

tic colorectal cancer patients (MCRC).  

Materials and Methods

Patients with MCRC received first-line XELOX in 3-week treatment cycles of intravenous 

xaliplatin 130 mg/m2 plus bevacizumab 7.5 mg/kg (day 1), followed by oral capecitabine

1,000 mg/m2 twice daily (day 1-14). Simvastatin 80 mg tablets were taken orally once daily

every day during the period of chemotherapy. The primary endpoint was progression-free

survival (PFS). Secondary endpoints were response rate, duration of response, overall sur-

vival (OS), time to progression, and toxicity.  

Results

From January 2014 to April 2015, 60 patients were enrolled and 55 patients were evaluable

for tumor response. The median follow-up duration was 30.1 months (range, 28.5 to 31.7

months). The median PFS was 10.4 months (95% confidence interval [CI], 9.6 to 11.1). The

median OS of all patients was 19.0 months (95% CI, 11.9 to 26.0). The disease-control rate

and overall response rate were 88.3% (95% CI, 74 to 96) and 58.3% (95% CI, 44 to 77), 

respectively, by intent-to-treat protocol analysis. There was one complete response and 34

partial responses. One patient experienced grade 3 creatine kinase elevation and liver 

enzyme elevation.    

Conclusion

Based on the current study, the addition of 80 mg simvastatin to XELOX and bevacizumab

showed comparable clinical efficacy in patients with MCRC as first-line chemotherapy and

did not increase toxicity.
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Introduction

Colorectal cancer is the second most deadly cancer world-
wide and is the third and second most commonly diagnosed
cancer in males and females, respectively [1]. The treatment
of metastatic colorectal cancer (MCRC) has evolved signifi-
cantly over the decades. The addition of oxaliplatin to oral
capecitabine monotherapy led to higher response rates (RRs)
and time-to-progression (TTP) in both first- and second-line
treatment of advanced colorectal cancer [2,3]. 

Angiogenesis and maintenance of the tumor vasculature
are essential for cancer growth, and vascular endothelial
growth factor (VEGF) is essential for both tumor angiogene-
sis and development [4]. Given the key role of VEGF in 
angiogenesis, bevacizumab, a humanized monoclonal immu-
noglobulin G1 antibody targeting circulating VEGF, has been
shown to improve RR and survival when combined with any
of the first-line and second-line standard cytotoxic chemo-
therapy regimens in patients with MCRC [5,6]. Bevacizumab
plus double chemotherapy has become a standard treatment
for patients with MCRC. However, limited efficacy and resi-
stance remain outstanding problems [7,8]. 

Statins are widely prescribed cholesterol-lowering drugs
in the primary and secondary prevention of cardiovascular
disease with a favorable safety profile [9]. In addition to cho-
lesterol reduction, the anti-proliferative effects of statins on
different cancer cell lines have been demonstrated in numer-
ous in vitro studies and in clinical data [10]. Statins act by 
reducing cholesterol synthesis through the inhibition of 
3-hydroxy-3-methylglutayl coenzyme A reductase, the rate-
limiting enzyme of the mevalonate pathway [9]. Mevalonate
production is reduced, along with its downstream products
involved in carcinogenesis, farnesyl pyrophosphate (FPP)
and geranylgeranyl pyrophosphate (GGPP) [9,11]. FPP and
GGPP are essential substrates for posttranslational modifi-
cations of the Ras and Rho homolog gene family, member A
(RHOA), which plays an important role in the intracellular
signal transduction that is responsible for cell growth, pro-
liferation, migration, and survival [11,12]. Thus, RHOA gene
mutations have been implicated in various cancer types via
aberrant cell signaling. Statins have been shown to stabilize
the cyclin-dependent kinase inhibitors p21 and p27, thus 
inhibiting cell signaling pathways involved in metastatic
properties of invasive cancers [13]. Based on the effects of
statins on posttranscriptional modifications of RAS and
RHOA, the anti-tumor effect of statins has been proposed in
various cancers, including melanomas, adenocarcinomas,
and neuroblastoma [14-16]. 

In our recent in vitro study, the addition of simvastatin to
bevacizumab reduced proliferation, migration, invasion, and
tumor formation of endothelial cells. Moreover, we found

that colorectal cancer cell media to which simvastatin com-
bined with bevacizumab was added inhibited endothelial
cell invasion and was associated with reduced levels of 
mediators of angiogenesis such as angiopoietin 2, BiP, and
heat shock protein 90!. Treatment with bevacizumab and
simvastatin reduced the growth of xenograft tumors more
than bevacizumab alone [17]. We previously reported a
phase II trial of simvastatin plus FOLFIRI (irinotecan, 5-flu-
orouracil, and leucovorin) chemotherapy in MCRC patients
and demonstrated the safety of adding simvastatin to chemo-
therapy [18]. Accordingly, we planned this study to investi-
gate the synergistic effect of simvastatin combined with
standard chemotherapy (XELOX [capecitabine plus oxali-
platin] plus bevacizumab) as first-line chemotherapy in 
patients with MCRC.

Materials and Methods

1. Phase II study design

This was an open-label, single-arm, phase II study con-
ducted at four centers (Samsung Medical Center, Asan Med-
ical Center, Seoul National University Hospital, and Yonsei
Cancer Center) in South Korea (ClinicalTrials.gov identifier;
NCT02026583). The primary endpoint was progression-free
survival (PFS), defined as the time from the start of treatment
to progression or death, as assessed by the investigator. Sec-
ondary endpoints were independently reviewed RR and
overall survival (OS), defined as the time from treatment ini-
tiation to death or safety. 

2. Patient eligibility

Patients aged ! 20 years with histologically confirmed
metastatic or recurrent colorectal cancer (CRC), an Eastern
Cooperative Oncology Group performance status " 1, and a
life expectancy > 3 months were enrolled. All patients had to
have at least one measurable lesion according to the Res-
ponse Evaluation Criteria in Solid Tumors (RECIST, ver. 1.1)
[19]. Adjuvant chemotherapy, if administered, needed to
have been completed at least 12 months before study entry.
No previous chemotherapy for metastatic or advanced CRC
was permitted, nor was previous exposure to bevacizumab.
Patients had to have adequate hematological (absolute neu-
trophil count ! 1.5#109/L; platelet count ! 100#109/L; hemo-
globin ! 10 g/dL), hepatic (total bilirubin " 1.5#the upper
limit of normal [ULN]; alanine aminotransferase and aspar-
tate aminotransferase " 2.5#ULN, or " 5#ULN in the case of
hepatic metastases; alkaline phosphatase " 2.5#ULN, or 
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! 5"ULN in the case of hepatic or ! 10"ULN osseous metas-
tases, respectively), and renal function (creatinine clearance
by Cockroft formula # 50 mL/min or creatinine ! 1.5 mg/dL ).

Key exclusion criteria were prior statin therapy within 1
year from the date of study entry, prior treatment with 
another anti-VEGF or anti-angiogenic tyrosine kinase inhi-
bitor, prior chemotherapy for MCRC (adjuvant chemother-
apy for CRC was permitted), surgery within 28 days of
starting treatment, planned radiotherapy for underlying dis-
ease (completed radiotherapy in 4 weeks was allowed), and
history of malignancy other than MCRC. Patients with 
uncontrolled hypertension; clinically significant cardiovas-
cular disease, hemorrhagic diathesis, or coagulopathy; use
of full-dose anticoagulants or thrombolytics; serious non-
healing wounds; or other medications predisposing to gas-
trointestinal (GI) ulceration were also excluded.

3. Treatment

Patients received intravenous oxaliplatin 130 mg/m2 on
day 1, then oral capecitabine 1,000 mg/m2 twice daily from
the evening of day 1 to the morning of day 15, followed by a
7-day treatment-free interval, repeated in a 3-week cycle. 
Bevacizumab 7.5 mg/ kg was administered intravenously as
a 30- to 90-minute intravenous infusion before oxaliplatin on
day 1 of each cycle. Simvastatin was taken orally in an 80 mg
tablet once per day every day during the period of chemo-
therapy. Treatment cycles were repeated every 3 weeks until
evidence of disease progression, unacceptable toxicity, or 
patient refusal. Simvastatin was stopped upon termination
of XELOX plus bevacizumab chemotherapy.

Administration of oxaliplatin or capecitabine was delayed
as long as there was neutropenia less than 1,500/mm3 or
thrombocytopenia less than 75,000/mm3. The dose of oxali-
platin was reduced by 25% for grade 3 or 4 thrombocytope-
nia, grade 4 neutropenia, and for paresthesia with pain or
functional impairment > 7 days. In general, for nonhemato-
logic toxicities greater than or equal to Common Terminol-
ogy Criteria for Adverse Events 4.0 (CTCAE 4.0) grade 3 and
considered related to study treatment, treatment was delay-
ed until resolution to grade 1 or to the patient’s baseline
value before treatment. However, exceptions were possible
for grade 2 neurotoxicity. The investigator and patient could
decide to continue treatment at a reduced dose with no delay
required, as neurotoxicity was not expected to resolve to
baseline values in all cases. Dose reductions at the start of the
subsequent cycle were based on maximum non-hematologic
toxicities from the dose administered in the preceding cycle.
In case of grade 3 or 4 neurotoxicity, oxaliplatin was discon-
tinued, and only capecitabine, bevacizumab, and simvastatin
were continued. Bevacizumab doses were not reduced or 
escalated; in cases of serious bevacizumab-related toxicity,

bevacizumab was temporarily or permanently suspended.
When bevacizumab was discontinued, continuation of XEL-
OX plus simvastatin was considered.

4. Study assessments

Pre-study screening assessments included a full medical
history, vital signs and physical measurements, and hema-
tologic and blood chemistry tests. Tumor assessments were
performed by computed tomography scan, X-ray, and/or
magnetic resonance imaging during screening and every two
cycles of treatment until disease progression or withdrawal
from study medication. In patients whose disease had not
progressed when treatment was stopped, tumor assessments
were performed every 3 months until progression. In addi-
tion to investigator assessment, tumor imagery was evalu-
ated by an independent review committee (IRC), using
X-ray, magnetic resonance imaging, or computed tomogra-
phy scans. Investigators and the IRC assessed the same scans.
In addition, survival was monitored at intervals of every 3
months in each patient leaving the study. Tumor response
was assessed according to RECIST ver. 1.1 criteria and con-
firmed at least 6 weeks later by the same evaluation. TTP was
defined as the interval between the first dose of study treat-
ment and the first recording of disease progression or death. 

Toxicity was graded according to the CTCAE ver. 4.0. In
addition, the incidence of the following specific adverse
events (irrespective of their possible relationship to beva-
cizumab treatment) was assessed: GI perforation, wound-
healing complications, bleeding, hypertension, proteinuria,
and thromboembolism (venous and arterial).

5. Statistical considerations

In a phase III trial of bevacizumab combined with oxali-
platin-based chemotherapy as first-line therapy, median PFS
was 9.4 months in the bevacizumab group and 8.0 months in
the placebo group [8]. Based on those data, the median PFS
of H0 was assumed as 9 months, and the median PFS of H1
as 13 months. Using a one-sided alpha at 0.05 and a power
of 80%, 54 patients were needed for the trial. With consider-
ation for dropouts and ineligibility of 10%, a total of 60 pati-
ents were needed. The efficacy analyses were based on the
intent-to-treat population. The primary endpoint was PFS,
as assessed by the investigators. Secondary endpoints were
disease control rate, overall response rate, OS, and toxicity.
Kaplan-Meier estimates were used in the analysis of time-
to-event variables, and the 95% confidence interval (CI) for
the median time to event was computed. Safety was ana-
lyzed in all patients who received at least one dose of study
medication. Descriptive statistics are reported as proportions
and medians. Clinical cutoff for the study analysis was Feb-
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ruary 28, 2017. 

6. Ethical statement

The study was conducted in accordance with the World
Medical Association Declaration of Helsinki and the Ethical
Guidelines for Clinical Studies. All patients gave their writ-
ten informed consent, conforming to institutional guidelines,
indicating that they were aware of the investigational nature
of the study. This study was reviewed and approved by the
institutional review board (IRB) of the participating institu-
tions (IRB No. 2013-07-088).

Results

1. Patient characteristics and treatment

From January 2014 to April 2015, 60 patients were enrolled.
Baseline characteristics are summarized in Table 1. The 
median age was 57 years (range, 24 to 74 years). Approxi-
mately one-third of the patients had recurrent disease after
curative resection. Tumors were located in the cecum in
three, ascending colon in 11, transverse colon in one, descen-
ding colon in four, sigmoid colon in 18, rectosigmoid colon
in nine, and rectum in 14 patients. Collectively, 15 patients
(25%) had a tumor in a proximal (from the cecum to trans-
verse colon) location, and 45 patients (75%) had a tumor in a
distal location. 

Patients (n=60) had adenocarcinoma that was well, mod-
erate, or poorly differentiated in 16 (26.7%), 37 (61.7%), and
six (10.0%) of cases, respectively. Metastases were found in
the liver in 49 cases (81.7%), the lung in 22 (36.7%), lymph
nodes in 16 (26.7%), peritoneal seeding in eight (13.3%), bone
in three (5.0%), and at two or more sites in 32 (53.3%).

2. Efficacy

In total, 689 cycles were administered with a median of
nine cycles per patient (range, 1 to 45 cycles). The median fol-
low-up duration was 30.1 months (range, 29.2 to 33.4
months). The median PFS was 10.4 months (95% CI, 9.6 to
11.1) (Fig. 1A), and median OS was 19.0 months (95% CI, 13.1
to 24.7) (Fig. 1B). Fifty-five of 60 patients (91.6%) were assess-
able for response. The disease-control rate and overall res-
ponse rate were 88.3% (95% CI, 74 to 96) and 58.3% (95% CI,
44 to 77), respectively, by intent-to-treat protocol analysis.
There was one complete response (CR) and 34 partial res-
ponses (PRs). All patients were included in the survival
analysis. Two patients are currently still in the trial, and 58
patients discontinued study medication. The main reasons
for discontinuation were disease progression (n=43, 74.1%)
and patient refusal (n=7, 12.0%) (Table 2). Two patients
wanted to stop after confirming CR or PR, and one patient
underwent surgery after PR.

3. Toxicity

Table 3 details adverse events leading to treatment discon-
tinuation and predefined adverse events of special interest
in response to the statin. Most adverse events were mild to
moderate, the most common being sensory neuropathy
(48%), nausea (37%), fatigue or weakness (33%), and hand
foot syndrome (32%). Significant toxicity (grade 3 or 4) pre-
sented as nausea (5%), neutropenia (5%), fatigue (2%), rash

Table 1. Baseline patient characteristics 

ECOG PS, Eastern Cooperative Oncology Group perform-
ance status.

Characteristic No. (%) (n=60)
Age, median (range, yr) 57 (27-74)
Sex

Male 35 (58.3)
Female 25 (41.7)

ECOG PS
0 15 (25.0)
1 45 (75.0)

Histology of adenocarcinoma
Well differentiated 16 (26.7)
Moderately differentiated 37 (61.7)
Mucinous adenocarcinoma 1 (1.7)
Poorly differentiated 6 (10.0)

B-Raf status
Wild type 45 (75.0)
Mutated 8 (13.3)
Unknown 7 (11.7)

K-Ras status
Wild type 39 (65.0)
Mutated 16 (26.7)
Unknown 5 (8.3)

Localization of the primary tumor
Right side colon 15 (25.0)
Left side colon 45 (75.0)

State at study enrollment 
Recurrence 20 (33.3)
Locally advanced and distant metastasis 40 (66.7)

Site of distant metastasis
Liver 49 (81.7)
Lung 22 (36.7)
Lymph nodes 16 (26.7)
Peritoneal seeding 8 (13.3)
Bone 3 (5.0)
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(2%), stomatitis (2%), hand foot syndrome (2%), vomiting
(2%), and diarrhea (2%). Two patients experienced grade 3
creatine kinase (CK) elevation. One patient experienced
grade 3 CK elevation and liver enzyme elevation, suggesting
statin-induced myopathy; treatment was stopped. The other
one seemed to experience grade 3 CK elevation without liver
enzyme elevation as also statin related toxicity. Bowel per-
foration occurred in two patients after the first cycle of treat-
ment. 

Discussion

This was a single-arm, phase II study to evaluate the effi-
cacy and safety of the addition of simvastatin, a synthetic 
3-hydroxy-3-methyglutaryl coenzyme A reductase inhibitor,
to XELOX and bevacizumab as first-line chemotherapy in
MCRC. The median PFS was 10.1 months, which was not a

Fig. 1.  Progression-free survival (PFS) (A) and overall survival (OS) (B) with simvastatin plus XELOX and bevacizumab in
metastatic colorectal cancer patients.
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Median PFS, 10.4 mo
(95% CI, 9.6-11.1)
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S 
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)
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0

50
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2412 186 30

B
Median OS, 19.0 mo
(95% CI, 13.1-24.7)
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0

50

0
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Table 2. Best response and reasons for discontinuation

CR, complete response; PR, partial response. a)Bowel per-
foration occurred after one cycle in two patients.

No. (%)

Best response (n=60)

Complete response 1 (1.7)
Partial response 34 (56.7)
Stable disease 18 (30.0)
Progression 2 (3.3)
Not evaluable 5 (8.3)

Reasons for discontinuation (n=58)

Progression 43 (74.1)
Consent withdrawal 7 (12.0)
Follow up loss 3 (5.2)
Severe adverse eventa) 2 (3.5)
Wait and see after CR or PR 2 (3.5)
Operation after PR 1 (1.7)

Table 3. Toxicity profile

Values are presented as number (%). CK, cytokeratin; AST,
aspartate aminotransferase; ALT, alanine transaminase.

Toxicity Grade 1-2 Grade 3-4

Non-hematologic toxicities

Anorexia 11 (18.3) 0 (
Fatigue 20 (33.3) 1 (1.7)
Rash 9 (15.0) 1 (1.7)
Hyperpigmentation 17 (28.3) 0 (
Stomatitis 7 (11.7) 1 (1.7)
Hand foot syndrome 19 (31.7) 1 (1.7)
Dry skin 15 (25.0) 0 (
Nausea 22 (36.7) 3 (5.0)
Vomiting 2 (3.3) 1 (1.7)
Diarrhea 1 (1.7) 1 (1.7)
Constipation 10 (16.7) 0 (
Bowel perforation 0 ( 2 (3.3)
Peripheral neuropathy 29 (48.3) 0 (
Increased CK 2 (3.3) 2 (3.3)
Increased AST/ALT 1 (1.7) 1 (1.7)

Hematologic toxicities 

Neutropenia 10 (16.7) 3 (5.0)
Thrombocytopenia 3 (5.0) 0 (
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significantly superior outcome compared to previous stud-
ies. Our observed median OS (19.0 months; 95% CI, 13.1 to
24.7) was similar to that observed in a prior trial in MCRC
(XELOX plus bevacizumab) [8]. 

Preclinical studies continue to report the tremendous 
potential of simvastatin in cancer cell lines through inhibition
of cell proliferation, promotion of apoptosis, promotion of
tumor cell differentiation, modulation of the tumor microen-
vironment, and immunomodulation. Statins have been 
investigated for a variety of cancers, and there are also sev-
eral ongoing trials of statin treatment in various cancers, 
including in our group. Combination therapy clinical trials
with statins and other chemotherapeutic agents have shown
encouraging results. Previously, our group conducted an
open-label, phase II trial evaluating the efficacy and toxicity
profile of conventional FOLFIRI chemotherapy in combina-
tion with simvastatin in patients with MCRC and found that
this combination exhibited promising anti-tumor activity
[18]. In that study, the median survival of all patients was
21.8 months (95% CI, 14.4 to 29.2), and the median TTP was
9.9 months (95% CI, 6.4 to 13.3). However, in this study, the
PFS and OS of statin plus bevacizumab did not reach statis-
tical significance. Given the promising results reported with
statin use in various cancers, novel combination treatments
with statins warrant further studies to explore and validate
potential synergies in combinations. Further research is also
needed to determine which subtypes of patients benefit from
statin therapy, how statins may potentiate other anti-cancer
approaches, and the appropriate dosing schedule to use. 

The anti-cancer effects of statins result from inhibition of
endothelial cell proliferation and migration, as well as induc-
tion of apoptosis. Our previous experimental data suggested
simvastatin had anti-angiogenic effect and potentiated the
effect of bevacizumab in vitro and in vivo [17]. In one study,
statin is associated with induced apoptosis of microvascular
endothelial cells and lowered VEGF serum levels implicating

a possible anti-angiogenic role in cancer treatment [20-23].
Statin can induce apoptosis (high dose), senescence (low
dose), and antiangiogenic effect in various cancer cells, thou-
gh the toxicity of statin is not significant. However, a limita-
tion in using statins for cancer therapy is that the optimal
dose and schedule of statin treatment have not been vali-
dated. Therefore it is worthy of further clinical study with
addition of statin to conventional chemotherapeutic agents
in cancer patients. 

In terms of toxicity, two patients experienced GI perfora-
tion after 1 cycle. In previous randomized controlled trials,
GI perforation occurred in 1%-2% of patients treated with 
bevacizumab for MCRC. The majority of GI perforation
events (26/37) occurred ! 6 months after starting beva-
cizumab (median, 3.35 months) [24]. Compared to the inci-
dence, treatment with the statin plus bevacizumab did not
increase GI perforation risk. The results showed comparable
clinical efficacy in MCRC patients as first-line chemotherapy
without increased toxicity.

In conclusion, the addition of 80 mg simvastatin to XELOX
and bevacizumab showed comparable clinical efficacy in 
patients with MCRC as first-line chemotherapy and did not
increase toxicity. In the future, we hope further studies will
be performed to investigate efficient combination strategies
involving statins and cytotoxic chemotherapy regimens.
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Purpose
Extranodal extension (ENE) is closely associated with the aggressiveness of both colon and
rectal cancer. This study evaluated the clinicopathologic significance and prognostic impact
of ENE in separate populations of patients with colon and rectal cancers.

Materials and Methods
The medical records of 2,346 patients with colorectal cancer (CRC) who underwent curative
surgery at our institution between January 2003 and December 2011 were clinically and
histologically reviewed. 

Results
ENE was associated with younger age, advanced tumor stage, lymphovascular invasion
(LVI), and perineural invasion (PNI) in both colon and rectal cancer. ENE rates differed sig-
nificantly in patients with right colon (36.9%), left colon (42.6%), and rectal (48.7%) cancers
(right vs. left, p=0.037; left vs. rectum, p=0.009). The 5-year disease-free survival (DFS)
rate according to ENE status and primary tumor site differed significantly in patients with
ENE-negative colon cancer (80.5%), ENE-negative rectal cancer (77.4%), ENE-positive colon
cancer (68.6%), and ENE-positive rectal cancer (64.2%) (p < 0.001). Multivariate analysis
showed that advanced tumor stage, ENE, LVI, PNI, and absence of adjuvant chemotherapy
were independently prognostic of reduced DFS in colon and rectal cancer patients. 

Conclusion
ENE is closely associated with the aggressiveness of colon and rectal cancers, with its fre-
quency increasing from the right colon to the left colon to the rectum. ENE status is a sig-
nificant independent predictor of DFS in CRC patients irrespective of tumor location. ENE
might be more related with distally located CRC.

Key words
Colonic neoplasms, Rectal neoplasms, Extranodal extension, 
Prognosis 
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Introduction

Extranodal extension (ENE) of metastatic lymph nodes
(LNs), which is indicated the extension of tumor cells beyond
the nodal capsule into the perinodal adpose tissue, is an 
important prognostic factor in patients with several types of
malignancies, including stomach, thyroid, bladder, and
breast cancer [1-8]. ENE is also included in the American
Joint Committee on Cancer (AJCC) eighth staging system for

patients with penile cancer, vulvar cancer, and head and
neck squamous cell carcinoma [9]. 

In contrast, ENE in patients with colorectal cancer (CRC)
is not yet considered as TNM staging system. Nevertheless,
a recent meta-analysis reported that the presence of ENE was
an important prognostic factor in patients with node-positive
CRC. However, this study, analyzed the prognostic effect of
ENE in patients with CRC when considering colon and rectal
cancers as only one entity.

It is unclear whether colon cancer and rectal cancer are 



biologically different malignancies or are the same malig-
nancy at different locations. Accumulating evidence provide
that colon and rectal cancer differed not only in etiologies,
risk factors, anatomic site but in embryological origin, func-
tion, and metastatic patterns [10-12], suggesting that the
prognostic implications of ENE should be investigated sep-
arately in patients with colon and rectal cancer [13]. Further-
more, right- and left-sided colon cancers may represent
distinctive and different disease entities (two colon concept)
[10,14]. Unfortunately, despite the difference according to 
location of CRC, little attention has been paid to the histo-
logic feature of ENE. This study therefore assessed the clini-
copathologic significance and prognostic impact of ENE in
large, separate populations of patients with colon and rectal
cancer.

Materials and Methods

1. Patients

The medical records of 2,346 patients with CRC having
metastatic LNs who underwent surgery at Asan Medical

Center (Seoul, Korea) between January 2003 and December
2011 were retrieved from the center’s database, and their
clinical and histological characteristics were reviewed. All
patients with node-positive CRC who had histologically
proven adenocarcinoma and underwent curative resection
(R0) were included. Patients with hereditary CRC (familial
adenomatous polyposis and hereditary nonpolyposis CRC),
multiple CRCs, and stage IV CRC were excluded. Also, we
excluded were patients who received preoperative chemora-
diotherapy or chmotherapy because tumor pathology may
have been affected by preoperative treatment. 

2. Evaluation

Before surgery, all patients underwent a staging workup,
including colonoscopy, chest radiography, computed tomog-
raphy (CT) of the abdomen and pelvis, and measurement of
serum carcinoembryonic antigen (s-CEA) concentrations.
Some patients also underwent positron emission tomogra-
phy (PET) scanning and single contrast-enhanced magnetic
resonance imaging (MRI) of the rectum and liver. s-CEA was
measured by enzyme immunoassay (ELISA-2-CEA kit, CIS
Bio International, Marcoule, France), with the normal con-
centration defined as ! 6 ng/mL. Tumors were pathologi-
cally staged in accordance with the AJCC cancer staging

Cancer Res Treat. 2019;51(3):1135-1143

Fig. 1.  Representative examples of lymph node metastasis patterns. (A) Tumor cells invading fat tissue (arrows) beyond the
boundary of the lymph node (dashed line). Extranodal extension positive ("1.25 objective lens, scale bar=2 mm). (B) Tumor
deposits with an invasive margin separate from the primary tumor. Extranodal extension negative ("1.25 objective lens,
scale bar=2 mm). (C) Tumor cells outside the lymph node but in continuum with the primary tumor. Extranodal extension
negative ("4 objective lens). (D) Tumor cells outside the lymph node but confined to endolymphatic spaces (arrow). Extra-
nodal extension negative ("10 objective lens, scale bar=200 µm).
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manual, eighth edition [9].

3. Histologic evaluation 

The ENE status of all specimens was examined by two

pathologists (J. Kim and Y. Park) and the final diagnosis was

based on intradepartmental consultations with staff special-

ized in CRC. ENE was defined as cancer cells infiltrating the

extranodal adipose tissue beyond the capsule of the LN 

(Fig. 1A). Tumor deposits (Fig. 1B) and tumor cells outside

the LNs, continuous with the primary tumor (Fig. 1C), or

confined to endolymphatic spaces (Fig. 1D) were not consid-

ered ENE. A tumor was considered ENE-positive when one

or more of the metastatic LNs showed ENE, as described

[15].

The distance between the tumor and the circumferential

resection margin (CRM) was measured in millimeters. If

CRM was found within 1mm of the tumor, we defined the

positive CRM.

4. Adjuvant chemotherapy

Of the 2,346 patients in the study cohort, 2,151 (91.7%) 

received postoperative chemotherapy. Separate assessment

of the 1,363 colon cancer patients showed that 1,273 (93.4%)

received postoperative chemotherapy, including 105 (7.7%)

who received 5-fluorouracil, 530 (38.9%) who received

capecitabine, 517 (37.9%) who received oxaliplatin, 53 (3.9%)

who received an oral pyrimidine analogue or oral 5-fluo-

rouracil, and 68 (5.0%) who received chemotherapy at 

another hospital. The remaining 90 patients (6.6%) did not

receive adjuvant chemotherapy. 

Of the 983 rectal cancer patients, 878 (89.3%) received post-

operative chemotherapy, including 303 (30.8%) who received

5-fluorouracil, 331 (33.7%) who received capecitabine, 108

(11.0%) who received oxaliplatin, 44 (4.5%) who received an

oral pyrimidine analogue or oral 5-fluorouracil, and 92 (9.4%)

who received chemotherapy at another hospital. The remain-

ing 105 patients (10.7%) did not receive adjuvant chemother-

apy. In addition, 382 (38.9%) rectal cancer patients received

postoperative radiotherapy. Usually, our center recommen-

ded the postoperative radiotherapy for stage II or stage III

mid to lower rectal cancer patients. For data analysis, pati-

ents who received intravenous 5-fluorouracil–based or cape-

citabine-/oxaliplatin-based chemotherapy were regarded as

receiving complete adjuvant chemotherapy. 

5. Follow-up

Standardized postoperative follow-up included clinical 

examinations, complete blood counts, blood chemistry tests,

measurements of s-CEA levels, and chest radiography. Pati-

ents were followed up every 3 months for the first 2 postop-

erative years and every 6 months thereafter. Patients also 

underwent abdominal and pelvic CT scans every 6 months.

Colonoscopy was performed within 1 year of surgery and

then once every 2-3 years. If recurrence was suspected, pati-

ents were evaluated by CT, MRI, and/or PET scanning. 

Recurrence was diagnosed pathologically (by surgical resec-

tion or biopsy) and/or radiologically.

6. Statistical analysis

Categorical variables were compared using chi-square

tests, and continuous variables were compared using inde-

pendent sample t tests. The Kaplan-Meier method was used

to compare disease-free survival (DFS). DFS was defined as

the time from the date of the primary tumor surgical resec-

tion to the time of disease recurrence which was diagnosed

pathologically or radiologically or death. Univariate and

multivariate analyses of factors associated with DFS rates

were performed using Cox proportional hazard regression

models to estimate hazard ratios and 95% confidence inter-

vals. All statistical tests were two-sided, and p < 0.05 was

considered statistically significant. Statistical analyses were

performed using SPSS ver. 21.0 for Windows (IBM Corp., 

Armonk, NY).

7. Ethical statement

This study protocol was approved by the institutional 

review board of Asan Medical Center (IRB No. 2018-1235).

As this study was a retrospective analysis of routine clinical

data, participants’ informed consent was waived by the 

institutional review board.

Results

1. Patient characteristics

Of the 2,346 patients included in this study, 1,363 (58.1%)

were diagnosed with colon cancer and 983 (41.9%) with rec-

tal cancer. A total patient group included 1,389 male (59.2%)

and 957 female (40.8%). The mean age of these patients was

60±11 years (median age, 61; range, 19 to 89 years). All pati-

ents received curative intent surgery, with evidence of patho-

logic stage IIIA in 280 (11.9%), stage IIIB in 1,711 (72.9%), and

stage IIIC in 355 (15.1%). ENE in a metastatic LN was 

detected in 551 (40.4%) colon cancer patients, including 195

(36.9%) patients with right colon cancer, 356 (42.6%) with left

colon cancer, and 479 (48.7%) with rectal cancer (right vs. left,
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p=0.037; left vs. rectum, p=0.009). The mean follow-up inter-

val was 60±32 months. The 5-year DFS rate in patients with

right and left colon cancer differed significantly by ENE sta-

tus, being highest in patients with ENE-negative left colon

cancer (80.8%), followed by patients with ENE-negative right

colon cancer (80.0%), ENE-positive left colon cancer (70.1%),

and ENE-positive right colon cancer (65.6%) (p < 0.001) 

(Fig. 2A).  However, the 5-year DFS rate in patients with

colon and rectal cancer differed significantly by tumor site

and ENE status, being 80.5%, 77.4%, 68.6%, and 64.2% in 

patients with ENE-negative colon cancer, ENE-negative rec-

tal cancer, ENE-positive colon cancer, and ENE-positive rec-

tal cancer, respectively (p < 0.001) (Fig. 2B).

2. Clinicopathologic characteristics according to ENE status
in colon and rectal cancer patients

There were no significant differences in sex, s-CEA level,

and histologic type between ENE-positive and ENE-negative

colon and rectal cancer patients. However, ENE was more

frequent in younger patients and those with higher T cate-

gory, higher N category, lymphovascular invasion (LVI), and

perineural invasion (PNI). ENE was more frequent in pati-

ents with left than right colon cancer (Table 1).

3. Prognostic factors of DFS in colon cancer patients

The 5-year DFS rate was significantly lower in ENE-posi-

tive than ENE-negative colon cancer (68.6% vs. 80.5%, p <

0.001). Univariate analysis showed that elevated s-CEA,

pathologic stage, presence of ENE, presence of LVI, presence

of PNI, and lack of adjuvant chemotherapy were associated

with poorer DFS. Multivariate analysis showed that patho-

logic stage, presence of ENE, presence of LVI, presence of

PNI, and lack of adjuvant chemotherapy were significant 

independent predictors of DFS (Table 2). 

4. Prognostic factors of DFS in rectal cancer patients

The 5-year DFS rate was also significantly lower in ENE-

positive than ENE-negative rectal cancer patients (64.1% vs.

77.4%, p < 0.001). Univariate analysis showed that elevated

s-CEA, pathologic stage, presence of ENE, presence of LVI,

and presence of PNI, positive of CRM and lack of adjuvant

were associated with poorer DFS. Multivariate analysis

showed that pathologic stage, presence of ENE, presence of

LVI, presence of PNI, and lack of adjuvant chemotherapy

were significant independent predictors of DFS (Table 2). 

5. Recurrence patterns according to tumor location and ENE
status 

Recurrence patterns in colon cancer patients were unre-

lated to ENE status. LN recurrence was slightly higher in

ENE-positive than in ENE-negative patients, but the differ-

ence was not statistically significant. In rectal cancer patients,

however, LN and multiple route recurrences (e.g., hematoge-

nous and LN, or hematogenous and peritoneal seeding) were

significantly more frequent in ENE-positive than in ENE-

negative patients (Table 3).

Discussion

This study investigated the clinical implications of ENE

separately in patients with colon and rectal cancer who were

Cancer Res Treat. 2019;51(3):1135-1143

Fig. 2.  (A) Disease-free survival curves in patients with colon cancer according to tumor location (right colon vs. left colon)

and extranodal extension (ENE) status (n=1,363). (B) Disease-free survival curves in patients with colon and rectal cancer

according to tumor location (colon vs. rectum) and ENE status (n=2,346).
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treated at a single center during a 9 year period. We show

that ENE is significantly associated with worse DFS in large

cohort of patients with colon and rectal cancer, respectively,

independent of the standard prognostic and predictive fac-

tors: pathologic stage, LVI, and PNI. Furthermore, ENE in

both colon and rectal cancer significantly correlated with

younger age, higher T category, higher N category, and 

occurrences of LVI and PNI. In general, patients with rectal

cancer have a poorer prognosis than those with colon cancer

[16]. However, we also found that 5-year DFS rates were

Chan Wook Kim, Prognostic Implication of ENE at CRC Sites

Colon cancer (n=1,363) Rectal cancer (n=983)

ENE (–) ENE (+)
p-value

ENE (–) ENE (+)
p-value

(n=812) (n=551) (n=504) (n=479)

Sex

Male 476 (58.6) 299 (54.3) 0.111 313 (62.1) 301 (62.8) 0.812

Female 336 (41.4) 252 (45.7) 191 (37.9) 178 (37.2)

Age (yr) 61±11 60±11 0.051 60±11 59±11 0.042

s-CEA level (ng/mL) 8.0±36.7 9.5±39.2 0.480 5.5± 12.7 6.2±15.0 0.385

Tumor location

RC 333 (41.0) 195 (35.4) 0.037

LC 479 (59.0) 356 (64.6)

pT category

T1 45 (5.6) 10 (1.8) 0.001 40 (7.9) 12 (2.5) < 0.001

T2 63 (7.8) 32 (5.8) 82 (16.3) 41 (8.6)

T3 645 (79.7) 457 (83.1) 368 (73.0) 400 (83.7)

T4 56 (6.9) 51 (9.3) 14 (2.8) 25 (5.2)

pN category

N1 674 (83.0) 314 (57.0) < 0.001 409 (81.2) 231 (48.2) < 0.001

N2 138 (17.0) 237 (43.0) 95 (18.8) 248 (51.8)

pStage

IIIA 101 (12.4) 32 (5.8) < 0.001 111 (22.0) 36 (7.5) < 0.001

IIIB 658 (81.0) 391 (71.0) 353 (71.0) 309 (64.5)

IIIC 53 (6.5) 128 (23.2) 40 (7.9) 134 (28.0)

Histology

WD/MD 727 (89.5) 484 (87.8) 0.330 468 (92.9) 433 (90.4) 0.163

PD/SRC/Muc 85 (10.5) 67 (12.2) 36 (7.1) 46 (9.6)

LVI

No 519 (63.9) 322 (58.4) 0.037 338 (67.1) 253 (52.8) < 0.001

Yes 290 (35.7) 229 (41.6) 166 (32.9) 226 (47.2)

Unknown 3 (0.4) 0 (

PNI

No 637 (78.4) 379 (68.8) < 0.001 393 (78.0) 340 (71.0) 0.001

Yes 168 (20.7) 163 (29.6) 94 (18.7) 132 (27.6)

Unknown 7 (0.9) 9 (1.6) 17 (3.4) 7 (1.5)

Adjuvant CTx

Yes 729 (89.8) 489 (88.7) 0.545 425 (84.3) 409 (85.4) 0.643

No 83 (10.2) 62 (11.3) 79 (15.7) 70 (14.6)

Recurrence 140 (17.2) 160 (29.0) < 0.001 98 (19.4) 161 (33.6) < 0.001

Follow-up, median (range, mo) 61.7 (0.2-154.5) 60.8 (0.7-152.4) 63.4 (0.3-154.1) 59.9 (0.5-151.0)

Table 1. Clinicopathologic characteristics of patients with colorectal cancer with and without extranodal extension (n=2,346)

Values are presented as number (%) or mean±standard deviation unless otherwise indicated. ENE, extranodal extension; 

s-CEA, serum carcinoembryonic antigen; RC, right colon; LC, left colon; WD, well-differentiated; MD, moderately differen-

tiated; PD, poorly differentiated; SRC, signet ring cell; Muc, mucinous; LVI, lymphovascular invasion; PNI, perineural inva-

sion; CTx, chemotherapy.
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Univariate analysis Multivariate analysis

Variable

No. (%)
5-Year

p-value
Hazard

95% CI p-value
DFS rate ratio

Colon cancer (n=1,363)

Age (yr)

< 60 613 (45.0) 78.2 0.083 1 0.173

! 60 750 (55.0) 73.3 1.180 0.930-1.531

Sex

Female 588 (43.1) 76.1 0.862 - -

Male 775 (56.9) 75.3 - -

s-CEA

Normal 1,070 (78.5) 77.4 0.006 1 0.196

High 289 (21.2) 69.0 1.184 0.916-1.531

Histology

WD/MD 1,211 (88.8) 76.4 0.191 - -

PD/Muc/SRC 152 (11.2) 70.0 - -

Tumor location

RC 528 (38.7) 75.0 0.349 - -

LC 835 (61.3) 76.2 - -

pStage

Stage IIIA 133 (9.8) 93.3 < 0.001 1 0.002

Stage IIIB 1,049 (77.0) 76.1 3.125 1.535-6.362

Stage IIIC 181 (13.2) 60.5 3.930 1.837-8.406

ENE

Negative 812 (59.6) 80.5 < 0.001 1 0.001

Positive 551 (40.4) 68.6 1.490 1.180-1.882

LVI

Negative 841 (61.7) 80.2 < 0.001 1 0.001

Positive 519 (38.1) 68.0 1.479 1.170-1.870

PNI

Negative 1,016 (74.5) 79.9 < 0.001 1 < 0.001

Positive 331 (24.3) 62.3 1.624 1.275-2.068

Adjuvant CTx

No 145 (10.6) 60.8 < 0.001 1 < 0.001

Yes 1,218 (89.4) 77.3 0.529 0.383-0.731

Rectal cancer (n=983)

Age (yr)

< 60 471 (47.9) 72.6 0.236 - -

! 60 512 (52.1) 68.9 - -

Sex

Female 369 (37.5) 71.5 0.674 - -

Male 614 (62.5) 70.3 - -

s-CEA

Normal 785 (79.9) 72.2 0.025 1 0.559

High 197 (20.1) 64.2 1.089 0.818-1.451

Histology

WD/MD 901 (91.6) 71.4 0.162 - -

PD/Muc/SRC 82 (9.4) 64.8 - -

Table 2. Univariate and multivariate analysis of factors prognostic of DFS in patients with node-positive colon and rectal

cancer

(Continued to the next page)
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poorer in ENE-positive colon cancer than in ENE-negative

rectal cancer patients, being 77.4% in patients with ENE-pos-

itive colon cancer and 68.6% in patients with ENE-negative

rectal cancer (p < 0.001). Taken together, these findings sug-

gest that ENE is one of important indicators of prognosis and

ENE can be considered a hallmark of tumor aggressiveness.

In general, patients with left-sided CRC are younger than

those with right-sided CRC [14]. As ENE is more frequent in

the left-sided than the right-sided CRC, ENE may be associ-

ated with younger age. 

ENE in metastatic LNs was found to be a well-known neg-

ative prognostic factor in patients with many other tumor

types. Recently, ENE was reported to be a poor prognostic

factor in patients with gastrointestinal tract cancers including

esophageal [17], stomach [1], and colorectal [15,18] cancers.

CRC can be subdivided by site, namely, the proximal

Chan Wook Kim, Prognostic Implication of ENE at CRC Sites

Univariate analysis Multivariate analysis

Variable

No. (%)
5-Year

p-value
Hazard

95% CI p-value
DFS rate ratio

pStage

Stage IIIA 147 (15.0) 91.2 < 0.001 1 < 0.001

Stage IIIB 662 (67.3) 70.6 3.012 1.663-5.456

Stage IIIC 174 (17.7) 54.0 3.778 1.991-7.169

ENE

Negative 504 (51.3) 77.4 < 0.001 1 0.014

Positive 479 (48.7) 64.1 1.383 1.067-1.792

LVI

Negative 591 (60.1) 77.4 < 0.001 1 0.002

Positive 392 (39.9) 60.8 1.519 1.166-1.980

PNI

Negative 733 (74.6) 76.0 < 0.001 1 0.001

Positive 226 (23.0) 54.6 1.594 1.225-2.075

CRM

Negative 932 (94.8) 71.8 0.005 1 0.165

Positive 51 (5.2) 54.3 1.368 0.879-2.130

Adjuvant CTx

No 149 (15.2) 62.0 0.007 1 0.005

Yes 834 (84.8) 72.2 0.627 0.453-0.868

Table 2. Continued

DFS, disease-free survival; CI, confidence interval; s-CEA, serum carcinoembryonic antigen; WD, well-differentiated; MD,

moderately differentiated; PD, poorly differentiated; Muc, mucinous; SRC, signet ring cell; RC, right colon; LC, left colon;

ENE, extranodal extension; LVI, lymphovascular invasion; PNI, perineural invasion; CTx, chemotherapy; CRM, circumfer-

ential resection margin.

Colon cancer (n=296) Rectal cancer (n=258)

ENE (–) ENE (+)
p-value

ENE (–) ENE (+)
p-value

(n=137) (n=159) (n=98) (n=161)

Hematogenous 77 (56.2) 75 (47.2) 0.121 70 (71.4) 98 (60.9) 0.084

Lymph node 26 (19.0) 41 (25.8) 0.163 17 (17.3) 31 (19.3) 0.702

Peritoneal seeding 17 (12.4) 23 (14.5) 0.606 4 (4.1) 8 (5.0) 0.742

Multiple route 11 (8.0) 17 (10.7) 0.435 2 (2.0) 14 (5.4) 0.168

Locoregional 6 (4.4) 3 (1.9) 0.213 5 (5.1) 10 (6.2) 0.711

Table 3. Recurrence pattern according to tumor location and ENE status

Values are presented as number (%). ENE, extranodal extension.
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colon, distal colon, and rectum [10,14]. These sites differ in
embryological origin, morphology, and physiology [11,14,19],
and histological differences have been observed in proximal
and distal CRC [20]. Epidemiologically, site-specific CRCs
differ according to sex and age [21]. Consequently, primary
rectal and colon cancers present with different recurrence
patterns and prognosis, and may require different treatment
modalities. 

Genomic determinants are important predictors of tumor
development and progression [22], and differ by tumor loca-
tion. Two main syndromes resulting from germline muta-
tions play a role in the occurrence of CRCs. In patients with
familial adenomatous polyposis, tumors occur predomi-
nantly in the distal colon (~60%) and rectum (~25%) [23]. In
patients with hereditary nonpolyposis colorectal cancer,
however, tumors develop predominantly in the proximal
colon (~55%) and rectum (~15%). Chromosomal instability
has been associated with 60%-70% of CRCs, more frequently
in the distal than in the proximal colon [24]. By contrast, the
frequencies of CpG island methylator phenotype–high, high
frequency of microsatellite instability, and BRAF mutations
have been reported to increase in a retrograde manner from
the rectum to the ascending colon [10]. Therefore, Yamauchi
et al. [10] insisted that the frequencies of molecular patho-
logic changes in CRC evolve gradually through bowel loca-
tion, rather than after abruptly at the splenic flexure and
rectosigmoid junction (continuum hypothesis). These find-
ings suggested a close association between molecular sub-
type and site-specificity. Interestingly, this study showed
that ENE rates increased significantly from patients with
right colon cancer (36.9%) to left colon cancer (42.6%) to rectal
cancer (48.7%) (right vs. left, p=0.037; left vs. rectum, p=0.009).
These facts were that ENE was a common aggressive feature
of CRC; however, it might be more related with distal part
CRC. Considering continuum hypothesis, frequency of ENE
increases from the right colon to the left colon to the rectum.
However, genomic and molecular level investigation is 
required to verify our assertions.

Multivariate analyses showed that advanced tumor stage,
ENE, LVI, PNI, and lack of adjuvant chemotherapy were 
independent poor prognostic factors for DFS in patients with
colon cancer and rectal cancer. Pathologic tumor stage is a
universally powerful prognostic factor [9], along with LVI or
PNI [25,26]. Adjuvant chemotherapy significantly improves
DFS and overall survival of patients with stage III CRC [27].
Our results showed that the prognostic impact of ENE in 
patients with colon and rectal cancer was same. However,
we found that patients with ENE-negative rectal cancer had
a better prognosis than those with ENE-positive colon can-
cer. In general, colon cancer is known to have a better sur-
vival rate than rectal cancer, but the survival rate of colon
and rectal cancer can be reversed according to ENE status.
Therefore, ENE status as well as tumor location may be an
important prognostic indicator. 

The limitations of this study include its retrospective 
design and its inclusion of patients who were treated at a sin-
gle center, restricting the ability to generalize from study 
results. To our knowledge, however, this study is the first to
report the prognostic effect of ENE separately in patients
with colon cancer and rectal cancer by analyzing a relatively
large patient cohort. 

In conclusion, the occurrence of ENE is closely related to
the aggressiveness of both colon and rectal tumors. ENE sta-
tus is a significant independent prognostic factor regardless
of tumor location. However, ENE might be more related with
distally located CRC.
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Purpose

Discovery of models predicting the exact prognosis of epithelial ovarian cancer (EOC) is nec-

essary as the first step of implementation of individualized treatment. This study aimed to

develop nomograms predicting treatment response and prognosis in EOC.

Materials and Methods

We comprehensively reviewed medical records of 866 patients diagnosed with and treated

for EOC at two tertiary institutional hospitals between 2007 and 2016. Patients’ clinico-

pathologic characteristics, details of primary treatment, intra-operative surgical findings,

and survival outcomes were collected. To construct predictive nomograms for platinum sen-

sitivity, 3-year progression-free survival (PFS), and 5-year overall survival (OS), we performed

stepwise variable selection by measuring the area under the receiver operating character-

istic curve (AUC) with leave-one-out cross-validation. For model validation, 10-fold cross-val-

idation was applied.

Results

The median length of observation was 42.4 months (interquartile range, 25.7 to 69.9

months), during which 441 patients (50.9%) experienced disease recurrence. The median

value of PFS was 32.6 months and 3-year PFS rate was 47.8% while 5-year OS rate was

68.4%. The AUCs of the newly developed nomograms predicting platinum sensitivity, 3-year

PFS, and 5-year OS were 0.758, 0.841, and 0.805, respectively. We also developed pre-

dictive nomograms confined to the patients who underwent primary debulking surgery. The

AUCs for platinum sensitivity, 3-year PFS, and 5-year OS were 0.713, 0.839, and 0.803, 

respectively.   

Conclusion

We successfully developed nomograms predicting treatment response and prognosis of

patients with EOC. These nomograms are expected to be useful in clinical practice and 

designing clinical trials.

Key words
Ovarian neoplasms, Ovarian epithelial cancer, Nomograms, 

Prognosis, Treatment response, Survival outcomes 
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Introduction

Ovarian cancer, one of the deadliest female cancers, shows
the lowest 5-year survival rate (46.5%) among gynecologic
malignancies [1,2]. Globally, it accounts for 226,000 new cases
and 158,000 cancer deaths each year [3], and its incidence has
been gradually increasing in Korea [4]. The absence of can-
cer-specific symptoms and effective screening tools has led
to high rates of ovarian cancer diagnosis in late stages, recur-
rence, and mortality [5].

The majority (90%) of ovarian cancers are epithelial ovar-
ian cancers (EOCs) [6]. Maximal cytoreductive surgery fol-
lowed by taxane- and platinum-based chemotherapy is con-
ducted as the primary treatment in patients with advanced-
stage EOC [7-9]. Nevertheless, 80% of patients who showed
complete response after the primary treatment eventually 
experience the disease recurrence [10].

In keeping with the era of precision medicine, discovery
of models predicting the exact prognosis of EOC is necessary
as the first step of implementation of individualized treat-
ment. To date, several prognostic indexes and predictive
nomograms for the survival outcome of EOC have been 
developed based on pre-operative imaging such as compu-
ted tomography (CT) scans, differential blood cell counts
such as platelet and neutrophil, tumor markers such as
serum cancer antigen 125 (CA-125) levels, operative findings,
or pathologic results [11-19]. However, these nomograms
were developed in different disease settings (primary or 
recurrent EOCs), analyzed only fragments of clinico-patho-
logic factors, and had a low or limited prediction ability mak-
ing it difficult for physicians to use them in clinical practice.
Moreover, the prediction of primary treatment response to
divide patients into possible platinum-sensitive recurrence
(PSR) or platinum-resistant recurrence (PRR) groups would
be useful in clinical trials on first and second-line treatments,
reducing the relevant time and cost.

Thus, this study aimed to develop more precise web-based
nomograms to predict treatment response and survival out-
comes in EOC of patients from two high-volume tertiary 
institutional hospitals through comprehensive review of
medical records and statistical analyses. All previously pub-
lished and possible prognostic factors were included as far
as possible and investigated in the current study.

Materials and Methods

1. Study population 

From the Ovarian Cancer Cohort Databases of two tertiary
institutional hospitals, we included patients who met the fol-
lowing inclusion criteria: (1) patients older than 18 years of
age; and (2) those with EOC diagnosed and primarily treated
at Seoul National University Hospital (SNUH) or Asan Med-
ical Center (AMC) between January 2007 and August 2016.
However, we excluded patients with the following condi-
tions: (1) patients with any malignancy other than EOC; and
(2) those with insufficient clinical data. As a result, we 
enrolled 866 patients who met these criteria; 570 from SNUH
and 296 from AMC (S1 Fig.).

2. Data collection

We collected a vast amount of patients’ clinicopathologic
data including 108 variables over 16 domains (S2 Fig.). Data
acquisition included age, personal history, such as parity, 
familial history of breast cancer or gynecologic malignancies,
and co-morbidities, such as hypertension or diabetes. Serum
CA-125 levels and differential blood cell counts including
neutrophil, lymphocyte, monocyte and platelet at initial 
diagnosis were obtained. International Federation of Gyne-
cology and Obstetrics (FIGO) stage, histology and tumor dif-
ferentiation, as well as details of primary treatment including
the use of neoadjuvant chemotherapy (NAC), extent and 
individual procedures of debulking surgery, and adminis-
tration and cycles of post-operative taxane- and platinum-
based chemotherapy, were also obtained. Residual tumor
size and sites after debulking surgery were investigated, and
optimal debulking surgery was considered when the size of
the residual tumor was less than 1 cm at the longest diame-
ter. Pre-operative imaging studies and intra-operative surgi-
cal findings were also investigated.

All patients underwent CT scans and measurement of
serum CA-125 levels every 3 cycles during post-operative 
adjuvant chemotherapy, and every 3 months for 1 year, then
every 6 months for next 3 years during surveillance after pri-
mary treatment. Reponses to chemotherapy were evaluated
by Response Evaluation Criteria in Solid Tumors (RECIST)
ver. 1.1 [20].

For the survival analyses, progression-free survival (PFS)
was defined as the time that elapsed from the start of the pri-
mary treatment (the date of primary debulking surgery
[PDS] or the date of the first cycle of NAC) to the date of dis-
ease progression as evaluated by RECIST ver. 1.1 in patients
with measurable disease [20]. In patients with unmeasurable
disease, the Gynecologic Cancer InterGroup criteria using
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serum CA-125 levels were used to confirm disease progres-

sion [21]. Overall survival (OS) was defined as the time that

elapsed from the date of initial diagnosis to the date of can-

cer-related death or end of the study. For all patients, the sta-

tus of survival was investigated using both institutional

medical records and the Social Security Death Index.

For the assessment of platinum sensitivity, only the pati-

ents who actually received taxane- and platinum-based che-

motherapy as primary treatment were included. Among

them, those who showed recurrence were classified into 

either PSR, defined as relapsing 6 months or more after com-

pletion of primary treatment, or PRR, defined as relapsing in

less than 6 months. In addition to PSR, those who completed

taxane- and platinum-based chemotherapy and did not 

experience disease recurrence for at least 6 months of the fol-

low-up period were also considered platinum-sensitive.

3. Statistical analysis

The overall work flow of statistical analysis is depicted in

Fig. 1. In total, there were 86 clinical variables that could play

a role as predictors of platinum sensitivity, 3-year PFS, and

5-year OS. After excluding 17 variables that had missing data

in more than 10% of the patients or had sparse occurrence

with observed counts of less than 10, we performed statistical

analysis on the 69 remaining variables.

Some variables, such as serum CA-125 levels, were log-

transformed to alleviate the skewness. For the eight variables

that needed proper categorizations (age, histology, involve-

ment of the spleen, omentum, small bowel and mesentery,

colon except rectosigmoid, and liver surface, and residual

tumor size after PDS or interval debulking surgery [IDS]),

we selected the most suitable categorizations showing high

statistical significances in univariate analyses. For platinum

sensitivity, a logistic regression univariate model was used

and for PFS and OS, Cox regression univariate models were

used. 

To exclude variables correlated with others, we selected a

variable or a set of variables from the group as follows.

Among weight, height, body mass index (BMI), and catego-

rized BMI, BMI was used in the analyses. Similarly, among

hemoglobin, differential blood cell counts, and their calcu-

lated secondary values, including neutrophil to lymphocyte

ratio, monocyte to lymphocyte ratio, and platelet to lympho-

cyte ratio, the following variables were selected: hemoglobin,

platelet count, neutrophil count, lymphocyte count, and

monocyte count.

Before building the prediction models, univariate analysis

was performed to screen for candidate clinical variables.

First, p-value was applied with 0.05 as the cutoff since a vari-

able with high area under the receiver operating character-

istic curve (AUC) can be an important predictor only when

it is statistically significant. Then, AUC was computed using

the 10-fold cross-validation procedure and 0.55 was applied

as the cutoff value. After screening, 26, 25, and 23 variables

remained for the construction of models predicting platinum

sensitivity, 3-year PFS, and 5-year OS, respectively. 

To build the prediction models, a logistic regression model

for platinum sensitivity and Cox regression models for PFS

and OS were fitted in stepwise variable selection using the

AUC. For Cox regression models, we constructed a time-

dependent receiver operating characteristic curve and calcu-

lated time-dependent AUC [22]. AUC was computed by

leave-one-out cross-validation as follows: we estimated the

parameters of a model on n-1 samples and got a prediction

on the remaining one with the estimated parameters from 

n-1 samples, where n is the sample size. This was repeated

on all the samples so that we had n predicted values based

on n estimated models. We computed AUC using the pre-

dicted values and the observed values of the response vari-

able. The reason why we used AUC rather than the p-value,

the Akaike's information criterion, or the Bayesian informa-

tion criterion was that the aim of this study was to identify

the model with the best prediction.

In order to select the first variable, we fitted as many uni-

variate models as the number of predictors. For each vari-

able, we computed AUC and selected the one with the

Test AUC-based
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Epithelial ovarian cancer (EOC)
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Fig. 1. Overall work flow of statistical analysis. AUC, area

under the receiver operating characteristic curve; CV,

cross-validation.
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highest AUC value. To search for the model with the highest
AUC, we employed forward and backward stepwise selec-
tions Let x(m) be the variable to be selected at step m and Sm
be the set which consists of x(1), ..., x(m). Suppose AUC(Sm–1, xi)
represents AUC value using {Sm–1, xi}.

(1) Forward step: For each xi∈ , the complement set of
Sm–1, AUC(Sm–1, xi) was computed. Then, we selected xi
if AUC(Sm–1, xi) was the highest and larger than
AUC(Sm–1), and set x(m)=xi and S(m)=Sm-1∪{x(m)}. If there
was no further selection, we proceeded to Step 3.

(2) Backward step: For each xi ∈Sm, AUC(Sm\{xi}) was

Sm-1c

Table 1. Patients’ clinicopathologic characteristics

(Continued)

Characteristic Value (n=866)
Age (yr) 53.5±11.2
BMI (kg/m2) 23.4±3.4
Co-morbidities

Hypertension
No 698 (80.6)
Yes 168 (19.4)

Diabetes
No 797 (92.0)
Yes 69 (8.0)

Dyslipidemia
No 803 (92.7)
Yes 61 (7.0)
Unknown 2 (0.2)

Pretreatment CBC
Hemoglobin (g/dL) 12.3±1.3
Platelets (!103/µL) 327.5±104.2
WBC (!103/µL) 7.1±2.5

Segmented neutrophils (%) 66.3±10.1
Count (!10/µL) 478.4±215.3

Lymphocytes (%) 24.3±9.0
Count (!10/µL) 160.2±56.2

Monocytes (%) 6.9±2.3
Count (!10/µL) 47.5±23.4

ln(CA-125) (IU/mL) 5.8±1.9
FIGO stage

I 220 (25.4)
II 62 (7.2)
III 441 (50.9)
IV 143 (16.5)

Histologic type
Serous 529 (61.1)
Endometrioid 96 (11.1)
Mucinous 79 (9.1)
Clear cell 85 (9.8)
Others 77 (8.9)

Primary treatment strategy
PDS 712 (82.2)
NAC 154 (17.8)

Residual tumor after PDS/IDS (cm)
No gross 638 (73.7)
< 1 144 (16.6)
1-2 44 (5.1)
> 2 31 (3.6)
Unknown 9 (1.0)

Table 1. Continued

Values are presented as mean±standard deviation or num-
ber (%). BMI, body mass index; CA-125, cancer antigen
125; CBC, complete blood count; WBC, white blood cell;
FIGO, International Federation of Gynecology and Obstet-
rics; PDS, primary debulking surgery; NAC, neoadjuvant
chemotherapy; IDS, interval debulking surgery; CR, com-
plete remission; PR, partial remission; SD, stable disease;
PD, progressive disease; PSR, platinum-sensitive recur-
rence; PRR, platinum-resistant recurrence; SD, standard
deviation. a)Reponses to chemotherapy were evaluated by
Response Evaluation Criteria in Solid Tumors (RECIST)
ver. 1.1, b)PSR was defined as relapse " 6 months after com-
pletion of taxane- and platinum-based chemotherapy,
whereas PRR as relapse < 6 months, c)In addition to PSR,
the patients who completed taxane- and platinum-based
chemotherapy and did not experience disease recurrence
during at least 6 months of follow-up period were consid-
ered platinum-sensitive.

Characteristic Value (n=866)
Post-operative taxane- and 
platinum-based chemotherapy
No 74 (8.5)
Yes 792 (91.5)

CRa) 616 (71.1)
PR 108 (12.5)
SD 13 (1.5)
PD 55 (6.4)

Recurrence
No 425 (49.1)
Yes 441 (50.9)

No post-operative chemotherapy  8 (0.9)
PSRb) 285 (32.9)
PRR 148 (17.1)

Platinum sensitivity
Platinum-sensitivec) 562 (64.9)
Platinum-resistant 148 (17.1)
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computed, where  Sm\{xi} represented the set Sm with-
out xi. We deleted xi if AUC(Sm\{xi}) was the highest
and larger than AUC(Sm). If there was no further dele-
tion, we proceeded to Step 3.

(3) Stop the stepwise method for variable selection.
The final models were used to construct nomograms for

platinum sensitivity, 3-year PFS, and 5-year OS, respectively.
To double-check the AUCs for the models, which were 
established from the stepwise selection by AUC using leave-
one-out cross-validation, 10-fold cross-validation was 
applied. 

All the statistical analyses were performed using the R sta-
tistical software ver. 3.4.3 (The R Foundation for Statistical
Computing, Vienna, Austria; ISBN 3-900051-07-0; http://
www.R-project.org). A p-value of < 0.05 was considered sta-
tistically significant.

4. Ethical statement

The study was approved by the Institutional Review Board
of both SNUH (IRB No. 1609-132-798) and AMC (IRB No.
2017-0199) and performed in accordance with the principles
of the Declaration of Helsinki. The informed consent was
waived.

Results

1. Patients’ clinicopathologic characteristics

The clinicopathologic characteristics of a total of 866 pati-
ents are presented in Table 1. The patients’ mean age was
53.5 years. Overall, 584 patients (67.4%) had FIGO stage III-
IV disease, and the most common histologic type was serous
type (61.1%). Details of primary treatment are also shown in
Table 1. A total of 712 patients (82.2%) received PDS, whereas
the other 154 (17.8%) received NAC followed by IDS. The
rate of optimal debulking surgery was 90.3%. After surgery,
792 patients (91.5%) received post-operative taxane- and plat-
inum-based chemotherapy. Among them, 616, 108 and 13 
patients showed complete remission, partial remission and
stable disease, respectively, whereas 55 patients showed pro-
gressive disease. Table 2 depicts pre-operative and intra-
operative findings according to the anatomic sites. Analysis
for ascites of peritoneal washing cytology was performed in
785 patients (90.6%), and malignant cells were detected in
482 patients (55.7%). Meanwhile, 76 patients (8.8%) presen-
ted pleural effusion at the time of diagnosis.

2. Patients’ survival outcomes and treatment response

The median duration of follow-up for the 866 patients was
42.4 months (interquartile range, 25.7 to 69.9 months), during
which 441 patients (50.9%) experienced disease recurrence.
OS and PFS of the patients are displayed in Fig. 2. The 
median OS was not reached, while the median PFS was 32.6
months. The 5-year OS and 3-year PFS rates were 68.4% and
47.8%, respectively.

Survival outcomes according to the FIGO stage are pre-
sented in S3 Fig. Significant differences were observed in OS
(p < 0.001), as well as in PFS (p < 0.001), according to the
FIGO stage. The 5-year OS rates for FIGO stage I-II and stage

Table 2. Pre-operative and intra-operative findings accor-
ding to the anatomic sites

Characteristic No. (%) (n=866)

Pleural effusion

No 790 (91.2)
Yes 76 (8.8)

Cytology not performed 29 (3.3)
Negative for malignant cell 9 (1.0)
Positive for malignant cell 38 (4.4)

Ascites or peritoneal washing cytology

Negative for malignant cell 303 (35.0)
Positive for malignant cell 482 (55.7)

Ovarian surface

No involvement 245 (28.3)
Yes 581 (67.1)

Fallopian tube

No involvement 451 (52.1)
Yes 391 (45.2)

Uterus

No involvement 477 (55.1)
Yes 344 (39.7)

Colon except rectosigmoid colon

No involvement 631 (72.9)
Yes 233 (26.9)

Omentum (cm)

No involvement 439 (50.7)
! 2 162 (18.7)
> 2 263 (30.4)

Small bowel and mesentery (cm)

No involvement 619 (71.5)
! 2 194 (22.4)
> 2 47 (5.4)

Liver surface (cm)

No involvement 719 (83.0)
! 2 108 (12.5)
> 2 36 (4.2)
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III-IV were 91.9% and 55.8%, respectively, and the 3-year PFS

rates were 84.9% and 30.6%, respectively. For stage III-IV, the

median OS was 76.8 months and the median PFS was 17.9

months. 

We also performed survival analyses according to the pri-

mary treatment strategies. Patients in the PDS group showed

significantly better OS (5-year survival rates, 73.3% vs. 45.6%;

p < 0.001) and PFS (median, 59.6 vs. 15.9 months; p < 0.001)

compared to those in the NAC group (Fig. 3).

Among the recurred (n=441), 433 patients (98.2%) had 

received post-operative taxane- and platinum-based chemo-

therapy: in all, 285 patients and 148 patients were PSR and

PRR, respectively. In the assessment of platinum sensitivity,

562 (64.9%) and 148 (17.1%) were classified as platinum-sen-

sitive and -resistant patients, respectively (Table 1).

3. Development of predictive nomograms

Using the statistical method described above, the nomo-

grams were developed. Figs. 4, 5, and 6 depict the developed

Fig. 2.  Survival outcomes of the study population. (A) Overall survival. (B) Progression-free survival. CI, confidence inter-
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Fig. 3.  Survival outcomes according to the primary treatment strategy. (A) Overall survival. (B) Progression-free survival.

PDS, primary debulking surgery; NAC, neoadjuvant chemotherapy; CI, confidence interval.
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nomograms for platinum sensitivity, 3-year PFS, and 5-year
OS, respectively.

The nomogram for predicting platinum sensitivity inclu-
ded the following variables: log serum CA-125 levels at 
diagnosis, FIGO stage, histologic type, NAC, pleural effu-
sion, ascites or peritoneal washing cytology, involvement of
the omentum, uterus, colon except rectosigmoid, and liver
surface, and residual tumor size after debulking surgery. The
AUC of this model was 0.758.

By the same algorithm, a nomogram for the prediction of
3-year PFS was developed. It was composed of hemoglobin,
lymphocyte count, monocyte count, and log serum CA-125
levels at diagnosis, ascites or peritoneal washing cytology,
NAC, involvement of the ovarian surface, tube, omentum,
and small bowel and mesentery, and residual tumor size
after PDS/IDS, with an AUC value of 0.841.

The newly developed nomogram for predicting 5-year OS
consisted of lymphocyte count, monocyte count, log serum
CA-125 levels, pleural effusion, ascites or peritoneal washing

cytology, NAC, and involvement of the uterus, tube, omen-
tum, colon except sigmoid, and small bowel and mesentery,
with an AUC value of 0.805.

We performed 10-fold cross-validation to compute the
AUCs of the nomograms for platinum sensitivity, 3-year PFS,
and 5-year OS from stepwise selection by AUC using leave-
one-out cross-validation. The values of AUC of the proposed
nomograms were 0.743, 0.841, and 0.810 for platinum sensi-
tivity, 3-year PFS, and 5-year OS, respectively. These values
were similar to those we estimated by leave-one-out cross-
validation.

Finally, we fitted a user-friendly interface on the devel-
oped nomograms and posted them onto a website (http://
statgen.snu.ac.kr/software/nomogramOvarian) to facilitate
clinical use. These web-based nomograms consisted of an
HTML file for the input of the risk factors and a CGI file for
the output of the calculated results. 

Fig. 4. The developed nomogram predicting platinum sensitivity. CA-125, cancer antigen 125; FIGO, International Federation
of Gynecology and Obstetrics; NAC, neoadjuvant chemotherapy.
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4. Development of nomograms excluding patients who 
underwent NAC

We also developed predictive nomograms using the same
procedure confined to the patients who underwent PDS. For
platinum sensitivity, the nomogram consisted of hemoglo-
bin, monocyte count, log serum CA-125 levels, pleural effu-
sion, involvement of the uterus, omentum, and colon except
rectosigmoid, and residual tumor size after PDS, with an
AUC value of 0.713.

For 3-year PFS, the nomogram consisted of hemoglobin,
lymphocyte count, monocyte count, segmented neutrophil
count, FIGO stage, ascites or peritoneal washing cytology,
and involvement of the tube, omentum, small bowel and
mesentery, and large bowel resection with an AUC value of
0.839.

For 5-year OS, the nomogram included lymphocyte count,
monocyte count at diagnosis, ascites or peritoneal washing
cytology, and involvement of the tube, uterus, colon except

sigmoid, and small bowel and mesentery with an AUC value
of 0.803.

Discussion

In the present study, we successfully developed nomo-
grams predicting platinum sensitivity, 3-year PFS, and 5-year
OS of patients with EOC. The AUCs were calculated as 0.758,
0.841, and 0.805, respectively. To our knowledge, this is the
first study developing predictive nomograms from two ter-
tiary institutional hospitals in Korean patients with EOC.

In accordance with the era of precision medicine, demands
on such predictive nomograms are increasing, and utilization
of them will facilitate individualized treatment. As a nomo-
gram visualizes the risks or benefits intuitively, a clinically
relevant nomogram will be a useful tool during consultation

Fig. 5. The developed nomogram predicting 3-year progression-free survival. Hb, hemoglobin; NAC, neoadjuvant chemo-
therapy; PDS, primary debulking surgery; IDS, interval debulking surgery; CA-125, cancer antigen 125. 
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between physicians and patients in clinical practice. For 

example, if an EOC patient was identified at high risk for 

recurrence or platinum resistance by our newly developed

nomograms, she might undergo more aggressive treatments

in addition to the standard treatment: intraperitoneal che-

motherapy or bevacizumab maintenance treatment might be

considered. Physicians might recommend her to receive

germline BRCA1/2 testing as early as possible, so as to pre-

scribe poly(ADP-ribose) polymerase (PARP) inhibitors based

on the test results. Beside these aggressive treatments, more

frequent surveillance schedule might be provided to the 

patients for earlier detection of recurrence than by usual

methods.

To date, several nomograms predicting survival prognosis

of EOC have been developed in various disease settings. In

2007, a Japanese multicenter study proposed a prognostic

index to predict OS in FIGO stage III-IV disease [11], while a

Memorial Sloan-Kettering Cancer Center group published a

nomogram predicting 5-year OS after PDS confined to bulky

stage IIIC disease in 2008 [12]. The same group further 

developed the nomogram, expanding it to the entire stage

[14]. A two-center study in the Netherlands proposed nomo-

grams for PFS and OS in patients with advanced-stage EOC

[13]. An Australia research group used data from the 

CALYPSO trial and developed prognostic nomograms to

predict platinum-sensitive recurrent EOC patients’ PFS and

OS in 2011 and 2013, respectively [15,16]. Previs et al. [17]

performed a multicenter retrospective study and reported a

nomogram predicting 5-year OS probability in recurrent

EOC patients who received bevacizumab and chemotherapy.

In their multivariate model, prior number of chemotherapy

regimens, treatment free interval, platinum sensitivity, and

the presence of ascites were identified as prognostic variables

[17]. Recently, a nomogram for survival in PRR was also 

developed by reviewing medical records of 164 patients ret-

rospectively [19]. As described in the studies above, nomo-

grams for EOC have been developed in different disease

settings or study populations.

Fig. 6. The developed nomogram predicting 5-year overall survival. NAC, neoadjuvant chemotherapy; CA-125, cancer anti-

gen 125.
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Compared to the previous studies, the current study had
a different and more specific design. We confined the study
population to those with EOC who received primary treat-
ment in two tertiary institutional hospitals. We also collected
a vast amount of patients’ clinic-pathologic data, trying to 
include all the previously published and possible prognostic
factors as possible. Keeping in mind that the newly devel-
oped nomograms should be utilized in clinical practice or 
designing clinical trials, pre-operative and intra-operative
findings were systematically organized. At the time of sta-
tistical analyses, we tried to avoid analyzing only fragments
of clinic-pathologic factors. Rather, we performed stepwise
selection method to select variables.

During stepwise variable selection, we also computed
AUCs by 10-fold cross-validation, which were utilized for 
selecting variables, and obtained prediction models. When
we repeated these processes, we observed a big variation in
the selected models. This might originate from the existence
of variables with similar prediction abilities. To solve such
big variations among the selected models, we applied leave-
one-out cross-validation when we computed AUCs in vari-
able selection. As a result, we were able to provide prediction
models which do not depend on random partitioning. Such
a clear statistical method has contributed to increase the 
robustness and prediction accuracy of the developed model.

Interestingly, components of differential blood cell counts,
as well as hemoglobin, were included in the nomograms as
prognostic factors. In the nomogram for predicting 3-year
PFS, hemoglobin, lymphocyte count, and monocyte count
were included and in the nomogram for predicting 5-year
OS, lymphocyte count and monocyte count were included.
Among the previous studies on development of nomograms
predicting prognosis of EOC, Gerestein et al. [13] reported
that pre-operative platelet count was one of the prognostic
factors for PFS, while pre-operative platelet count and serum
hemoglobin concentration were prognostic factors for OS. In
the retrospective study by Paik et al. [18], lymphocyte count
and monocyte count were included in their nomogram for
platinum sensitivity, while platelet count and neutrophil
count were included in the nomograms for 3-year PFS and
5-year OS, respectively. It is well known that neutrophilic
differentiation is induced by tumors through various che-
mokines, and is associated with angiogenesis and cell prolif-
eration [23]. However, the scientific evidence underlying
differential blood cell counts and its impact on the prognosis
of EOC still remains unclear.

The current study had several limitations. Firstly, owing
to the retrospective study design, inevitable issues, such as
selection bias, may exist. Secondly, the developed nomo-
grams were only validated internally using cross-validation
methods. Although the cross-validation is well-known and
reasonable, external validation processes in large-sized 

cohorts are still warranted. Lastly, use of targeted agents,
such as bevacizumab, a monoclonal antibody targeting vas-
cular endothelial growth factor A, and PARP inhibitors was
not considered in this study because of very low proportions
among the study population. In Korea, the National Health
Insurance System (NHIS) started to cover bevacizumab in
platinum-resistant relapsed EOC in August 2015 based on
the results of the AURELIA trial [24], and in May 2018,
started to cover bevacizumab in patients with PSR based on
the OCEANS and GOG-0213 trials [25,26]. Meanwhile, 
although three recent randomized trials on maintenance
therapy with three types of PARP inhibitors reported signif-
icantly improved PFS in platinum-sensitive relapsed EOC
with BRCA mutation, only olaparib has been covered by
NHIS since October 2017 [27]. If clinical data on these drugs
accumulate, it would be worth developing a predictive
nomogram for prognosis in EOC considering use of such
drugs as variables.

Despite the study’s limitations, strengths of this study are
as follows: (1) the specific study design and statistical metho-
dology allowed us to integrate and analyze EOC patients’
clinicopathologic characteristics comprehensively, yielding
valuable findings. (2) Compared to previously published
studies, the sample size and the number of collected vari-
ables were larger in the current study. Especially, patients
from two highest volume tertiary hospitals in Korea were 
included. Each hospital operates its own comprehensive can-
cer center. (3) Because we determined each patient’s survival
status by querying the Korean government’s Social Security
Death Index, survival data are very accurate. (4) Professional
statisticians of the research team analyzed vast amount of 
patients’ data. Although policy for treatment of EOC is same,
patients’ data might be somehow heterogeneous. However,
the statisticians combined them well and successfully per-
formed statistical analyses. (5) Predictive nomograms for the
patients who will undergo PDS were also developed. 

In conclusion, we have successfully developed nomo-
grams for predicting platinum sensitivity, 3-year PFS, and 
5-year OS of patients with EOC. By providing the exact prog-
nosis of EOC to the individual patients, the nomograms are
expected to be useful in clinical practice and in conducting
prospective cohort studies or designing clinical trials. Fur-
thermore, if the multi-omics data of EOC patients are added
onto the predictive models, we expect that the predictive
ability of the model will increase. 
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High-Dose Thoracic Re-irradiation of Lung Cancer Using Highly 
Conformal Radiotherapy Is Effective with Acceptable Toxicity

Original Article

Purpose

Thoracic re-irradiation (re-RT) of lung cancer has been challenged by the tolerance doses

of normal tissues. We retrospectively analyzed local control, overall survival (OS) and toxicity

after thoracic re-RT using highly conformal radiotherapy, such as intensity modulated radio-

therapy and stereotactic body radiotherapy.

Materials and Methods

Thirty-one patients who received high-dose thoracic re-RT were analyzed. Doses were recal-

culated to determine biologically equivalent doses. The median interval to re-RT was 15.1

months (range, 4.4 to 56.3 months), the median initial dose was 79.2 Gy10 (range, 51.75 to

150 Gy10), and the median re-RT dose was 68.8 Gy10 (range, 43.2 to 132 Gy10). 

Results

Eighteen (58.1%) and eleven (35.5%) patients showed loco-regional recurrence and distant

metastasis, respectively, after 17.4 months of median follow-up. The 1-year and 2-year local

control rates were 60.2% and 43.7%, respectively. The median loco-regional recurrence-

free-survival (LRFS) was 15.4 months, and the median OS was 20.4 months. The cumulative

and re-RT biologically equivalent dose for !/"=10 (BED10) doses were the most significant

prognostic factors. Cumulative BED10 # 145 Gy10 and re-RT BED10 # 68.7 Gy10 were signifi-

cantly associated with longer OS (p=0.029 and p=0.012, respectively) and LRFS (p=0.003

and p=0.000, respectively). The most frequent acute toxicity was grade 1-2 pulmonary tox-

icity (41.9%). No acute grade 3 or higher toxicities occurred.   

Conclusion

Our results show that high-dose thoracic re-RT of lung cancer can be safely delivered using

highly conformal radiotherapy with favorable survival and acceptable toxicity. An optimal

strategy to select patients who would benefit from re-RT is crucial in extending the indica-

tions and improving the efficacy with a sufficiently high dose.
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Lung neoplasms, Re-irradiation, Intensity modulated radiotherapy, 
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Introduction

Lung cancer is the second most common cancer in the
world and the fourth most common cancer in Korea. In
Korea, 23,177 patients were newly diagnosed in 2013 and
17,330 lung cancer patients died in 2014 [1]. Lung cancer has
been the leading cause of cancer death in Korea since 1983.
The prevalence of lung cancer is still increasing and expected

to continue increasing for the next 10 years [2].
In lung cancer, radiotherapy (RT) plays a major role in

treatment with curative intent [3,4]. However, the 5-year
loco-regional progression rate of non-small cell lung cancer
(NSCLC) with initial concurrent RT treatment is 28.9% [5],
and local failure of small cell lung cancer (SCLC) treatment
occurs in up to 36%-52% of patients with initial concurrent
RT [6]. Locoregional disease recurrence continues to be a
major problem and has been the main cause of death after
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initial definitive chemoradiotherapy or RT.
Since there are few prospective trials for high-dose re-irra-

diation (re-RT) in the thorax, the effect and safety of high
dose re-RT is uncertain. High-dose re-RT might cause severe
radiation injury, such as radiation pneumonitis, esophagitis,
fistula, and stenosis. Furthermore, the tolerance of normal
tissues in the context of re-RT is unknown. However, owing
to recent technological advances in RT and imaging tech-
niques, high-dose re-RT is now considered to be a potential
salvage treatment approach [7-9].

In this study, we retrospectively analyzed our institutional
experience to evaluate cancer control parameters, including
local control (LC), loco-regional progression-free survival
(LRFS), local progression-free survival (LPFS), and overall
survival (OS), as well as the toxicities of re-RT using highly
conformal RT, such as intensity modulation radiotherapy
(IMRT) or stereotactic body radiotherapy (SBRT).

Materials and Methods

1. Patients

From August 2005 to November 2016, 56 patients with
lung cancer received a second course of thoracic RT. Each 
patient was discussed in a multidisciplinary team with tho-
racic surgeons, respiratory physicians, radiologists and med-
ical oncologist before they decided to receive a second course
of RT. Patients who satisfied the following criteria were 
included in the study: (1) the primary tumor was histologi-
cally diagnosed as NSCLC or SCLC; (2) recurrences were
confirmed by documented radiographic findings and/or
pathological biopsies within the thoracic area; (3) patients
had received re-RT to the thorax; (4) patients had received
curative intent RT of more than 50 Gy for NSCLC and for 
patients with SCLC who were treated with radical concur-
rent chemoradiation (CCRT), with 45 Gy twice a day; and (5)
there were no active distant metastasis or controlled solitary
distant metastasis at the time of re-RT. 

Patient charts were reviewed, and the following data were
collected: sex, smoking history, surgery history, history of
chemotherapy, Eastern Cooperative Oncology Group (ECOG)
performance status (PS) before re-RT, tumor histology, stages
at initial RT and second RT, planning tumor volume (PTV),
and gross tumor volume (GTV) at the first and second RT
(mL), RT doses, biologically equivalent dose (BED, !/"=10
and 3), fraction size of at the first and second RT, RT tech-
niques of the initial course and of re-RT, time interval bet-
ween RT courses, acute and chronic toxicities, survival dura-
tion, LC, LRFS, LPFS, and distant metastasis-free survival

(DMFS). All of the tumors were staged using the 7th edition
of the American Joint Committee on Cancer (AJCC) staging.

2. Treatment/radiotherapy

For treatment planning, pretreatment imaging was obtai-
ned in the supine position. For the re-RT, 4-dimensional com-
puted tomography (4D-CT) was taken routinely. The
primary tumor and enlarged lymph nodes were contoured
as the GTV on axial treatment planning CT based on the pre-
treatment chest CT and/or fluorine-18-2-fluoro-2-deoxy-
D-glucose positron emission tomography and computed 
tomography (FDG-PET/CT). The clinical target volume
(CTV) was defined as a 0.5 cm expansion from the GTV, and
the PTV was determined by expanding the CTV by adequate
margins from the tumor movement assessed in 4D-CT. 

The treatments were delivered using the three-dimen-
sional conformal radiotherapy (3D-CRT) technique with a
linear accelerator for the initial RT, except for four patients
who were treated using IMRT technique. For re-RT, every
treatment was administered using daily volumetric image-
guidance RT using kilovoltage or megavoltage cone beam
CT from a highly conformal treatment modality, such as
IMRT or helical tomotherapy (TOMO). A noncoplanar field
technique was used for IMRT or SBRT. When patients have
lesions close proximity to trachea or esophagus, to spare the
region of interests more efficiently, TOMO were used for a
re-RT plan. 

3. Follow-up and toxicity analysis 

After the re-RT was completed, patients were regularly fol-
lowed up at 2-3 month intervals with examinations, such as
blood tests, chest X-rays, chest computed tomography (CT),
and FDG-PET/CT if needed. LC was defined as no progres-
sive disease in the high-dose treatment volume within 50%
of the isodose line. 

The OS time after re-RT was the time between the first day
of the second RT and the date of the patient’s death or most
recent follow-up visit. LPFS was defined as the time between
the first day of the second RT and date of recurrence in the
re-irradiated high-dose treatment volume. LRFS and DMFS
were defined as the time between the first day of the second
RT and the date that the loco-regional recurrence or distant
metastasis was documented and imaged. 

The severity of the acute and late toxicities was evaluated
by the Common Terminology Criteria for Adverse Events
(CTCAE) ver. 4.03. Acute toxicities were defined as adverse
effects that appeared within 3 months from the start of RT.
The adverse effects that appeared after three months were
defined as late toxicities.
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4. Statistical analysis

Survival outcomes were estimated by Kaplan-Meier analy-
sis. Mann-Whitney analysis was used to evaluate the rela-
tionship between the RT parameters and toxicities. Cox
regression was used to assess the associations between the
survival outcomes and predictive factors. A p-value of < 0.05
was considered significant. Multivariable analysis was pre-
cluded by the small number of events. All statistical analyses
were performed with SPSS software ver. 23.0 (IBM Corp., 
Armonk, NY).

5. Ethical statement

This study was approved by the Institutional Review
Board (IRB) of Seoul St. Mary's Hospital (IRB number:
KC17RESI0660). The necessity of informed consent for this
retrospective analysis was waived.

Results

1. Patient and tumor characteristics

Thirty-one patients, among which 24 (77.4%) had NSCLC
and seven (22.6%) had SCLC, were included in the second
course of thoracic re-RT. The patient characteristics are
shown in Table 1. The median age at the re-RT was 63.6 years
(range, 43.6 to 88.9 years). There were 27 males (87.1%) and
four females (12.9%). Twenty-nine patients (93.5%) showed
an ECOG PS 0 or 1 at the time of re-RT. Only two patients
showed an ECOG 2.

In nine cases (29%), pathological confirmation of recur-

Table 2. Overview of the initial RT

Values are presented as median (range) or number (%).
RT, irradiation; NSCLC, non-small cell lung cancer; SCLC,
small cell lung cancer; BED10, biologically equivalent dose
for !/"=10; IMRT, intensity modulation radiotherapy;
PTV, planning tumor volume; GTV, gross tumor volume.

Parameter Value
Dose (Gy) 60 (45-66)

NSCLC 64.5 (50-66) 
SCLC 45 (

Dose, BED Gy10 79.2 (51.8-150)
NSCLC 79.2 (60-150)
SCLC 51.8 (

Fraction size 2 (1.5-15)
Type of radiation

Conformal 27 (87.1)
IMRT 4 (12.9)

Concurrent chemotherapy
Yes 19 (61.3)
No 12 (38.7)

RT purpose
Radical 21 (67.7)
Salvage 5 (16.1)
Adjuvant 5 (16.1)

PTV (mL) 353.2 (33.3-679.9)
GTV (mL)  57.4 (2.8-211.5)

Table 1. Characteristic of patients and tumors

Values are presented as median (range) or number (%). 
re-RT, re-irradiation; ECOG PS, Eastern Cooperative 
Oncology Group performance status; NSCLC, non-small
cell lung cancer; SqCC, squamous cell carcinoma; Ade-
noca, adenocarcinoma; SCLC, small cell lung cancer;
AJCC stage, American Joint Committee on Cancer seventh
edition; LD, limited disease; ED, extensive disease.

Characteristic Value
Age at re-RT (yr) 63.6 (43.6-88.9)
Sex

Male 27 (87.1)
Female 4 (12.9)

History of tobacco use 25 (80.6)
History of thoracic surgery 9 (29.0)
ECOG PS at re-RT

0 6 (19.4)
1 23 (74.2)
2 2 (6.5)

Histology 
NSCLC

SqCC 15 (48.4)
Adenoca 8 (25.8)
Others, large cell 1 (3.2) 

SCLC 7 (22.6)
Initial AJCC stage 

NSCLC
I 3 (9.7)
II 4 (13)
III 14 (45.1)
IV 2 (6.4)
Unknown 1 (3.2)

SCLC
LD 5 (16.1)
ED 2 (6.5)
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rence or progression was performed before re-RT. One pati-
ent with squamous cell carcinoma at the initial treatment was
confirmed as having a non-specified malignancy, and one
patient with SCLC at the initial diagnosis was shown to have
squamous cell carcinoma with neuroendocrine differentia-
tion. Except for these two patients, the pathologic results
were the same as the initial results. Three patients were given
CCRT as re-RT because PTV was small as they recurred on a
single lymph node and they weren’t heavily treated with
chemotherapy. Four SCLC patients were treated with che-
motherapy after re-RT as courses of treatment. For NSCLC
patients, ten patients hadn’t received treatment including 
radiation, surgery, and chemotherapy until progressions of
disease had found. However, after the progressions have

found, chemotherapy was given. Five NSCLC patients were
given chemotherapy after re-RT as courses of the treatment
because their recurred tumors burden was large with the
nodal chain metastasis or large size of the recurrent tumor.
Therefore, nineteen patients (61.3%) received additional sys-
temic chemotherapy after re-RT.

The overview of the initial RT and re-RT is shown in Tables
2 and 3. The median interval between the end of the initial
RT and the start of re-RT was 15.1 months (range, 4.4 to 56.3
months). For the initial RT, the median RT dose was 60 Gy
(range, 45 to 66 Gy) and 79.2 Gy10 (range, 51.75 to 150 Gy10).
Twenty-six patients (83.9%) received RT via 3D-CRT, and
four patients were treated with linac–based IMRT or TOMO.
Concurrent chemotherapy was delivered to 19 patients
(61.3%). The median PTV was 353.15 mL (range, 33.3 to 679.9
mL) and the median GTV was 57.4 mL (range, 2.83 to 211.5
mL).

For re-RT, the median RT dose was 50 Gy (range, 35 to 65
Gy) and 68.8 Gy10 (range, 43.2 to 132 Gy10). All patients were
treated using high conformal RT via IMRT or SBRT. Only
three patients (9.7%) were administered concurrent chemo-
therapy. Ten patients (32.2%) showed more than 3 Gy in the
RT fraction size. By a multidisciplinary team, elderly pati-
ents, patients with comorbidities, and patients with poor pul-
monary function tests tend to decide to treat with radiation,
especially SBRT rather than surgery. The median PTV was
51.3 mL (range, 13 to 299.3 mL), and the median GTV was
13.45 mL (range, 1.4 to 124.9 mL). 

2. Treatment outcomes and survival

At the time of the last follow up, 23 patients were deceased
and eight patients were alive. The median follow-up time
was 17.4 months (range, 4.8 to 76.8 months). Eighteen pati-
ents (58.1%) showed loco-regional recurrence, sixteen exhib-
ited progression in the high-dose irradiated volume and two
patients had progression of the regional nodal chain in the
out-field. Eleven patients (35.5%) showed distant metastasis
after re-RT. Both local recurrence and distant metastasis after
re-RT were observed in six patients. The major sites of distant
metastasis were the brain and the contra-lateral lung, which
occurred in four patients (36.4%) each. Abdominal lymph
node metastasis occurred in two patients (18.2%), while 
hepatic metastasis occurred in one patient (9.1%), and bone
metastasis occurred in one patient (9.1%).    

The crude LC was 48.4%. The 1-year and 2-year LC rates
were 60.2% and 43.7%, respectively. The LRFS was 15.4
months (range, 3.4 to 76.8 months). 1-Year and 2-year LRFS
rates were 58.1%, and 36.2%, respectively (Fig. 1). The 
median DMFS was 29.8 months (range, 2.2 to 76.8 months).
1-Year and 2-year DMFS rates were 72.8% and 65.5%, respec-
tively. The median OS was 20.4 months (range, 4.8 to 76.8

Table 3. Overview of re-RT

Values are presented as median (range) or number (%). 
Interval: the first day of re-RT–the last day of initial RT.
re-RT, re-irradiation; NSCLC, non-small cell lung cancer;
SCLC, small cell lung cancer; BED10, biologically equiva-
lent dose for !/"=10; SBRT, stereotactic body radiother-
apy; IMRT, intensity modulation radiotherapy; TOMO,
tomotherapy; PTV, planning tumor volume; GTV, gross
tumor volume.

Characteristic Value
Interval to re-RT 15.1 (4.4-56.3)
Dose (Gy) 50 (35-65)

NSCLC 51.4 (45-65)
SCLC 45 (35-55)

Dose, BED Gy10 68.8 (43.2-132)
NSCLC 68.8 (55.1-132)
SCLC 58.5 (43.2-70.2)

Fraction size (Gy)
! 3 21 (67.7)
> 3 10 (32.2)

Re-RT field according to initial RT field 
(70% dose line level)
In-field 23 (74.2)
Out-field 8 (25.8)

Laterality according to initial RT field
Ipsilateral 25 (80.6)
Contralateral 6 (19.4)

Type of radiation
SBRT 10 (32.3)
IMRT, TOMO 21 (67.7)

Concurrent chemotherapy
Yes 3 (9.7)
No 28 (90.3)

Median PTV (mL) 51.3 (13-299.3)
Median GTV (mL) 13.5 (1.4-124.9)
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months). 1-Year and 2-year OS rates were 76.8% and 39.4%,
respectively (Fig. 2). 

According to univariate analysis, the cumulative BED10

! 145 Gy10 and re-RT BED10 ! 68.7 Gy10 were significant fac-
tors for a longer OS (p=0.029 and p=0.012, respectively). They
were also associated with a longer LRFS (p=0.003 and p=0.000,
respectively). Higher cumulative BED10 and re-RT BED10 also
typically showed trends toward longer DMFS (p=0.072 and
p=0.053, respectively). These findings demonstrate that a
higher radiation dose leads to a better treatment outcome in
locoregionally recurrent lung cancer. Chemotherapy after 
re-RT, male gender, PTV < 51.3 mL at re-RT, GTV < 10 mL at
re-RT and fraction size > 3 Gy were also significant factors
for longer DMFS (p=0.020, p=0.034 p=0.007, p=0.024, and
p=0.006, respectively). In those small volume tumors, high-
dose radiation to recurrent lung cancer resulted in a long
DMFS. There were no significant differences in the OS, LRFS,
and DMFS with regard to the other factors (Table 4).

3. Toxicity

The most frequent acute toxicity was grade 1-2 pulmonary
toxicity including dyspnea, cough and pneumonitis. No
grade 3-4 acute toxicities were observed. Grade 1 and 2 pul-
monary toxicities were observed in 18 and 10 patients, res-
pectively, at a median of 3.02 months (range, 0.17 to 13.9
months). The median cumulative mean lung dose (MLD)
was 16.28 Gy3. There was a statistically significant difference
in the cumulative MLD and acute pulmonary symptoms
(p=0.004). There were no statistical differences in pulmonary
toxicities associated with the total BED10 dose, re-RT BED10

dose, re-RT PTV volume, or location of the RT field, which
were either central or peripheral and overlapped volume the

prior RT field (Table 5).
Grade 1 and 2 esophagitis was observed in five and one

patients, respectively. The median cumulative maximum
esophagus dose was 124.0 Gy3, and there were no statistically
significant factors that predicted esophagitis, including the
cumulative maximum esophagus dose, cumulative mean
esophagus dose, overlapped portion of the RT field and
tumor location. 

Other grade 2 toxicities, including acute or chronic chest
wall pain were observed in four patients and chronic peri-
carditis in one patient. One patient required pericardiocen-
tesis two years after re-RT, and he also had coronary angio-
graphy (CAG) with percutaneous coronary intervention
(PCI) due to underlying cardiac artery disease. There were
no grade 4 or 5 cardiac events observed. 

Discussion

In this study, the outcomes of 31 lung cancer patients who
received more than two courses of radiation therapy in the
thorax were reviewed retrospectively. The study showed
promising survival outcomes after thoracic re-RT for lung
cancer with a median OS of 20.4 months and a 1-year OS of
76.8%. These results compare favorably with previous stud-
ies of thoracic re-RT (14-18 months and 47%-59%, respec-
tively) (Table 6) [10-15]. The statistically significant prog-
nostic factors for longer OS were a cumulative BED10 dose 
! 145 Gy10 and re-RT BED10 dose! 68.7 Gy10. Reyngold et al.
[13] and McAvoy et al. [14] also reported a significant rela-
tionship between a higher re-RT dose and longer OS. In sev-

Fig. 1.  Kaplan-Meier curve of local recurrence-free sur-
vival for all patients.
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Fig. 2.  Kaplan-Meier curve of overall survival for all pati-
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          OS LRFS DMFS

Variable No.              Median
p-value

Median
p-value

Median
p-value

                     OS LRFS DMFS

Sex

Male 27                   22.1 0.085 19.3 0.933 64.3 0.034

Female 4                   16.2 15.4 5.6

Age at re-RT (yr)

! 60 23                   20.4 0.715 15.4 0.999 29.8 0.858

< 60 8                   17.4 12.6 22.0

Smoking history

Neversmoker 2                    14.7 0.800 6.2 0.610 - 0.317

Ex-smoker/Smoker 25                   21.3 19.3 17.0

Pathology

NSCLC 24                   21.3 0.407 19.3 0.273 64.3 0.132

SCLC 7                   17.0 15.4 29.8

N stage

N0 6                   21.3 0.717 - 0.144 - 0.132

N+ 21                   17.4 12.6 17.0

Chemotherapy after re-RT                         

Yes 19                   21.3 0.717 11.5 0.137 29.8 0.020

No 12                   20.4 24.6 -

Comorbidity 

Yes 18                   17.0 0.485 19.3 0.931 64.3 0.963

No 13                   20.4 15.4 29.8

CCRT at re-RT

Yes 3                   20.4 0.551 8.3 0.807 64.3 0.543

No 28                   18.6 15.4 29.8

Interval between initial RT and re-RT                         

< 15.1 15                   18.6 0.601 12.6 0.170 64.3 0.724

! 15.1 16                   20.4 24.6 29.8

Total BED10

! 145 12                   22.1 0.029 26.6 0.003 64.3 0.072

< 145 19                     17 11.4 29.8

Re-RT BED10

! 68.7 16                   24.2 0.012 24.6 0.000 64.3 0.053

< 68.7 15                   16.2 8.4 22.0

GTV at re-RT (mL)

! 10 16                   17.4 0.936 11.5 0.680 29.8 0.024

< 10 12                   20.4 15.4 -

PTV at re-RT (mL)

! 51.3 15                   17.4 0.551 19.3 0.620 29.8 0.007

< 51.3 14                   20.4 12.6 -

Fraction size (Gy)

" 3 21                   17.0 0.094 11.5 0.081 13.3 0.006

> 3 10                   22.1 24.6 -

Table 4. Univariate analysis of clinical and dosimetric factors’ effect on OS, LRFS, and DMFS

OS, overall survival; LRFS, loco-regional recurrence-free survival; DMFS, distant metastasis-free survival; re-RT, re-irradia-

tion; NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer; N0, no lymph node metastasis; N+, positive for lymph

node metastasis; CCRT, concurrent chemoradiation; RT, irradiation; BED10, biologically equivalent dose for !/"=10; GTV,

gross tumor volume; PTV, planning tumor volume.
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eral studies, longer interval between the initial RT and re-RT
[7,16,17], smaller PTV [11-13,18] and PS before re-RT [7,13,19]
were reported as being significant factors associated with 
improved OS. In this study, none of these factors showed sig-
nificant differences. However, smaller GTV < 10 mL and PTV
< 51.3 mL in re-RT showed trends toward longer OS, even if
the trends were not statistically significant. Compared with
the previous studies, the patients in this study tended to have
relatively small PTV values with a median PTV value of 51.3
mL. Almost all patients, except two who had an ECOG PS of
2, had a good PS before re-RT. The good PS and small PTV
might explain the favorable OS. Based on our results and
those of previous studies, to achieve better survival out-
comes, patient selection might be crucial. 

The median LRFS was also comparable with previous
studies. In this study, the median LRFS was 15.4 months,
while other studies showed an LRFS of 12.1-18 months
[11,13,14,18]. Our definition of loco-regional recurrence was
recurrence in the primary tumor and regional lymph node
area. Since each study defines a loco-regional recurrence dif-
ferently, such as recurrence in the high-dose irradiated vol-
ume only or in the ipsilateral lung and regional nodal area,
it might be difficult to directly compare the LRFS value with
those of other studies. In this study, sixteen patients showed
progression or recurrence only in the high-dose irradiated
volume, and only two patients showed progression in the 
regional lymph node. One patient had re-RT on the right
paratracheal node, and then, 4.8 months later, there was pro-
gression around the descending aorta and the paraesopha-
geal lymph node. Another patient had re-RT on the sub-
carinal lymph node only, and 23.1 months later, there was
progression on the paratracheal station. Excluding these two
patients to determine the median time to progression in the
high-dose irradiated field only, which is defined as LPFS, our

median LPFS was 15.4 months (range, 3.5 to 76.8 months).
The cumulative and re-RT BED10 doses were significant

factors for predicting a longer LRFS, and a high fraction size
RT was marginally associated with a longer LRFS. According
to De Bari et al. [20], the LC rates with stereotactic re-RT were
superior to those with conventional re-RT. Sumita et al. [18]
also implied that a re-RT dose ! 60 Gy was a prognostic fac-
tor for longer LPFS. 

Furthermore, chemotherapy after re-RT, male sex, PTV at
re-RT < 51.3 mL, GTV at re-RT < 10 mL and a fraction size 
> 3 Gy were significantly associated with longer DMFS, and
a total BED10 dose ! 145 Gy10, and re-RT BED10 dose ! 68.7
Gy10 were associated with a marginally longer DMFS. A
larger fraction size and a higher re-RT dose were predictive
factors for longer LRFS, and these aggressive radiation fac-
tors improved the DMFS in recurrent lung cancer. A PTV at
re-RT < 51.3 mL and, a GTV re-RT < 10 mL were significant
factors for longer DMFS, which indicates that small volume
tumors have a smaller cancer burden and should lead to
longer DMFS. From this analysis, dose escalation should be
considered in further studies to improve the outcome of 
re-RT treatment of small volume tumors. 

Radiation-induced toxicities after re-RT remain a concern.
In a pooled analysis of 14 studies, De Ruysscher et al. [8] 
reported an average of 7% of patients exhibiting grade 3-4
lung toxic effects and 2% grade 3 esophagitis. Grade 5 bleed-
ing was also reported in 12 of 408 patients. 

Despite concerns about radiation-induced toxicities, there
were no serious acute complications. Overall, the most fre-
quent toxicities were pulmonary toxicities, including dysp-
nea, cough and pneumonitis (22.6% acute grade 1, 19.4%
acute grade 2, 35.5% chronic grade 1, and 12.9% chronic
grade 2). These results showed better rates than those repor-
ted after conventional RT. Compared with previous studies,

Table 5.  Acute and chronic toxicities (CTCAE ver. 4.03)

Grade 1 Grade 2 Grade 3 Grade 4
Acute toxicities

Esophagitis 4 (12.9) 0 ( 0 ( 0
Pericarditis 2 (6.5) 0 ( 0 ( 0
Pulmonary (dyspnea, cough, pneumonitis) 7 (22.6) 6 (19.4) 0 ( 0
Chest wall pain 2 (6.5) 3 (9.7) 0 ( 0
Radiation dermatitis 2 (6.5) 0 ( 0 ( 0

Chronic toxicities
Esophagitis 1 (3.2) 1 (3.2) 0 ( 0
Pericarditis 3 (9.7) 0 ( 1 (3.2) 0
Pulmonary (dyspnea, cough, pneumonitis) 11 (35.5) 4 (12.9) 0 ( 0
Chest wall pain 1 (3.2) 1 (3.2) 0 ( 0

Values are presented as number (%). CTCAE, Common Terminology Criteria for Adverse Events.
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Fig. 3.  The initial irradiation (RT) plan (A), re-RT plan (B), and disease progression after re-RT (C) for patient 1 who experi-
enced bleeding in locally progressive disease after high dose re-RT.

A B

C

Fig. 4.  The initial irradiation (RT) plan (A), re-RT plan (B), and disease progression after re-RT (C) for patient 2 who experi-
enced bleeding in locally progressive disease after high dose re-RT.

A B

C
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our results indicated similar toxicity rates (Table 6). Grade 3
pericarditis occurred in only one patient who also went
through CAG with PCI due to underlying cardiac disease.
This low rate of acute toxicity is probably due to the smaller
RT target volumes and the high precision techniques com-
monly used for a course of salvage re-RT. 

There were two patients of bleeding in locally progressive
disease in re-RT volume. Both events were clinically diag-
nosed as hematemesis or hemoptysis; however, it is hard to
determine the cause of the bleeding because they refused to
be evaluated. Furthermore, both had taken anti-coagulants
due to underlying disease. Based on clinical courses and 
images, it can be assumed that the causes of the bleeding are
progressions of the local disease. As shown in Figs. 3 and 4,
two patients had an overlapped PTV in the central and
higher cumulative D max dose of esophagus and trachea.
(Figs. 3 and 4). 

The predictive factors for toxicity after re-RT have not been
well-studied. Trovo et al. [21], Peulen et al. [22], and McAvoy
et al. [15] reported that toxic effects are greater in centrally
located tumors. In this study, there were no significant dif-
ferences in the location of tumors. The patients in this study
had small PTV values, which might have led to less damage
to the normal organ in which they were located. McAvoy et
al. [15] also reported that a CCRT effect may increase toxicity
risk. The CCRT effect also did not show differences in this
study. However, in this study, as the cumulative MLD 
increased, the acute pulmonary toxicity increased in a statis-
tically significant manner. 

This study has several limitations. First, the number of 
patients is small and the follow up period was not suffi-
ciently long. This makes statistical analysis less accurate and

may result in significant factors being missed. Because of the
small number of patients, multivariate analysis was hard to
be done. Statistical values with the small number of patients
must be interpreted with cautions. Second, the patient’ char-
acteristics and treatment techniques were not homogeneous,
containing both SBRT and IMRT, and were also not homo-
geneous regarding pathology, stage, and treatment course.
We tried to limit the heterogeneity by selecting patients who
were diagnosed as non-metastatic or who had a controlled-
metastatic stage for re-RT with high-dose salvage radiation.
Third, owing to the retrospective methodology, the high-
grade toxicity effects might be underestimated and there
might be selection-bias.

Thoracic re-RT of lung cancer has been challenged by the
tolerance doses of normal tissues, such as the lung, esopha-
gus, and trachea and there is a high possibility of acute and
chronic toxicities. However, our results showed a favorable
OS rate with a low rate of toxicity.

The cumulative dose and re-RT dose were significant fac-
tors in predicting both longer OS and LRFS in this study. 

To improve the treatment outcome and apply a sufficiently
high dose, selection of patients to receive thoracic re-RT is
crucial in extending the indications of re-RT. With proper 
indications and application of re-RT using highly precise
technique, such as IMRT and SBRT, we are able to achieve
improvements in treatment outcomes with acceptable toxic-
ity in recurrent lung cancer. 
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Purpose

The DNA damage response (DDR) is a multi-complex network of signaling pathways involved

in DNA damage repair, cell cycle checkpoints, and apoptosis. In the case of biliary tract can-

cer (BTC), the strategy of DDR targeting has not been evaluated, even though many patients

have DNA repair pathway alterations. The purpose of this study was to test the DDR-targeting

strategy in BTC using an ataxia-telangiectasia and Rad3-related (ATR) inhibitor.

Materials and Methods

A total of nine human BTC cell lines were used for evaluating anti-tumor effect of AZD6738

(ATR inhibitor) alone or combination with cytotoxic chemotherapeutic agents through MTT

assay, colony-forming assays, cell cycle analyses, and comet assays. We established

SNU478-mouse model for in vivo experiments to confirm our findings.   

Results

Among nine human BTC cell lines, SNU478 and SNU869 were the most sensitive to

AZD6738, and showed low expression of both ataxia-telangiectasia mutated and p53.

AZD6738 blocked p-Chk1 and p-glycoprotein and increased !H2AX, a marker of DNA dam-

age, in sensitive cells. AZD6738 significantly increased apoptosis, G2/M arrest and p21,

and decreased CDC2. Combinations of AZD6738 and cytotoxic chemotherapeutic agents

exerted synergistic effects in colony-forming assays, cell cycle analyses, and comet assays.

In our mouse models, AZD6738 monotherapy decreased tumor growth and the combination

with cisplatin showed more potent effects on growth inhibition, decreased Ki-67, and 

increased terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling than

monotherapy with each drug.  

Conclusion

In BTC, DDR targeting strategy using ATR inhibitor demonstrated promising antitumor activity

alone or in combination with cytotoxic chemotherapeutic agents. This supports further clin-

ical development of DDR targeting strategy in BTC.

Key words
DNA damage response, ATR inhibitor, Biliary tract neoplasms, 
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Introduction

Biliary tract cancer (BTC) is a relatively rare tumor, but its
incidence is higher in Korea than in Western countries [1].
To date, there have been no clinically validated therapeutic
targets in BTC, resulting in a poor prognosis. Consequently,
there is a huge unmet medical need for new drug develop-

ment in BTC. 
The DNA damage response (DDR) is a multi-complex net-

work of signaling pathways involved in DNA damage 
repair, cell cycle checkpoints, and apoptosis. If DNA damage
is accumulated, it is likely to provoke mutations or gene
aberrations [2]. Disruption of the DDR has been identified in
various cancers, and defects in specific DDR pathways can
be compensated by other DDR pathways to maintain sur-
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vival [3,4]. 
The DDR plays a critical role in the maintenance of geno-

mic integrity. Approximately 450 proteins are related to the
DDR. Among the huge complicated DDR networks, DNA
damage sensors such as ataxia-telangiectasia mutated (ATM),
ataxia-telangiectasia and Rad3-related (ATR), DNA-depen-
dent protein kinase (DNA-PK), and poly(ADP-ribose) poly-
merase (PARP) have crucial roles in the repair of single-
strand breaks and double-strand breaks (DSBs) [2,3,5]. Pre-
vious studies have shed light on the action of ATR in the
DDR, and furthermore, distinctions from other sensors have
been discovered [6-10]. For example, the regions of RPA-
coated single stranded DNA formed by replication stress or
through resection of DSBs can be recognized by ATR, which
maintains genomic integrity during S or G2/M phase of the
cell cycle, and is particularly important for enhancing cell
survival. In contrast, ATM, another core member of the DDR,
is generally activated by DSBs and is not essential for cell sur-
vival [6,9]. Targeting of DDR pathways is one of the areas for
new drug development and has been explored as a potential
strategy for cancer therapy [2-4,9,11]. 

Based on recent reports, DNA damage repair pathways,
which include BAP1, MSH6, BRCA1, ATM, MLH1, and
MSH2, are altered in about 20% of BTC cases [12-15]. A faulty
DDR generally affects the response to chemotherapeutic
drugs, and there is growing evidence that tumors with 
defective DNA damage repair could be sensitive to certain
DDR-targeted agents [4,16]. In addition, the frequent occur-
rence of these mutations often leads to microsatellite insta-
bility (MSI) [4], and the MSI status has an important role in
the pathogenesis of cancers [13]. Notably, previous studies
showed that MSI-high was present in about 25% of BTC
cases [13]. Furthermore, the occurrence of TP53 gene muta-
tions was observed in 33.9% of BTC cases [14]. TP53 is one
of the most widely found tumor suppressor genes, and acts
as the guardian of genomic p53 signaling pathways that con-
trol DNA damage repair, cell cycle progression, or apoptosis
[17]. Therefore, various researchers have employed TP53-
deficient cancer cells in DDR-targeted therapeutic studies
[18]. Taken together, BTC has the potential to respond well
to DDR-targeted agents. However, the DDR-targeting strat-
egy has not yet been tested in BTC.  

In this study, we aimed to evaluate a DDR-targeting strat-
egy using an ATR inhibitor, AZD6738 [11], as monotherapy
or in combination with cytotoxic chemotherapeutic agents in
BTC cells. In addition, we focused on defining biomarkers
for ATR inhibition in BTC.  

Materials and Methods

1. Human cell lines and reagents

Nine human BTC cell lines were utilized in this research.
The SNU245, SNU308, SNU478, SNU869, SNU1079, and
SNU1196 cell lines were purchased from Korean Cell Line
Bank (Seoul, Korea). The HuCCT-1 and TFK-1 cell lines were
obtained from RIKEN BioResource Center (Ibaraki, Japan).
A patient-derived cell line, SNU2670, was successfully estab-
lished [19]. All cells were cultured in RPMI-1640 medium
(Welgene Inc., Gyeongsan, Korea) containing 10% fetal
bovine serum and 10 µg/mL gentamicin at 37°C incubator
under 5% CO2. The ATR inhibitor AZD6738 was kindly pro-
vided by AstraZeneca (Macclesfield, Cheshire, UK). Gemc-
itabine, cisplatin, and 5-fluorouracil (5-FU) were purchased
from Lilly Korea Co. (Seoul, Korea), JW Pharmaceutical Co.
(Seoul, Korea), and Ildong Pharmaceutical Co. (Seoul, Korea),
respectively. 

2. Cell viability assay 

Cells were seeded in 96-well plates and incubated over-
night at 37°C. The cells were exposed to increasing concen-
trations of AZD6738 alone or in combination with cytotoxic
agents for 5 days. Subsequently, 50 µL of 3-(4,5-dimethylth-
iazol-2yl)-2,5-diphenyltetrazolium bromide (MTT) solution
(Sigma-Aldrich, St. Louis, MO) was added to each well and
incubated at 37°C for 4 hours. The medium was removed
and 150 µL of dimethyl sulfoxide was added to each well.
The cell viability was measured at 540 nm with a VersaMax
Microplate Reader (Molecular Devices, Sunnyvale, CA). The
experiments were performed in triplicate.

3. Colony-forming assay 

Cells were seeded in 6-well plates and exposed to various
concentrations of AZD6738 or cytotoxic agents. After 10
days, the colonies were stained with Coomassie blue for 2
hours and counted using Gel Doc system software (Bio-Rad,
Hercules, CA). Each experiment was repeated three times. 

4. Western blot analysis 

Cells were seeded in 60-mm dishes and treated with AZD-
6738, cytotoxic agents, or AZD6738 plus cytotoxic agents for
5 days. The cells were harvested and lysed in RIPA buffer
containing protease inhibitors on ice for 30 minutes. The pro-
teins were extracted and equal amounts of proteins were 
applied to sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis followed by western blot analyses. Primary anti-
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bodies against the following molecules were purchased from
Cell Signaling Technology (Beverley, MA): p53 (#9282); ATR
(#2790); phosphorylated ATR-Ser428 (#2853); Chk1 (#2360);
phosphorylated Chk1-Ser345 (#2341); phosphorylated AKT-
Ser473 (#9271); AKT (#9272); phosphorylated ERK-Thr202/
Tyr204 (#9101); ERK (#9102); PARP (#9532); caspase-7
(#9492); phosphorylated CDC2 (#9111); CDC2 (#9112); and
p21 (#2947). !-Tubulin (#T5168) and "-actin antibodies were
purchased from Sigma-Aldrich. Anti-ATM antibody (#ab78)
was obtained from Abcam Bioscience (Cambridge, UK). Anti-
#H2AX antibody (#05-636) was bought from Millipore (Bil-
lerica, MA). Anti-permeability glycoprotein (p-glycoprotein)
and the secondary antibodies were purchased from Thermo
Scientific (Waltham, MA). The intensity was quantified using
ImageJ software (National Institutes of Health, Bethesda, MD). 

5. Cell cycle analysis 

Cells were seeded in 60-mm dishes and treated with vari-
ous concentrations of AZD6738 for 5 days. The cells were
harvested and fixed with 70% ethanol at !20°C. After 2 days,
7 µL of RNase A (20 mg/mL, Invitrogen, Carlsbad, CA) was
added to each well and incubated for 10 minutes at 37°C. The
cells were stained with 13 µL of propidium iodide (Sigma-
Aldrich) and analyzed in a FACSCalibur flow cytometer (BD
Biosciences, San Jose, CA). Each experiment was repeated
three times. 

6. Alkaline comet assay 

Cells were exposed at 0.5 µmol/L AZD6738, 0.5 µmol/L
cisplatin, or their combination for 5 days. The cells were har-
vested, resuspended at 1"105 cells/mL in ice-cold phosphate-
buffered saline (PBS), and combined with molten LMA-
garose at a ratio of 1:10. Next, the samples were slightly
moved onto comet slides and incubated at 4°C in the dark
for 40 minutes. After immersion in precooled lysis solution
at 4°C for 40 minutes, the slides were placed in freshly pre-
pared alkaline unwinding solution (200 mM NaOH, 1 mM
EDTA, pH > 13) for 30 minutes at room temperature in the
dark. Electrophoresis was conducted for 30 minutes, and the
samples were dried at room temperature overnight. Next,
100 µL of diluted SYBR Green staining solution was placed
onto each circle of agarose, and the samples were covered
with a coverslip. Tail moment and intensity were measured
using the Comet Assay IV program (Andor Technology,
Belfast, UK). Three independent experiments were analyzed
for each condition. 

7. In vivo experiments 

Twenty female athymic nude mice of 4-week-old were

purchased from Central Lab Animal Inc. (Seoul, Korea).
SNU478 xenograft model mice were established by subcuta-
neous inoculation of 2"107 cells in 100 µL of PBS. When the
tumor volume reached 200 mm3, the mice were randomly 
divided into four groups of five mice. AZD6738 was admin-
istered orally once a day at 25 mg/kg for 3 weeks and the
control group was treated with vehicle (2-hydroxypropyl-
"-cyclodextrin solution) by oral gavage. Cisplatin was injec-
ted intraperitoneally twice in the first week and then once
weekly for next 2 weeks. Body weights and tumor sizes were
measured every other day. The tumor volume was calculated
using the formula: tumor volume=[(width)2"height]/2. None
of the mice was killed during experiment by mistake and all
mice were sacrificed finally. 

8. Immunohistochemistry 

Sections of paraffin-embedded xenograft tumor tissues
were deparaffinized and dehydrated. Immunohistochem-
istry (IHC) detection of proliferating cells was conducted
using an anti-Ki-67 antibody (GeneTex Inc., Irvine, CA) at a
dilution of 1:100. Terminal deoxynucleotidyl transferase-
mediated dUTP nick end labeling (TUNEL) assays were con-
ducted for IHC detection of apoptosis using an ApopTag In
Situ Apoptosis Detection Kit (Millipore) according to the
manufacturer’s protocol. Phosphorylated Chk1 (#2341) was
used at dilution of 1:50. 

9. Statistical analysis 

Statistical analyses were conducted using SigmaPlot ver.
10.0 (Systat Software Inc., San Jose, CA). Experimental data
are presented as mean±standard error (SE). All statistical
tests were two-sided. Differences were considered statisti-
cally significant for values of p < 0.01. The half-maximal 
inhibitory concentration (IC50) of agents was also analyzed
using the SigmaPlot software. The combination effects of
agents were analyzed by the combination index (CI) by Cal-
cuSyn software, the methods described in the Chou and 
Talalay median effect principle were used, with CI values of
< 1, 1, and > 1 indicating synergistic, additive, and antago-
nistic effects, respectively.

10. Ethical statement

Animal experiments were performed at the Biomedical
Center for Animal Resource Development of Seoul National
University (Seoul, Korea) according to institutional guide-
lines, with prior approval from the institutional animal care
and use committee (approved number: SNU-130802-3-3). 
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Fig. 1.  Anti-growth effect of AZD6738 in biliary tract cancer (BTC) cells. (A) Basal expression levels of ataxia-telangiectasia
and Rad3-related (ATR), ataxia-telangiectasia mutated (ATM), and p53 in nine BTC cell lines analyzed by western blotting.
The intensity was quantified using imageJ software. The intensity greater than “1” was classified as high expression, less
than “0.6” was classified as low expression. (B) Anti-proliferative effects of AZD6738 in nine BTC cell lines evaluated by
MTT assays (left) and colony-forming assays (CFA) (right). (C) Western blot analyses evaluating the effect of AZD6738 on
signaling pathways in four BTC cell lines. SNU478, SNU869, SNU245, and SNU2670 cells were treated with increasing con-
centrations of AZD6738 (0, 0.1, 0.5, and 1 µM) for 5 days, after which protein extracts were immunoblotted with the indicated
antibodies. 
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Results

1. AZD6738 inhibits proliferation of BTC cells 

Given our understanding on the roles of ATR, we hypoth-

esized that ATM-deficient BTC cell lines may be sensitive to

AZD6738. Before testing the reagent, we probed the basal

ATR, ATM and p53 expression levels in the nine BTC cell

lines. As shown in Fig. 1A, the ATM levels were varied.

Compared with SNU308, SNU1079, SNU1196, and HuCCT-

1, the other five cell lines (SNU245, SNU478, SNU869, TFK-

1, and SNU2670) exhibited low ATM expression. Currently,

there was no information about ATM mutation or MSI-status

in these BTC cell lines. High expression of p53 was observed

in SNU245, SNU308, SNU1196, HuCCT-1, and SNU2670

cells. SNU478 and SNU869 cells showed low levels of p53 

expression. 

To examine whether ATM or p53 levels affected the sensi-

Ah-Rong Nam, ATR as a Therapeutic Target in BTC  

Table 1. IC50 values of AZD6738 in BTC cell lines

IC50, the half maximal inhibitory concentration; BTC, bil-

iary tract cancer; MTT, 3-(4,5-dimethylthiazol-2yl)-2,

5-diphenyltetrazolium bromide; CFA, colony-forming

assay.                                                                           

Cell line
IC50 (µM)

MTT CFA
SNU245 4.57 0.87

SNU308 3.28 0.28

SNU478 0.46 0.1

SNU869 0.44 0.13

SNU1079 2.76 0.4

SNU1196 1.21 0.6

HuCCT-1 3.23 0.5

TFK-1 1.12 0.38

SNU2670 > 10 0.9

Fig. 2.  AZD6738 monotherapy induces cell cycle arrest in sensitive cell lines. (A) Cell cycle analyses of SNU478, SNU869,

SNU245, and SNU2670 cells were performed by flow cytometry after treatment with increasing concentrations of AZD6738

(0, 0.1, 0.5, and 1 µM) for 3 days. The data represent three independent experiments. **p < 0.01. (Continued to the next page)
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tivity to AZD6738, cells were exposed to increasing doses of

AZD6738, and detected for their cell viability by MTT assays

after 5 days of treatment. AZD6738 as a single agent strongly

suppressed cell growth in the BTC cell lines (Fig. 1B). Specif-

ically, SNU478 (IC50, 0.46 µmol/L) and SNU869 (IC50, 0.44

µmol/L), which expressed low levels of both ATM and p53,

were highly sensitive to AZD6738, whereas the more resist-

ant cell lines, such as SNU2670 (IC50, > 10 µmol/L), exhibited

low expression of ATM and high expression of p53 (Table 1).

To better understand the anti-proliferative effect of AZD-

6738, colony-forming assays were conducted. The number of

colonies was markedly reduced by AZD6738 treatment for

10 days in all BTC cell lines. The IC50 values revealed that,

compared with the SNU245 (> 1 µmol/L) and SNU2670 (0.9

µmol/L) cell lines, the efficacy of AZD6738 were more obvi-

ously observed in the SNU478 (0.1 µmol/L) and SNU869

(0.13 µmol/L) cell lines (Table 1). 

Based on the AZD6738 sensitivity, we selected four cell

lines (two sensitive cell lines, SNU478 and SNU869; two 

resistant cell lines, SNU245 and SNU2670) to detect related

signaling pathways (Fig. 1C). Following treatment with

AZD6738, ATR, phosphorylated Chk1, and p-glycoprotein

were significantly reduced in the sensitive cell lines (SNU478

and SNU869). In contrast, the resistant cell lines (SNU245 and

SNU2670) showed no changes in these signals. Notably,

prominent dose-dependent upregulation of !H2AX was 

observed in the SNU478, SNU869 and SNU245 cell lines after

AZD6738 treatment.  

2. AZD6738 leads to cell cycle arrest at sub-G1 and G2/M
phases 

To assess whether AZD6738 as a single agent facilitates cell

cycle arrest or apoptosis, we conducted fluorescence-acti-

vated cell sorting analyses after 3 days of treatment. The pro-

portion of cells in S and G2/M phase as well as in sub-G1

phase escalated dose-dependently in the sensitive cell lines

(SNU478 and SNU869, p < 0.01) (Fig. 2A). 

In the resistant cell lines (SNU245 and SNU2670), with the

exception of induction of S phase arrest in the SNU245 cell

line by AZD6738 treatment, ATR inhibition did not perturb

the cell cycle. These results were consistent with the signal

changes observed for cell cycle progression (Fig. 2B). As 

expected, AZD6738 induced dose-dependent PARP and cas-

pase-7 cleavage in the SNU478 and SNU869 cell lines (Fig. 2B).

Moreover, CDC2 was reduced in both sensitive cell lines;

however, increased p21 was only detected in the SNU478 cell

line. In contrast, cleaved PARP and reduced CDC2 induced

by AZD6738 were observed in the SNU245 cell line, but not

in the SNU2670 cell line. There was no change in p-CDC2

level in both of SNU245 and SNU2670 cells. In the resistant

cell lines, AZD6738 did not affect caspase-7 cleavage, but 

decreased p21 expression in both of them. 

Cancer Res Treat. 2019;51(3):1167-1179

Fig. 2.  (Continued from the previous page) (B) Western blot analysis demonstrating the effect of AZD6738 on the expression

levels of apoptosis and cell cycle checkpoint molecules in SNU478, SNU869, SNU245, and SNU2670 cells. The cells were

treated with increasing doses of AZD6738 (0, 0.1, 0.5, and 1 µM) for 5 days. C, control.
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Fig. 3.  The synergistic effect was observed with combinations of AZD6738 and cytotoxic chemotherapeutic agents. (A) Anti-
proliferative effects of combination chemotherapy of AZD6738 and cytotoxic agents (cisplatin, gemcitabine, and 5-fluorouracil
[5-FU]) evaluated by MTT assays. The combination indexes for the combinations of AZD6738 and the cytotoxic agents at
the ED50 were calculated by the Chou and Talalay method in the SNU478, SNU869, SNU245, and SNU2670 cell lines (com-
bination index [CI] > 1, antagonistic effect; CI=1, additive effect; CI < 1, synergistic effect). (B) Colony-forming assays were
performed to demonstrate the combined effect of AZD6738 and cisplatin. The concentration of each drug is indicated in the
graph. The data represent mean±SE of three independent experiments. **p < 0.01.  (Continued to the next page)
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3. The synergistic anti-proliferative effects was observed
by combined with AZD6738 and cytotoxic agents 

To evaluate the synergistic effects between AZD6738 and
cytotoxic agents such as cisplatin, gemcitabine, and 5-FU, the
methods described in the Chou and Talalay median effect
principle were used. The results of MTT assays revealed that
AZD6738 exhibited synergistic anti-proliferative effects in
combination with cisplatin or 5-FU in the SNU478 cell line
(CI < 1). In the resistant cell lines (SNU245 and SNU2670),
combination treatment of AZD6738 with cisplatin, gemc-
itabine, or 5-FU showed strong synergistic anti-proliferative
effects compared with AZD6738 monotherapy (CI < 1) (Fig. 3A).
Similar results were obtained in colony-forming assays.
There was no synergistic effect between AZD6738 and cis-
platin for the SNU869 cell line (Fig. 3B). Consistent with the
MTT assay results AZD6738 exerted synergistic anti-prolif-
erative effects in the SNU478 and SNU2670 cell lines when
co-treated with cisplatin (p < 0.01). Although we did not 
observe synergistic effects on the SNU245 cell line in colony-
forming assays, the proliferation of the cells treated with
combination therapy was obviously inhibited compared
with AZD6738 monotherapy (p < 0.01). 

We confirmed the above results by detecting the primary
related signals. As shown in Fig. 3C, phosphorylated AKT,
phosphorylated ERK and total PARP were more downregu-

lated in SNU478 and SNU2670 cell lines when AZD6738 
(1 µmol/L) was combined with cisplatin (1 µmol/L) com-
pared to each drug alone. Notably, the combination treat-
ment synergistic downregulated p-Chk1 level in SNU478
cells. The combination regimens also resulted to decreased
total and increased cleaved caspase-7 in SNU478 and SNU-
2670 cells, respectively. Although phosphorylated AKT and
phosphorylated ERK were not blocked by combination treat-
ment in SNU245 cells, we observed increased cleavage of
PARP and caspase-7 than mono-treatment. Blocked phos-
phorylated AKT, and phosphorylated ERK, or augmented
caspase-7 cleavage were not found by co-treated group in
SNU869 cells, there was only exhibited decreased total PARP
expression. All of these results support that AZD6738 com-
bined with cisplatin had prominent synergistic effects to
combat BTC cells. 

4. Co-treatment of AZD6738 and cisplatin strongly induces
DNA strand breaks 

ATR is known to be responsible for suppressing DNA
break formation and DSB DNA repair to solve DNA damage
[9]. We conducted alkaline comet assays to detect DNA dam-
age by AZD6738. Accumulation of DNA damage was found
in the SNU478 and SNU869 cell lines after treatment with
AZD6738 alone, while AZD6738 (0.5 µmol/L) had insuffi-

Cancer Res Treat. 2019;51(3):1167-1179

Fig. 3.  (Continued from the previous page) (C) Western blot analyses were performed to evaluate the anti-proliferative effect
of AZD6738 and cisplatin on biliary tract cancer cell lines. PARP, poly(ADP-ribose) polymerase.
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Fig. 4.  The potential impact of AZD6738 on DNA damage. (A) Comet assays were performed on SNU478, SNU869, SNU245,
and SNU2670 cells treated with AZD6738 (0.5 µM), cisplatin (0.5 µM), or their combination for 5 days. Scale bars=100 µm.
(B) Comparisons of comet tail length and tail intensity between cells treated with AZD6738 (0.5 µM), cisplatin (0.5 µM), or
their combination for 5 days. The data represent mean±standard error of three independent experiments. **p < 0.01, ***p <
0.001.
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cient capacity to induce DNA damage in the SNU245 and
SNU2670 cell lines. In addition, when the cells were exposed
to both AZD6738 and cisplatin, accumulation of DNA dam-
age was observed not only in the SNU478 cell line, but also
in the SNU245 and SNU2670 cell lines (Fig. 4A). The analyses

of tail moment and intensity supported our observations
(Fig. 4B). These results indicated that AZD6738 has a promi-
nent effect on DNA strand breaks and further enhances cis-
platin efficacy. 

Cancer Res Treat. 2019;51(3):1167-1179

Fig. 5.  Anti-tumor growth of AZD6738 alone or combination therapy. (A) In vivo efficacy of AZD6738 (25 mg/kg), cisplatin
(4 mg/kg), or their combination in SNU478 xenograft model mice. **p < 0.01. T, start of treatment; CT, day of cisplatin treat-
ment. (B) The tumors were harvested and analyzed by immunohistochemistry. Ki-67, TUNEL expression, and Chk1 phos-
phorylation were evaluated in the SNU478 xenograft model mice. Scale bars=50 µm. (C) Western blot assays were performed
on the excised tumors from the xenograft model mice to elucidate the effects of AZD6738 and/or cisplatin. 
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5. AZD6738 shows potent anti-tumor effects in vivo as a
monotherapy and in combination with cisplatin  

To further evaluate the anti-tumor effect of AZD6738, we

employed SNU478 xenograft model mice. AZD6738 mono-

therapy (25 mg/kg) suppressed the tumor growth compared

with the control group (p < 0.01) (Fig. 5A). In particular, the

combination of AZD6738 with cisplatin significantly repre-

ssed tumor growth compared with monotherapy (p < 0.01).

As a marker of cell proliferation, Ki-67 was reduced by

AZD6738 or cisplatin and further decreased by their combi-

nation treatment in the tumor tissues (Fig. 5B). Phosphory-

lation of Chk1 was reduced by AZD6738 monotherapy and

more profoundly decreased by the combination treatment.

Moreover, the combination of AZD6738 with cisplatin 

upregulated TUNEL expression. Next, proteins were har-

vested from two different isolated tumor tissues in each

group for western blotting analyses (Fig. 5C). Phosphory-

lated ATR, phosphorylated Chk1, phosphorylated ERK, and

p-glycoprotein were more strongly blocked by the combina-

tion treatment than by AZD6738 or cisplatin alone. !H2AX

as a DNA damage marker was increased in the AZD-6738

alone, cisplatin alone, and combination groups compared

with the control group. 

Discussion

The potential efficacy of ATR inhibition for targeting the

DDR has been identified in different types of cancers [8,18,20].

Currently, there are several ATR inhibitors under develop-

ment. Particularly, AZD6738, as an orally bioavailable the

serine/threonine protein kinase ATR inhibitor with more 

excellent selectivity for ATR inhibition and pharmacokinetic

characteristics compared with the others [10]. In addition,

AZD6738 has been tested in several cancers including leu-

kemia, gastric and ovarian cancers [20-22]. In the case of BTC,

the DDR-targeting strategy toward the development of new

drugs has not yet been tested. In this study, we reveal the

therapeutic efficacy of this ATR inhibitor in BTC cells and

provide basic evidence for further studies on the DDR-tar-

geting strategy for new drug development in BTC. 

In recent years, inhibitors of ATR have been studied by

some researchers, and cell sensitivity to these ATR inhibitors

has been determined [20,23-25]. Tumor types with loss of

ATM function or high replication stress are expected to be

more susceptible to ATR inhibition [18]. In breast cancer cells

with ERCC1 deficiency, ATR pathway inhibition was syn-

thetically lethal [25]. Meanwhile, some studies identified a

series of predictive biomarkers that affect sensitivity to ATR

inhibition, including TP53 or ARID1A deficiency and CDC-

25A overexpression [18,23,24]. 

According to previous publications, ATM-low or p53-

deficient cancer cells are considered strong candidates for

DDR-targeted therapy [18,21]. In our study, we found that

the SNU478 and SNU869 cell lines, which were the most sen-

sitive to AZD6738, exhibited low expression of both ATM

and p53 among the nine BTC cell lines examined. Mean-

while, the SNU245 and SNU2670 cell lines, which were resi-

stant to AZD6738, expressed a low level of ATM and high

level of p53. These observations indicate that the levels of

both ATM and p53 may contribute to the cellular response

to ATR inhibition. Among the nine BTC cell lines, four cell

lines (SNU478, SNU869, SNU1196, and HuCCT-1) harbored

TP53 mutations (Broad Institute Cancer Cell Line Encyclo-

pedia). Despite the presence of TP53 mutations in these cell

lines, the low level of p53 protein expression was more cru-

cial factor for their response to AZD6738 (Fig. 1A). 

ATR signaling pathways broadly mediate cell prolifera-

tion, cell cycle progression, apoptosis, and DNA damage 

repair [9,10]. In our study, we found that AZD6738 reduced

Chk1 phosphorylation in both the SNU478 and SNU869 cell

lines. Consistent with our findings, a recent report described

that an ATR inhibitor induced decreased Chk1 phosphory-

lation in sensitive cells, but not in resistant cells [20]. Chk1

plays a critical role in the DNA replication stress response or

DNA damage repair. Chk1 is not only mediated by ATR, but

also controlled by ATM or DNA-PK [2,7]. Therefore, it is

meaningful to downregulate phosphorylated Chk1 using

AZD6738. 

We also found that AZD6738 reduced p-glycoprotein in

both sensitive cell lines (SNU478 and SNU869). Glycopro-

teins are proteins located on the cell surface membrane that

regulate drug efflux to affect drug resistance [26]. Consistent

with our findings, other articles clarified that inhibition of

ATR-Chk1 signaling effectively reduced the levels of p-gly-

coprotein [27]. 

ATR is known to activate S phase and G2/M checkpoint

to rescue cell death [20]. In our study, AZD6738 induced G2/

M arrest and sub-G1 phase increase through accumulation

of PARP and caspase-7 cleavage in the sensitive cell lines

(SNU478 and SNU869). Moreover, given our understanding

of CDK, decreased CDC2 (also known as CDK1) contributed

to the cell cycle arrest [28]. A decrease in CDC2 by AZD6738

was observed in the sensitive cell lines (SNU478 and SNU-

869) and a resistant cell line (SNU245). 

Growing evidence suggests that an ATR inhibitor com-

bined with cisplatin can synergistically inhibit tumor growth

in different types of cancer [20,27,29]. We also evaluated this

combination treatment using proliferation assays, alkaline

comet assays, and xenograft studies. As a consequence, we

identified significant synergistic effects in the SNU478, SNU-
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245, and SNU2670 cell lines. These findings were not surpris-
ing, because cisplatin is cytotoxic through its binding to DNA
and blockade of replication, leading to DSBs [8]. Early studies
demonstrated that ATR inhibition was synergistic with cis-
platin and could overcome resistance to cisplatin [18,20,27,29].
In ATM-deficient non-small cell lung cancer, AZD6738 plus
cisplatin promoted accumulation of cells at the G1/S border
and in early S phase [30]. However, in our study, we observed
that the combination therapy induced G2/M or S phase 
arrest in the SNU869 and SNU2670 cell lines, while the per-
centage of sub-G1 phase was increased in the SNU478 and
SNU869 cell lines (data not shown). In urothelial bladder
cancer, ATR-Chk1 inhibition increased cisplatin-adduct DNA
levels and co-treatment inhibited p-glycoprotein expression
[27]. Similarly, we detected that p-glycoprotein was down-
regulated in the xenograft combination group. The synergis-
tic effect of AZD6738 combined with cisplatin was very
encouraging. 

Our SNU478 xenograft model mice presented consistent
findings with our in vitro results. We observed that AZD6738
or cisplatin monotherapy each suppressed tumor growth 
efficiently in vivo. These findings were consistent with recent
reports describing that ATR inhibitor monotherapy can dis-
rupt tumor growth by inhibiting the DDR [8,9]. It is notewor-
thy that the combination therapy provided more efficient
inhibition than the monotherapy by significantly blocking

Chk1 phosphorylation, p-glycoprotein, and !H2AX accumu-
lation. 

Taken together, the DDR-targeting strategy with an ATR
inhibitor demonstrated antitumor activity alone or in com-
bination with cytotoxic chemotherapeutic agents in BTC.
This supports further clinical development of the DDR-tar-
geting strategy in BTC patients. Our preclinical data could
provide new prospects for BTC patients and establish a basis
for further research. 
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Inherited NBN Mutations and Prostate Cancer Risk and Survival
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Purpose
The purpose of this study was to establish the contribution of four founder alleles of NBN
to prostate cancer risk and cancer survival. 

Materials and Methods
Five thousand one hundred eighty-nine men with prostate cancer and 6,152 controls were
genotyped for four recurrent variants of NBN (657del5, R215W, I171V, and E185Q).   

Results
The NBN 657del5 mutation was detected in 74 of 5,189 unselected cases and in 35 of
6,152 controls (odds ratio [OR], 2.5; p < 0.001). In carriers of 657del5 deletion, the cancer
risk was restricted to men with the GG genotype of the E185Q variant of the same gene.
Among men with the GG genotype, the OR associated with 657del5 was 4.4 (95% confi-
dence interval [CI], 2.4 to 8.0). Among men with other E185Q genotypes, the OR associated
with 657del5 was 1.4 (95% CI, 0.8 to 2.4) and the interaction was significant (homogeneity
p=0.006). After a median follow-up of 109 months, mortality was worse for 657del5 muta-
tion carriers than for non-carriers (hazard ratio [HR], 1.6; p=0.001). The adverse effect of
657del5 on survival was only seen on the background of the GG genotype of E185Q (HR,
1.9; p=0.0004).   

Conclusion
The NBN 657del5 mutation predisposes to poor prognosis prostate cancer. The pathogenic-
ity of this mutation, with regards to both prostate cancer risk and survival, is modified by a
missense variant of the same gene (E185Q).
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NBN, NBS1, Mutation, Aggressive prostate cancer, Survival                                     
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Introduction

Mutations in several genes predispose to prostate cancer,
including BRCA2, BRCA1, CHEK2, NBN, ATM and HOXB13
[1-9]. Homozygous mutations in the NBN gene (also called
NBS1) are responsible for the Nijmegen breakage syndrome
(NBS), which is characterized by spontaneous chromosomal
instability, immunodeficiency and a predisposition to cancer
[10]. The protein product of the NBN gene is part of the
genome surveillance complex responsible for DNA damage
repair [11]. A 5-bp deletion in exon 6 of the NBN gene (657-
del5) is a founder mutation, which, in its homozygous state
is present in the majority of NBS patients. Heterozygous car-
riers of the 657del5 truncating mutation exhibit increased
susceptibility to prostate cancer [5]. It is not clear if other
NBN variants (missense or truncating) predispose to cancer.
It is important to define the range of pathogenic NBNmuta-
tions, because NBN is included in a number of cancer test
panels and it is incumbent upon the physician to accurately
predict the risk of a reported variant [12]. To establish the
contribution of four founder alleles in NBN to prostate cancer
in Poland, and to measure the impact of these variants on
risk and survival, we genotyped 5,189 men with prostate
cancer and 6,152 controls.

Materials and Methods

1. Patients

We studied men with unselected prostate cancer who were
diagnosed between 1999 and 2015 in 14 centers situated
throughout Poland. This study was initiated in Szczecin in
1999 and was extended to include Bia!ystok, Olsztyn in 2002
and Opole in 2003. Other centers began recruiting between
2005 and 2008 (Koszalin, Gdansk, Lublin, "od#, Warszawa,
Wroc!aw, Poznan, Rzeszów, Bydgoszcz, and Zabrze). Only
men with newly diagnosed prostate cancer were invited to
participate in this study. All cases were unselected for age,
clinical characteristics (stage, grade, prostate-specific antigen
[PSA] level at time of diagnosis), family history and treat-
ment received. Study subjects were asked to participate at
the time of diagnosis or during an outpatient visit to an 
oncology clinic. Sixty-one hundred thirty men were invited
and of these, 5,235 (85.4%) participated. All patients provided
a blood sample within six months of diagnosis. The mean
age of diagnosis was 67.8 years (range, 35 to 96 years). A fam-
ily history was taken either by the construction of a family
tree or the completion of a standardized questionnaire. All

first- and second-degree relatives diagnosed with prostate
cancer and the ages of diagnosis were recorded. Six hundred
thirty-five men reported at least one first- or second-degree
relative with prostate cancer (familial cases). In addition, 
information was recorded on PSA level at time of diagnosis,
grade (Gleason score) and stage. The vital status and the date
of death of all of the cases were requested from the Polish
Ministry of the Interior and Administration in June 2016, and
were obtained in July 2016. These data were available for
5,185 men with prostate cancer. Information on the specific
treatment was not recorded. The study was approved by the
Ethics Committee of the Pomeranian Medical University in
Szczecin, Poland. 

2. Genotyping

DNA was isolated from 5 to 10 mL of peripheral blood.
NBNmutations were genotyped using TaqMan assay (Ther-
mo Fisher Scientific, Waltham, MA) using LightCycler Real-
Time PCR 480 System (Roche Life Science, Indianapolis, IN).
Laboratory technicians were blinded to case–control status.
Four NBN variants were successfully analyzed in 5,189 of
5,235 cases (99.1%) and in 6,152 of 6,240 controls (98.6%). 

3. Sanger sequencing

To investigate whether other NBN variants (i.e., those
linked to the G allele of E185Q) may affect cancer risk among
carriers of the 657del5 mutation, we sequenced the entire
coding sequence of the NBN gene in 16 cancer patients with
657del5 (8 with the GG genotype of E185Q and 8 with the
GC genotype). Sanger sequencing was performed in 16 
amplicons. Sequencing reactions were performed using a
BigDye Terminator v3.1 Cycle Sequencing Kit (Thermo
Fisher Scientific) according to the manufacturer's protocol.
Sequencing products were analyzed on the ABI prism 3500-
XL Genetic Analyzer (Thermo Fisher Scientific). 

4. Controls

The control group included 6,240 cancer-free adults from
(the genetically homogeneous population of) Poland. The
control group consisted of 3,166 cancer-free men ages 23-90
years (mean age, 62.2 years) and 3,070 cancer-free women
age 18 to 94 years (mean age, 54.0 years) [13,14]. The purpose
of the control group was to estimate with accuracy the frequ-
ency of founder alleles of NBN in the underlying Polish pop-
ulation. The allele frequencies for all NBN variants in our
control group were not dependent on age, sex, and the pre-
valence estimates of all mutations were similar in younger
and in older controls. The frequency of NBN 657del5 trun-
cating mutation in our controls and in 6,984 (non-overlap-
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ping) controls genotyped by Chrzanowska et al. [15] is 0.6%.

5. Statistical analysis

1) Odds ratios

The prevalences of all alleles in cases and controls were
compared. Odds ratios (OR) were generated from two-
by-two tables and statistical significance was assessed using
the Fisher exact test or the chi-square test where appropriate.
The ORs were used as estimates of relative risk. The Bres-
low-Day test was used for testing the homogeneity of ORs. 

2) Survival analysis

For the survival analysis, the patients were followed from
the date of biopsy until death or June 2016. The median fol-
low-up was 109 months. Kaplan-Meier survival curves were
constructed for carriers of mutations and for non-carriers.
Comparison of survival curves was performed by log-rank
test. Detailed clinical information was available for a subset
of 2,219 patients (PSA level at diagnosis, tumor stage, and
Gleason score). A multivariable Cox regression analysis was
performed on these patients. 

6. Ethical statement

The study was approved by the Ethics Committee of the
Pomeranian Medical University in Szczecin, Poland (IRB No.
KB-0012/97/17) and performed in accordance with the prin-
ciples of the Declaration of Helsinki. All patients and controls
provided written informed consent. 

Results

The NBN 657del5 mutation was detected in 74 of 5,189 
unselected cases (1.4%) compared to 35 of 6,152 controls
(0.6%) (OR, 2.5; p < 0.001). It was present in 15 of 635 familial
cases (2.4%) (OR, 4.2; p < 0.001).

None of the three missense variants was associated with
prostate cancer risk (Table 1). However, we looked for pos-
sible interactions between NBN variants and we found a sig-
nificant interaction between the 657del5 mutation and the
E185Q variant (Table 2). Men with the GG genotype of the
E185Q polymorphism and the 657del5 mutation were at
four-fold elevated risk of prostate cancer (OR, 4.4; 95% con-
fidence interval [CI], 2.4 to 8.8). Among men with other
E185Q genotypes (GC and GG), the 657del5 deletion was not
associated with an increased risk of prostate cancer (OR, 1.4;
95% CI, 0.8 to 2.4). The statistical test to reject homogeneity
of the OR was highly significant (p=0.006). A similar associ-
ation was seen among men with familial prostate cancer.
Among men with the NBN GG genotype of E185Q, the OR
for familial prostate cancer associated with truncating 657del5
mutation was 7.2 (95% CI, 3.1 to 16.3). Among men with
other E185Q genotypes of NBN (GC and CC), the 657del5
deletion was not associated with statistically significant 
increase in the risk of familial prostate cancer (OR, 2.3; 95%
CI, 0.9 to 6.2; homogeneity p-value=0.080). 

The characteristics of the prostate cancers in the 657del5
mutation carriers and non-carriers are presented in Table 3.
Among carriers of the NBN 657del5 mutation, 39% were of
advanced stage at diagnosis, compared to 25% of those cases
with no NBN variant (men who tested negative for the
657del5 deletion and for the GG genotype of E185Q). How-
ever, the stage difference was restricted to 657del5 carriers
who also had the GG genotype of E185Q. Among 657del5

Unselected prostate cancer cases Familial prostate cancer cases ControlNBN variant

No./Total (%) OR (95% CI) p-value No./Total (%) OR (95% CI) p-value No./Total (%)

657del5 74/5,189 (1.4) 2.5 (1.7-3.8) < 0.001 15/635 (2.4) 4.2 (2.3-7.8) < 0.001 35/6,152 (0.6)   
R215W 13/5,189 (0.25) 1.3 (0.5-3.4) 0.762 2/635 (0.3) 1.6 (0.3-8.2) 0.889 6/3,122a) (0.2)
I171V 140/5,189 (2.7) 1.2 (0.9-1.5) 0.351 8/635 (1.3) 0.5 (0.3-1.1) 0.120 73/3,122a) (2.3)
E185Q 2,207/5,189 (42.6) 1.0 (0.9-1.1) 0.994 270/634 (42.6) 1.0 (0.8-1.2) 0.982 2,617/6,152 (42.5)
(GG genotype)

E185Q 2,389/5,189 (46.0) 1.0 (0.9-1.1) 0.565 287/634 (45.3) 1.0 (0.8-1.2) 0.952 2,798/6,152 (45.5)
(GC genotype)

E185Q 593/5,189 (11.4) 0.9 (0.8-1.1) 0.379 77/518 (12.1) 1.0 (0.8-1.3) 0.954 737/6,152 (12.0)
(CC genotype)

OR, odds ratio; CI, confidence interval. a)For R215W and R215W variants 3,122 controls were only genotyped.

Table 1. Effect of NBN variants on prostate cancer risk
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carriers with the adverse GG allele, the proportion with 

advanced stage was 44% compared to 25% cases with no

NBN variant (p=0.023). Among 657del5 carriers with other

E185Q genotypes (GC and CC), advanced stage was present

in only 29%, which is comparable to that of the non-carrier

cases (25%, p=0.778). 

We obtained data about the presence of distant metastasis

at diagnosis for 257 patients: of these, 37 patients had evi-

dence of metastasis (M1) and 220 had no evidence of metas-

tasis (M0). The frequency of NBN 657del5 mutation was

particularly high among patients with metastatic disease

(4/37, 10.8%) compared to those with no evidence of metas-

tasis (1/220, 0.5%). All four men with metastatic disease and

the 657del5 mutation carried the GG genotype of E185Q.

Table 3.  Clinical characteristics of prostate cancers in carries of variant alleles in NBN

657del5 657del5 and 657del5 and Neither 

mutation p-value E185Q GG p-value E185Q non-GG p-value genotypea)

(n=74) genotype (n=50) genotype (n=24) (n=2,958)

Age of diagnosis (yr)

Mean 67.0 0.505 67.0 0.586 67.0 0.697 67.8

PSA level at diagnosis (ng/mL)

Median 11.7 0.592 13.4 0.237 8.6 0.532 11.8

! 4.0 1/44 (2.3) 0.724 1/27 (3.7) 1.000 0/17 (0.0) 1.000 86/1,652 (5.2)

4.1-10 17/44 (38.6) 1.000 6/27 (22.2) 0.077 11/17 (64.7) 0.044 647/1,652 (39.2)

10.1-20.0 11/44 (25.0) 1.000 9/27 (33.3) 0.367 2/17 (11.8) 0.271 407/1,652 (24.6)

> 20.0 15/44 (34.1) 0.742 11/27 (40.7) 0.297 4/17 (23.5) 0.607 512/1,652 (30.1)

Gleason score

< 7 25/54 (47.2) 0.522 17/36 (47.2) 0.618 8/18 (44.4) 0.638 1,011/1,957 (51.7)

7 15/54 (28.3) 0.892 8/36 (22.2) 0.460 7/18 (38.9) 0.438 579/1,957 (29.6)

> 7 14/54 (24.5) 0.250 11/36 (30.6) 0.085 3/18 (16.7) 1.000 367/1,957 (18.7)

Stage

T1 14/49 (28.6) 0.755 7/32 (21.9) 0.256 7/17 (41.2) 0.437 467/1,467 (31.8)

T2 16/49 (32.7) 0.186 11/32 (34.4) 0.370 5/17 (29.4) 0.328 632/1,467 (43.1)

T3 8/49 (16.3) 0.852 5/32 (15.6) 0.820 3/17 (17.6) 1.000 272/1,467 (18.5)

T4 11/49 (22.4) 0.0004 9/32 (28.1) 0.0002 2/17 (11.8) 0.311 96/1,467 (6.5)

T3 or T4 19/49 (38.8) 0.044 14/32 (43.7) 0.023 5/17 (29.4) 0.778 368/1,467 (25.1)

Values are presented as number (%) unless otherwise indicated. a)p-values are calculated with respect to carriers of neither

genotype (657del5 negative and E185Q GG genotype negative cases) as reference group.

Unselected prostate cancer cases Familial prostate cancer cases Control
Variants present

No. OR (95% Cl) p-value No. OR (95% Cl) p-value No.

Effect of NBN 657del5 on cancer risk among carriers of GG genotype of E185Q  

NBN 657del5–negative 2,157 4.4 (2.4-8.0) < 0.001 260 7.2 (3.1-16.3) < 0.001 2,603

and GG genotype

NBN 657del5–positive 50 10 14

and GG genotype

Effect of NBN 657del5 on cancer risk among carriers of GC/CC genotype of E185Q

NBN 657del5–negative 2,958 1.4 (0.8-2.4) 0.382 359 2.3 (0.9-6.2) 0.161 3,514

and GC/CC genotype

NBN 657del5–positive 24 5 21

and GC/CC genotype

OR, odds ratio; CI, confidence interval.

Table 2. Effect of NBN 657del5 on prostate risk among studied groups, by genotype of the E185Q missense variant
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Data on survival was available for 5,185 men with prostate

cancer (Table 4). After a median follow-up of 109 months

there were 42 deaths (56.7%) among 74 carriers of NBN
657del5 mutation and 2,271 deaths (44.4%) among 5111 non-

carriers. The median survival was 81 months for 657del5 car-

riers compared to 129 months for non-carriers (HR, 1.63; 95%

CI, 1.1 to 2,4; p=0.001, log-rank test) (Fig. 1). The 10-year sur-

vival was 34% for 657del5 carriers compared to 53% for non-

carriers. After adjusting for age of diagnosis, PSA, stage and

grade, the HR for mortality associated with NBN 657del5 

mutation was 1.52 (95% CI, 1.1 to 2.2; p=0.023) (S1 Table). 

Survival was modified according to the background of

E185Q missense variant. There were 31 deaths (62%) recor-

ded in 50 carriers of NBN 657del5 mutation and the GG geno-

type, and 975 deaths (45.2%) in 2,155 men without 657del5

but with the GG genotype of E185Q. Among all men with

the GG genotype of E185Q, survival experience was signifi-

cantly worse for carriers of 657del5 NBN mutation, compared

to non-carriers (HR, 1.9; p=0.0004, log-rank test; 10 year sur-

vival 28% vs. 53%, respectively) (Fig. 2). Among men with

other alleles of E185Q (GC and CC), survival experience was

similar for carriers of 657del5 NBN mutation and non-carri-

ers (HR, 1.1; p=0.659; 10-year survival 45% vs. 53%, respec-

tively).

To investigate whether other NBN variants (i.e., those

linked to the G allele of E185Q) may affect cancer risk among

carriers of the 657del5 mutation, we sequenced the NBN gene

in 16 prostate cancer patients (8 with the GG genotype of

E185Q and 8 without) but we did not detect any other coding

variants in sequence of the NBN gene. 

Discussion

Here we extend our earlier work which established NBN
657del5 as a prostate cancer susceptibility allele [5,14]. In our

previous study, we genotyped 3,750 prostate cancer cases

and 3,956 controls for a single truncating mutation in NBN
(657del5). We have enlarged our series to include 5,189 men

with prostate cancer and 6,152 controls and we genotyped

all subjects for four recurrent variants of NBN (657del5,

R215W, I171V, and E185Q).  

Recently Mijuskovic et al. [16] sequenced germline whole

exomes from 139 aggressive (metastatic, age of diagnosis  

<  60) and 141 non-aggressive (low clinical grade, age of 

Table 4.  Survival of men with prostate cancer; by variant alleles of NBN

Men with Men with 657del5 Men with 657del5 Men with
657del5 and E185Q GG and E185Q non-GG neither genotypea)

mutation (n=74) genotype (n=50) genotype (n=24) (n=2,956)
Median follow-up (mo) 90 90 87 106

Proportion of deceased (%) 56.8 62.0 45.8 43.8

Median survival (mo) 81 78 95 132

5-Year survival (%) 56 51 66 69

10-Year survival (%) 34 28 45 53

HR 1.6 2.0 1.1 1.0a)

95% CI 1.1-2.5 1.2-3.2 0.6-2.2 -

p-value 0.001 0.0001 0.659 -

Hazard ratio (HR), 95% confidence interval (CI), and p-values are calculated by log-rank test. a)Reference group (men with

prostate cancer without 657del5 and without GG genotype of E185Q.

Fig. 1.  Kaplan-Meier curves of prostate cancer patients

with 657del5 mutation in NBN, compared with prostate

cancer patients without 657del5 variant (non-carriers). HR,

hazard ratio.
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diagnosis ! 60) prostate cancer cases from the United King-
dom, and found that truncating variants of NBNwere signif-
icantly enriched among patients with the aggressive phe-
notype. Two other studies explored the association between
NBN and prostate cancer risk. In first study, the 657del5 allele
was seen in seven of 3,037 men with prostate cancer (0.23%)
and in none of 990 unaffected controls in the United States
[17]. The clinical characteristics of the mutation positive cases
are not described. In the second study, 94 familial prostate
cancer cases from the USA were screened by whole exome-
sequencing. A novel truncating mutation of NBN, (2117 C>G
mutation that results in a premature stop at codon 706
(S706X) was detected in one family [18].

In the current study we also investigated the potential
pathogenicity of three missense variants of NBN. These three
variants (E185Q, R215W, I171V) were selected from over 84
known missense variants in NBN on the basis of suggestive
prior evidence of pathogenicity and because they are founder
alleles in the Polish population [19-25]. None of the three mis-
sense variants was associated with prostate cancer risk in the
current study. However, in an examination of potential inte-
ractions between all four NBN variants an interesting pattern
emerged. The excess cancer risk in carriers of 657del5 dele-
tion was restricted to the subgroup of men who were homo-
zygous for the GG genotype in codon 185 of the same gene.
Among men with the GG genotype of E185Q, the OR associ-
ated with a truncating 657del5 mutation was 4.4 (95% CI, 2.4
to 8.0). Among men with other E185Q genotypes (GC and
CC), the 657del5 deletion was not associated with prostate
cancer (OR, 1.4; 95% CI, 0.8 to 2.4; homogeneity p=0.006). We
saw a similar modifying effect of the E185Q GG allele on the

pathogenicity of 657del5 when we studied clinical presenta-
tion and survival. The adverse effect of the 657del5 mutation
on survival was present among carriers of the GG genotype
of E185Q (HR, 1.9; p=0.0004), but was not present among
657del5 carriers with other E185Q genotypes (HR, 1.1; p=0.659).
The two observations (the effect of E185Q on prostate cancer
risk and prognosis among 657del5 mutation carriers) are 
independent, one validates the other. In addition, we saw
similar interaction between these two NBN variants for risk
of breast cancer (data not shown). Therefore, we propose that
the pathogenicity of NBN 657del5 truncating mutation may
be modified by the E185Q missense variant of the same gene. 

To investigate whether other NBN variants (i.e., those
linked to the G allele of E185Q) may affect cancer risk among
carriers of the 657del5 mutation, we sequenced the entire
NBN gene in 16 prostate cancer patients (8 with the GG geno-
type of E185Q and 8 without) but we did not detect any other
coding variants in sequence of the NBN gene. This suggests
that the E185Q polymorphism may be the functional variant
with regard to risk modification.

The NBN 657del5 mutation is predicted to generate two
truncated proteins of 219 (p26) and 754 (p70) amino acids in
length. p26 lacks a critical domain necessary for MRE11 
interaction [26,27]. The G allele of E185Q is in complete link-
age disequilibrium with the 657del5 mutation. It was obser-
ved that 68% of unselected prostate cancer cases with the
deletion have the G allele and 32% of the carriers have the C
allele on the other (non-mutant) chromosome. Our data sug-
gest that among deletion carriers it is necessary that the nor-
mal copy of the NBN protein carry a glutamic acid residue
at position 185 to confer susceptibility to prostate cancer.

Fig. 2.  Kaplan-Meier curves of prostate cancer patients with a 657del5 mutation in NBN and non-carriers: on the GG genotype
background of E185Q (A); on the non-GG (GC and CC) genotype background of E185Q (B).
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This observation has several clinical implications—we call
into question the pathogenicity of the novel NBNmutations
that have not been well studied—the risk of cancer is not the
same for all 657del5 mutation carriers. It is important to 
establish the E185Q genotype status when counseling a car-
rier of a 657del5 deletion. Further, we question the practice
of adding cancer susceptibility genes to testing panels before
they have been well characterized for a range of truncating
mutations in different ethnic populations. 

Herein we describe a new model for inherited cancer sus-
ceptibility wherein the penetrance of a dominant cancer sus-
ceptibility gene is modified by other alleles of the same gene
(in trans or in cis) which, on their own, do not increase risk.
This phenomenon may explain to some degree why different
risks of cancer have been reported for mutations in the same
gene in different countries and further studies are needed in
this regard. Based on these results, we consider it is prema-
ture to counsel men with truncating NBN mutations other
than 657del5 that they are at increased risk of prostate cancer
based on data derived from the single mutation, 657del5. It
will be important to study this paradigm in other cancer
genes as well. We describe a poor survival of men with the
NBN 657del5/E185Q GG genotype. 

There is no organized prostate screening program in
Poland and the majority of the patients in this study pre-
sented because of symptoms or because of an abnormal dig-
ital rectal examination. We believe that prostate cancer
screening is warranted in NBN carriers, because of the high
risk of cancer (OR, 4.4), the high likelihood of presenting clin-
ically with advanced disease and because of the poor sur-
vival experience of those who present with clinical signs or
symptoms. It is also important to determine if therapy 
beyond the conventional therapy is valuable for men with
prostate cancer and a NBNmutation. 

In conclusion, our results provide compelling evidence
that a founder 657del5 mutation in NBN predisposes to 
aggressive prostate cancers and that the pathogenicity of this
truncating mutation is modified by another allele of the same
gene (E185Q). 
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Impact of Mucin Proportion in the Pretreatment MRI on the Outcomes
of Rectal Cancer Patients Undergoing Neoadjuvant Chemoradiotherapy

Original Article

Purpose
The purpose of this study was to evaluate treatment response to neoadjuvant chemoradio-
therapy (CRT) with regard to mucin status in pathology and pretreatment magnetic reso-
nance imaging (MRI) in locally advanced rectal cancer.

Materials and Methods
Between 2003 and 2011, 306 patients with locally advanced rectal cancer received neoad-
juvant CRT followed by surgery, and mucinous adenocarcinoma (MAC) was found in 27
(8.8%). All MAC patients had MRI before and after CRT and mucin proportion at MRI was
measured. Therapeutic response was assessed by pathology after total mesorectal excision.
To determine the optimal cut-off for mucin proportion in predicting good CRT response (near
total or total regression) and negative circumferential resection margin (CRM), the receiver-
operating characteristic analysis was performed.

Results
After neoadjuvant CRT, overall downstaging occurred in 44.4% of MAC and 72.4% of non-
MAC (p=0.001), and positive CRM (! 1 mm) was observed more frequently in MAC (p <
0.001). The optimal threshold for treatment response was 30% for mucin proportion, and
there are nine with low mucin proportion (< 30%) and 18 with high mucin proportion 
(" 30%) in pretreatment MRI. Negative CRM and tumor downstaging occurred more com-
mon in patients with mucin < 30%, although statistically insignificant (p=0.071 and
p=0.072, respectively). Regarding oncologic outcomes, lower mucin proportion in pretreat-
ment MRI was associated with better disease-free and overall survival in MAC group
(p=0.092 and 0.056, respectively), but the difference did not reach statistical significance.   

Conclusion
Poor treatment outcome with neoadjuvant CRT was observed in patients with MAC, espe-
cially those with high mucin proportion at pretreatment MRI.

Key words
Mucinous rectal cancer, Neoadjuvant chemoradiotherapy, 
Magnetic resonance imaging
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Introduction

Mucinous adenocarcinoma (MAC) is a histologic subtype
of rectal cancer that accounts for 5%-30% [1,2]. Previous 
investigators demonstrated the distinct difference of MAC
in the clinical characteristics and genetic alterations [3]. How-
ever, whether mucinous histology is associated with a poor
prognosis has been debated thus far. Several investigators
reported that MAC did not differ in the clinical behavior
from non-mucinous adenocarcinoma (NMAC) [4,5]. How-
ever, more recent studies have reported that MAC has a poor
response to neoadjuvant chemoradiotherapy (CRT) [6-9].

MAC is characterized by abundant extracellular mucin
that exceeds 50% of the tumor volume by histologic exami-
nation. Mucinous subtype can be determined based on initial
biopsy, but it is often difficult to be determined if the speci-
men is not representative. To compensate for the histologic
diagnosis, pretreatment magnetic resonance imaging (MRI)
has been shown to have high accuracy (97%) in predicting
MAC [10]. Furthermore, a previous study revealed that pati-
ents classified as mucinous by MRI were associated with
worse response to CRT [11]. Because mucin has high inten-
sity in T2-weighted MRI, physicians can easily identify the
mucin contents in a tumor. This study aimed to investigate
the prognostic importance of mucinous histology and mucin
status in pretreatment MRI in locally advanced rectal cancer
treated with neoadjuvant CRT followed by surgery.

Materials and Methods

1. Patients and treatment 

After institutional review board approval, we retrospec-
tively reviewed the records of 306 patients who underwent
curative surgery after preoperative CRT for locally advanced
rectal cancer, and identified 27 MAC among them by patho-
logic examination. Patients with distant metastases or any
other malignancies at diagnosis were excluded. All patients
were examined with a digital rectal examination, laboratory
tests, colonoscopy, and computed tomography. MR images
of MAC patients were reviewed by a radiologist specialized
in gastrointestinal imaging with longer than 20 years of 
experience. The radiologic proportion of mucin was meas-
ured as the percentage of mucin in the representative tumor
sections (Fig. 1). The TNM system was used for staging 
according to the 8th edition of the American Joint Committee
on Cancer (AJCC).

After histologic diagnosis of primary rectal cancer, all 

patients underwent preoperative concurrent CRT followed
by total mesorectal excision. Radiotherapy consisted of a
total 45-54 Gy in 25-30 fractions (median, 50.4 Gy). The gross
tumor volume (GTV) consisted of tumor and suspicious
lymph node(s) at diagnostic work-up. The clinical target vol-
ume (CTV) covered GTV, mesorectal tissues and regional
lymphatics such as the perirectal, presacral, and internal iliac
nodes. The planning target volume included the CTV plus a
1 cm margin. All patients were treated with 3D conformal 
radiotherapy in prone position. Preoperative concurrent
chemotherapy consisted of 5-fluorouracil (500 mg/m2) bolus
injection for 3 days during the first and last weeks of radio-
therapy or capecitabine (1,650 mg/m2) daily on days with 
radiotherapy. Post-treatment MRI was performed at median
7 weeks from the end of radiotherapy. Surgery was per-
formed median 57 days after preoperative CRT using either
low anterior resection or abdominoperineal resection depen-
ding on tumor location from the anal verge.

2. Follow-up and statistical analysis

Therapeutic response on surgery specimen was graded as
reported previously [12]. In the current study, to evaluate the
prognostic effect of CRT response, treated patients were 
divided into two groups as follows: good response was 
defined as patients with near total or total regression, and
poor response was defined as patients with no regression,
minimal or moderate regression. Receiver-operating charac-
teristic (ROC) analysis was performed to determine the opti-
mal cut-off value for the mucin proportion in MRI predicting
treatment responses including both negative circumferential

Fig. 1.  Pretreatment T2-weighted magnetic resonance
image of the patient with mucinous adenocarcinoma char-
acterized by mucin pools with high signal intensity. The
proportion of mucin was calculated by the ratio of the 
mucinous lesion (white line) in the primary tumor (yellow
line).
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resection margin (CRM) and good neoadjuvant CRT res-
ponse. The mucin proportion of tumor was measured in the
MRI taken after CRT, and the change of mucin proportion
was also evaluated. Patients were regularly followed-up at
3- to 6-month intervals with digital rectal examination, labo-
ratory test, imaging, and/or colonoscopy.

Overall survival (OS) was calculated as the time from the
first date of radiotherapy to the date of death, and disease-
free survival (DFS) was defined as the interval from the first
date of radiotherapy to any recurrent disease detection. The
Kaplan-Meier method was used to estimate survival rate.
The log-rank test and the Cox proportional hazards regres-
sion model were used for univariate and multivariate analy-
ses, respectively. Variables with a p-value < 0.1 were entered
into multivariate analyses. For the statistical analysis bet-
ween two groups, categorical variables were analyzed with

Pearson's chi-square or Fisher's exact test, and continuous
variables were compared using Student's t test, paired t test,
or Mann Whitney U-test. Factors with a p-value < 0.05 were 
regarded as statistically significant. The analyses were per-
formed using PASW Statistics for Windows, ver. 23.0 (IBM
Corp., Armonk, NY).

3. Ethical statement 

The institutional review board approved this study (appro-
val number: 1405-115-582 at Seoul National University Hos-
pital), and waived the requirement for obtaining informed
consent.

Table 1.  Patient and tumor characteristics

Variable MAC (n=27) NMAC (n=279) p-value

Age, mean (range, yr) 60 (40-82) 58 (31-82) 0.312
Sex

Male 18 (66.7) 201 (72.0) 0.554
Female 9 (33.3) 78 (28.0)

Performance status (ECOG)

0-1 27 (100) 276 (98.9) 0.588
2 0 ( 3 (1.1)

Tumor location (from AV, cm)

! 5 20 (74.1) 183 (65.6) 0.510
> 5 7 (25.9) 96 (34.4)

cT category

2-3 24 (88.9) 258 (92.5) 0.508
4                               3 (11.1) 21 (7.5)

cN category

0 7 (25.9) 59 (21.2) 0.564
1-2 20 (74.1) 220 (78.9)

Pre-RT CEA (mg/mL)

! 5 19 (70.4) 200 (71.7) 0.885
> 5 8 (29.6) 79 (28.3)

Concurrent chemotherapy regimen

5-Fluorouracil 20 (74.1) 244 (87.5) 0.054
Capecitabine 7 (25.9) 35 (12.5)

Operation

LAR or ULAR 22 (81.5) 259 (92.8) 0.032
APR 5 (18.5) 20 (7.2)

Adjuvant chemotherapy

Yes 23 (85.2) 243 (87.1) 0.778
No 4 (14.8) 36 (12.9)

Values are presented as number (%) unless otherwise indicated. MAC, mucinous adenocarcinoma; NMAC, non-mucinous
adenocarcinoma; ECOG, Eastern Cooperative Oncology Group; AV, anal verge; RT, radiotherapy; CEA, carcinoembryonic
antigen; LAR, low anterior resection; ULAR, ultralow anterior resection; APR, abdominoperineal resection.
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Results

1. Patient characteristics 

Between 2003 and 2011, 306 patients who were diagnosed

as locally advanced rectal cancer were treated with CRT fol-

lowed by radical surgery. There were 219 male and 87 female

patients (Table 1). The median patient age was 58 years

(range, 31 to 82 years). Twenty-seven patients had a histo-

logically confirmed MAC, and seven patients (25.9%) showed

acellular mucin in the surgical specimen. Compared with

NMAC patients, the rate of sphincter preservation was lower

in MAC group (p=0.032), despite no difference in tumor 

location from anal verge. More patients with MAC were

treated with capecitabine as a concurrent chemotherapy reg-

imen (p=0.054). Other variables including age, sex, perform-

ance status, clinical stage, pre-radiotherapy carcinoembryo-

nic antigen level, and the rate of adjuvant chemotherapy

were not significantly different between MAC and NMAC.

In MAC patients, the mean mucin proportions in pre- and

post-CRT MRI were 50.0±36.3% and 60.0±32.0%, respec-

tively. There was a significant increase in mucin proportion

after CRT (p=0.024). Eleven patients (40.7%) showed an 

increased proportion of mucin, and 16 patients (59.3%) had

decreased or no change in mucin proportion after CRT. The

change of mucin proportion was not related to tumor stage

(p=0.675) or downstaging (p=0.525). 

2. Treatment response according to mucin status in patho-

logic examination

On pathologic examination, we compared treatment res-

ponse following neoadjuvant CRT between MAC and

NMAC groups (Table 2). Although there was no significant

difference in ypT category and CRT response between MAC

and NMAC patients, the number of ypN0 patients was sig-

nificantly low in MAC group (p=0.049). Tumor and nodal

downstaging were significantly more common in patients

with NMAC (p=0.049 and p=0.011, respectively). Overall

downstaging occurred in 44.4% of MAC compared to 72.4%

in NMAC (p=0.001). Furthermore, positive CRM status, 

defined as ! 1 mm, was observed more frequently in MAC

group (p < 0.001).

Table 2.  Tumor response following CRT according to mucin status

Variable MAC (n=27) NMAC (n=279) p-value

ypT category

0-2 13 (48.2) 133 (47.7) 0.962

3-4 14 (51.9) 146 (52.3)

ypN category

0 15 (55.6) 207 (74.2) 0.038

1-2 12 (44.4) 72 (25.8)

CRT response

Good 7 (25.9) 70 (25.1) 0.924

Poor 20 (74.1) 209 (74.9)

CRM (mm)

! 1 7 (25.9) 15 (5.4) < 0.001

> 1 20 (74.1) 264 (94.6)

T downstaging

Yes 8 (29.6) 138 (49.5) 0.049

No 19 (70.4) 141 (50.4)

N downstaging

Yes 9 (33.3) 183 (65.6) 0.001

No 18 (66.7) 96 (34.4)

Overall downstaging

Yes 12 (44.4) 202 (72.4) 0.001

No 15 (55.6) 77 (27.6)

Values are presented as number (%). CRT, chemoradiotherapy; MAC, mucinous adenocarcinoma; NMAC, non-mucinous

adenocarcinoma; CRM, circumferential resection margin.
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3. Treatment response according to mucin status in pre-
treatment MRI

In the MAC group, the treatment response was evaluated

according to mucin proportion in pretreatment MRI (Table 3).

The optimal threshold values for tumor response was 30 %

for mucin proportion in pretreatment MRI by the ROC analy-

sis. Nine patients showed low mucin proportion (< 30%), and

18 patients had tumor with high mucin proportion (! 30%).

There was no significant difference in age, sex, tumor loca-

tion, and clinical T category, but lymph node metastasis was

more common in patients with high mucin content (p=0.078).

Patients with mucin ! 30% had tendency to have more 

advanced ypT category and positive CRM compared to low

mucin group (p=0.072 and p=0.071, respectively). Tumor

downstaging tended to occur more frequently in patients

with mucin < 30%, though difference was not statistically sig-

nificant (p=0.071).

4. Survival and prognostic factors in overall patients

With the median follow-up period of 68 months (range, 10

to 128 months), univariate analyses showed that tumor loca-

tion, ypT category, ypN category, CRM status, CRT res-

ponse, tumor and nodal downstagings were significantly

related to DFS (Table 4). Clinical and pathologic stages, CRM

Table 3.  Patient characteristics and tumor response according to mucin proportion in pretreatment MRI among MAC pati-

ents

Variable Mucin ! 30% (n=18) Mucin < 30% (n=9) p-valuea)

Age (yr) 60 (40-82) 60 (40-82) 0.979

Sex
Male 12 (66.7) 6 (66.7) 1.000

Female 6 (33.3) 3 (33.3)

Tumor location (from AV, cm)
" 5 10 (55.6) 6 (66.7) 0.692

> 5 8 (44.4) 3 (33.3)

cT category
2 3 (16.7) 3 (33.3) 0.367

3, 4                               15 (83.3) 6 (66.7)

cN category
0 3 (16.7) 4 (44.4) 0.078

1-2 15 (83.3) 5 (50.0)

ypT category
0-1 3 (16.7) 5 (55.6) 0.072

2-3 15 (83.3) 4 (44.4)

ypN category
0 8 (44.4) 7 (77.8) 0.217

1-2 10 (55.6) 2 (22.2)

CRT response
Good 3 (16.7) 4 (44.4) 0.121

Poor 15 (83.3) 5 (55.6)

CRM (mm)
> 1 12 (66.7) 9 (100) 0.071

" 1 6 (33.3) 0 (

T downstaging
Yes 3 (16.7) 5 (55.6) 0.072

No 15 (83.3) 4 (44.4)

N downstaging
Yes 6 (33.3) 3 (33.3) 1.000

No 12 (66.7) 6 (66.7)

Values are presented as mean (range) or number (%). MRI, magnetic resonance imaging; MAC, mucinous adenocarcinoma;

AV, anal verge; CRT, chemoradiotherapy; CRM, circumferential resection margin. a)Fisher's exact test.

1192 CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2019;51(3):1188-1197



status, CRT response, tumor and nodal downstagings were

also associated with OS. Multivariate analyses revealed that

tumor location and ypN category were significantly related

to DFS, whereas female, negative CRM status, and good CRT

response were favorable prognostic factors for OS.

5. Survival and prognostic factors in patients with MAC

Table 5 displays the results from univariate analyses for

DFS and OS in MAC patient subgroup. Among patients with

MAC, low mucin proportion in pretreatment MRI (< 30%)

Table 4.  Survival analyses for DFS and OS in overall patients

Variable 5-Year p-value p-value 5-Year p-value p-value
DFS (%) (uni) (multi) OS (%) (uni) (multi)

Sex
Male 74.2 0.094 - 82.2 0.056 0.032

Female 83.3 91.6

Age (yr)
! 60 77.5 0.578 - 85.8 0.828 -

> 60 75.6 85.2

Histology
MAC 76.3 0.529 - 85.1 0.849 -

NMAC 81.5 88.9

Location (from AV, cm)
! 5 72.3 0.005 0.027 85.4 0.820 -

> 5 85.2 85.5

cT category
2 94.7 0.056 - 100 0.037 -

3-4 75.5 83.8

cN category
0 81.2 0.206 - 92.3 < 0.001 -

1-2 75.6 82.8

ypT category
0-2 89.9 < 0.001 - 93.2 < 0.001 -

3-4 65.0 77.4

ypN category
0 85.1 < 0.001 0.008 91.2 < 0.001 -

1-2 55.5 68.4

CRM (mm)
> 1 79.2 < 0.001 0.061 87.2 < 0.001 0.002

! 1 45.5 54.6

CRT response
Good 76.7 0.011 - 94.8 0.002 0.022

Poor 73.4 81.2

T downstaging
Yes 80.7 < 0.001 - 92.5 < 0.001 -

No 72.4 77.2

N downstaging
Yes 89.2 < 0.001 - 89.3 0.005 -

No 65.5 77.3

Overall downstaging
Yes 85.0 < 0.001 - 90.8 < 0.001 -

No 58.6 71.5

DFS, disease-free survival; OS, overall survival; MAC, mucinous adenocarcinoma; NMAC, non-mucinous adenocarcinoma;

AV, anal verge; CRM, circumferential resection margin; CRT, chemoradiotherapy.
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was associated with better DFS and OS, although statistically

insignificant (p=0.092 and p=0.056, respectively) (Fig. 2). In

addition, increased mucin proportion after CRT was associ-

ated with better DFS (p=0.047). Pathologic nodal stage and

overall downstaging were significantly related to DFS

(p=0.006 and p=0.047, respectively).

Table 5.  Univariate analyses for DFS and OS in MAC patients

Variable 5-Year DFS (%) p-value 5-Year OS (%) p-value

Sex

Male 83.3 0.669 75.6 0.882

Female 77.8 88.9

Age (yr)

! 60 75.0 0.517 80.0 0.861

> 60 86.7 79.4

Mucin proportion in pre-CRT MRI (%)

< 30 100 0.092 100 0.056

" 30 72.2 71.1

Mucin proportion change after CRT

Increased 100 0.047 90.0 0.092

Not increased 68.8 72.9

Location (from AV, cm)

! 5 81.3 0.883 87.5 0.759

> 5 81.8 70.0

cT category

2 100 0.208 100 0.156

3-4 76.2 74.5

cN category

0 100 0.162 100 0.191

1-2 75.0 75.0

ypT category

0-1 100 0.124 100 0.083

2-4 73.7 71.6

ypN category

0 100 0.006 91.7 0.156

1-2 58.3 66.7

CRM (mm)

> 1 85.7 0.258 83.3 0.269

! 1 66.7 78.4

CRT response

Good 100 0.162 100 0.120

Poor 75.0 73.1

T downstaging

Yes 100 0.124 100 0.083

No 73.7 71.6

N downstaging

Yes 100 0.092 88.9 0.528

No 72.2 75.2

Overall downstaging

Yes 100 0.047 100 0.078

No 68.8 65.6

DFS, disease-free survival; OS, overall survival; MAC, mucinous adenocarcinoma; CRT, chemoradiotherapy; MRI, magnetic

resonance imaging; AV, anal verge; CRM, circumferential resection margin.
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Discussion

In this study, we investigated the prognostic impact of
MAC and mucin proportion in pretreatment MRI on treat-
ment response and survival outcomes in locoregionally 
advanced rectal cancer patients. MAC patients showed lower
rate of sphincter-preservation and inferior treatment res-
ponse, when compared to NMAC patients. Based on the 
optimal cutoff value for mucin proportion predicting treat-
ment response, MAC patients with high mucin proportion
(! 30%) in the initial MRI showed worse treatment response.
Although we failed to demonstrate the statistically signifi-
cant survival difference according to histology (MAC vs.
NMAC), mucin proportion was associated with survival out-
comes among MAC patients. Because patients with MAC are
less likely to respond to conventional neoadjuvant CRT, we
suggest that a more aggressive preoperative treatment strat-
egy needs to be devised for patients with MAC, especially
with high mucin proportion in the initial MRI.

The recent meta-analysis including eight prospective and
retrospective studies revealed that MAC showed lower rates
of negative CRM, pathologic complete response, tumor
downstaging and poor OS [13]. However, the significance of
MAC on clinical outcomes has been debated [4-8]. Although
there were population-based studies reporting that muci-
nous histology was not associated with poor survival in
colon cancer, rectal MAC was reported to be related with
poor prognosis [14-16]. However, Hugen et al. [6] demon-
strated that modern treatment approaches result in similar
survival outcomes between MAC and NMAC. They analyzed
the treatment outcome over a long period using data from
large trials and population-based cancer registry. Over time,
all rectal cancer patients showed improved 5-year OS (p 
< 0.001). There was a significant survival difference between

MAC and NMAC in 1989, but by 2006 there was no signifi-
cant difference in OS. Investigators noted that the survival
disparity has disappeared from 1999, and this was likely due
to progress in imaging, increased TME surgery, and use of
neoadjuvant treatment. In the present study, all patients 
received modern treatment from 2003 to 2011. We also con-
firmed that MAC patients showed inferior tumor response,
CRM status and downstaging, but this did not lead to differ-
ences in DFS and OS.

Advanced mucinous colorectal cancer has also been known
to have lower response to fluorouracil- or oxaliplatin-based
chemotherapy [17,18]. The resistance to conventional chemo-
therapy with mucinous histology has been explained by the
molecular characteristics. Molecular studies described that
MAC has high microsatellite instability (MSI), and it was 
related with a poor response to 5-fluorouracil [19-22]. On the
other hand, MSI-high tumors have appeared to be associated
with immune responses [23]. Because MSI-high tumors 
inflict a high mutation rate and increased expression of 
immune checkpoint molecules such as programmed cell
death 1, programmed death ligand 1, and CTLA-4, it has
been considered a good candidate for immunotherapy [24,25].
Because radiation also has immunomodulatory effects, 
radiotherapy may collaborate with immunotherapy to impro-
ve neoadjuvant treatment response in MAC patients [26].
Clinical studies combining immunotherapy and radiother-
apy should be considered to improve the neoadjuvant treat-
ment response for mucinous carcinoma.

Oberholzer et al. [11] accessed response to CRT with 
regard to mucin status in MRI. They included 88 patients and
categorized carcinoma by pretreatment MRI as mucinous
(mucin proportion > 50%, n=21) and as non-mucinous (mucin
proportion " 50%, n=67). Mucin status at initial MRI was 
associated with inferior response to CRT; positive resection
margin was more frequent (p < 0.001) and tumor and nodal

Fig. 2.  Kaplan-Meier survival curves according to mucin proportion in pretreatment magnetic resonance imaging (MRI).
(A) Overall survival. (B) Disease-free survival.
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downstagings were less frequent (p=0.012 and p=0.007,
respectively). Among patients classified as mucinous carci-
noma by MRI, 16 patients underwent surgery and all except
one were diagnosed as MAC on pathologic examination. In
the current study, we assessed pretreatment MRI in MAC
patients, and the mucin proportion predicting the treatment
response was 30% through ROC analysis. Tumor downstag-
ing and CRM status tended to be worse in patients with high
mucin proportion. In addition to the prior studies, current
study reconfirms a predictive value of mucin status in the
pretreatment MRI.

In the present study, increased mucin proportion after CRT
was associated with better DFS and OS. Patients with an 
increased proportion of mucin were those with a relatively
increased mucin ratio through a significant tumor regression
after treatment. In addition, the mucin proportion at post-
CRT MRI was not related to patient outcomes (data not
shown). The College of American Pathologists suggest acel-
lular mucin as a treatment response and not as the residual
tumor [27]. To analyze the significance of mucin pool, Shia
et al. [28] analyzed mucin pools in 33 cases and revealed that
acellular mucin pools were not associated with recurrence-
free survival. They suggest that mucin pools without tumor
cells do not have a significant impact on patient outcomes.
Several investigators also reported that it is difficult to dis-
tinguish between the true cancer and remaining mucin pool
if the lesion shows a high T2 signal intensity after CRT [9,29].

Therefore, these suggest that the mucin status of the MRI per-
formed after the CRT does not have a prognostic significance
and the viable cancer volume is more important than the
amount of mucin after the treatment.

Current study is not free from the statistical biases due to
the inherent nature of the retrospective study design with
limited number of MAC patients. The number of MAC pati-
ents was small because of the rare incidence of mucinous
subtype in rectal cancer. Small sample size of current study
may have affected the statistical significance related with sur-
vival outcomes. However, considering the paucity of results
reporting the value of MRI in MAC patients, current analysis
may provide valuable insights to treat mucinous rectal can-
cer patients. Currently, we are planning a multicenter study
with larger cohort to validate the results.

In summary, the current study showed inferior clinical
outcome with neoadjuvant CRT for mucinous rectal cancer,
especially in those patients with high mucin proportion at
pretreatment MRI. Further studies with larger number of
mucinous rectal cancer patients are needed to evaluate the
role of pretreatment MRI and the more strengthened treat-
ment for mucinous rectal cancer patients.

Conflicts of Interest

Conflict of interest relevant to this article was not reported.

1. Compton CC, Fielding LP, Burgart LJ, Conley B, Cooper HS,
Hamilton SR, et al. Prognostic factors in colorectal cancer. Col-
lege of American Pathologists Consensus Statement 1999.
Arch Pathol Lab Med. 2000;124:979-94.

2. Verhulst J, Ferdinande L, Demetter P, Ceelen W. Mucinous
subtype as prognostic factor in colorectal cancer: a systematic
review and meta-analysis. J Clin Pathol. 2012;65:381-8.

3. Hanski C. Is mucinous carcinoma of the colorectum a distinct
genetic entity? Br J Cancer. 1995;72:1350-6.

4. Halvorsen TB, Seim E. Influence of mucinous components on
survival in colorectal adenocarcinomas: a multivariate analy-
sis. J Clin Pathol. 1988;41:1068-72.

5. Hermanek P, Guggenmoos-Holzmann I, Gall FP. Prognostic
factors in rectal carcinoma: a contribution to the further devel-
opment of tumor classification. Dis Colon Rectum. 1989;32:
593-9.

6. Hugen N, van de Velde CJ, Bosch SL, Futterer JJ, Elferink MA,
Marijnen CA, et al. Modern treatment of rectal cancer closes
the gap between common adenocarcinoma and mucinous car-
cinoma. Ann Surg Oncol. 2015;22:2669-76.

7. Simha V, Kapoor R, Gupta R, Bahl A, Nada R. Mucinous ade-
nocarcinoma of the rectum: a poor candidate for neo-adjuvant
chemoradiation? J Gastrointest Oncol. 2014;5:276-9.

8. Shin US, Yu CS, Kim JH, Kim TW, Lim SB, Yoon SN, et al. 
Mucinous rectal cancer: effectiveness of preoperative chemo-
radiotherapy and prognosis. Ann Surg Oncol. 2011;18:2232-9.

9. Grillo-Ruggieri F, Mantello G, Berardi R, Cardinali M, Fenu F,
Iovini G, et al. Mucinous rectal adenocarcinoma can be asso-
ciated to tumor downstaging after preoperative chemoradio-
therapy. Dis Colon Rectum. 2007;50:1594-603.

10. Kim MJ, Park JS, Park SI, Kim NK, Kim JH, Moon HJ, et al. 
Accuracy in differentiation of mucinous and nonmucinous
rectal carcinoma on MR imaging. J Comput Assist Tomogr.
2003;27:48-55.

11. Oberholzer K, Menig M, Kreft A, Schneider A, Junginger T,
Heintz A, et al. Rectal cancer: mucinous carcinoma on mag-
netic resonance imaging indicates poor response to neoadju-
vant chemoradiation. Int J Radiat Oncol Biol Phys. 2012;82:
842-8.

12. Chang HJ, Park CK, Kim WH, Kim YB, Kim YW, Kim HG, et

References

1196 CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2019;51(3):1188-1197



al. A standardized pathology report for colorectal cancer. 
Korean J Pathol. 2006;40:193-203.

13. McCawley N, Clancy C, O'Neill BD, Deasy J, McNamara DA,
Burke JP. Mucinous rectal adenocarcinoma is associated with
a poor response to neoadjuvant chemoradiotherapy: a system-
atic review and meta-analysis. Dis Colon Rectum. 2016;59:
1200-8.

14. Hyngstrom JR, Hu CY, Xing Y, You YN, Feig BW, Skibber JM,
et al. Clinicopathology and outcomes for mucinous and signet
ring colorectal adenocarcinoma: analysis from the National
Cancer Data Base. Ann Surg Oncol. 2012;19:2814-21.

15. Hugen N, Verhoeven RH, Radema SA, de Hingh IH, Pruijt JF,
Nagtegaal ID, et al. Prognosis and value of adjuvant chemo-
therapy in stage III mucinous colorectal carcinoma. Ann
Oncol. 2013;24:2819-24.

16. Hogan J, Burke JP, Samaha G, Condon E, Waldron D, Faul P,
et al. Overall survival is improved in mucinous adenocarci-
noma of the colon. Int J Colorectal Dis. 2014;29:563-9.

17. Negri FV, Wotherspoon A, Cunningham D, Norman AR,
Chong G, Ross PJ. Mucinous histology predicts for reduced
fluorouracil responsiveness and survival in advanced colorec-
tal cancer. Ann Oncol. 2005;16:1305-10.

18. Catalano V, Loupakis F, Graziano F, Torresi U, Bisonni R, Mari
D, et al. Mucinous histology predicts for poor response rate
and overall survival of patients with colorectal cancer and
treated with first-line oxaliplatin- and/or irinotecan-based
chemotherapy. Br J Cancer. 2009;100:881-7.

19. Kazama Y, Watanabe T, Kanazawa T, Tada T, Tanaka J, Naga-
wa H. Mucinous carcinomas of the colon and rectum show
higher rates of microsatellite instability and lower rates of
chromosomal instability: a study matched for T classification
and tumor location. Cancer. 2005;103:2023-9.

20. Carethers JM, Chauhan DP, Fink D, Nebel S, Bresalier RS,
Howell SB, et al. Mismatch repair proficiency and in vitro 

response to 5-fluorouracil. Gastroenterology. 1999;117:123-31.
21. Jover R, Zapater P, Castells A, Llor X, Andreu M, Cubiella J,

et al. Mismatch repair status in the prediction of benefit from
adjuvant fluorouracil chemotherapy in colorectal cancer. Gut.
2006;55:848-55.

22. Ribic CM, Sargent DJ, Moore MJ, Thibodeau SN, French AJ,
Goldberg RM, et al. Tumor microsatellite-instability status as
a predictor of benefit from fluorouracil-based adjuvant che-
motherapy for colon cancer. N Engl J Med. 2003;349:247-57.

23. Dolcetti R, Viel A, Doglioni C, Russo A, Guidoboni M,
Capozzi E, et al. High prevalence of activated intraepithelial
cytotoxic T lymphocytes and increased neoplastic cell apop-
tosis in colorectal carcinomas with microsatellite instability.
Am J Pathol. 1999;154:1805-13.

24. Xiao Y, Freeman GJ. The microsatellite instable subset of col-
orectal cancer is a particularly good candidate for checkpoint
blockade immunotherapy. Cancer Discov. 2015;5:16-8.

25. Llosa NJ, Cruise M, Tam A, Wicks EC, Hechenbleikner EM,
Taube JM, et al. The vigorous immune microenvironment of
microsatellite instable colon cancer is balanced by multiple
counter-inhibitory checkpoints. Cancer Discov. 2015;5:43-51.

26. Friedman EJ. Immune modulation by ionizing radiation and
its implications for cancer immunotherapy. Curr Pharm Des.
2002;8:1765-80.

27. Compton CC. Key issues in reporting common cancer speci-
mens: problems in pathologic staging of colon cancer. Arch
Pathol Lab Med. 2006;130:318-24.

28. Shia J, McManus M, Guillem JG, Leibold T, Zhou Q, Tang LH,
et al. Significance of acellular mucin pools in rectal carcinoma
after neoadjuvant chemoradiotherapy. Am J Surg Pathol.
2011;35:127-34.

29. Hussain SM, Outwater EK, Siegelman ES. Mucinous versus
nonmucinous rectal carcinomas: differentiation with MR ima-
ging. Radiology. 1999;213:79-85.

VOLUME 51 NUMBER 3 JULY 2019  1197

Eunji Kim, Mucin in the Pre-CRT MRI in Rectal Cancer



│ https://www.e-crt.org │1198 Copyright ⓒ 2019 by  the Korean Cancer Association

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Cancer Res Treat. 2019;51(3):1198-1206

pISSN 1598-2998, eISSN 2005-9256

https://doi.org/10.4143/crt.2018.527

Open Access

Associations of Genetic Variations in Mismatch Repair Genes MSH3
and PMS1 with Acute Adverse Events and Survival in Patients with
Rectal Cancer Receiving Postoperative Chemoradiotherapy

Original Article

Purpose
Mismatch repair (MMR) deficiency plays a critical role in rectal cancer. This study aimed to
explore the associations between genetic variations in seven MMR genes and adverse
events (AEs) and survival of patients with rectal cancer treated with postoperative chemora-
diotherapy (CRT). 

Materials and Methods
Fifty single nucleotide polymorphisms in seven MMR (MLH1, MLH3, MSH2, MSH3, MSH6,
PMS1 and PMS2) genes were genotyped by Sequenom MassARRAY method in 365 patients
with locally advanced rectal cancer receiving postoperative CRT. The associations between
genotypes and AEs were measured by odds ratios and 95% confidence intervals (CIs) by
unconditional logistic regression model. The associations between genetic variations and
survival were computed by the hazard ratios and 95% CIs by Cox proportional regression
model. 

Results
The most common grade ! 2 AEs in those 365 patients, in decreasing order, were diarrhea
(44.1%), leukopenia (29.6%), and dermatitis (18.9%). Except 38 cases missing, 61 patients
(18.7%) died during the follow-up period. We found MSH3 rs12513549, rs33013, and
rs6151627 significantly associated with the risk of grade ! 2 diarrhea. PMS1 rs1233255
had an impact on the occurrence of grade ! 2 dermatitis. Meanwhile, PMS1 rs4920657,
rs5743030, and rs5743100 were associated with overall survival time of rectal cancer.    

Conclusion
These results suggest that MSH3 and PMS1 polymorphisms may play important roles in
AEs prediction and prognosis of rectal cancer patients receiving postoperative CRT, which
can be potential genetic biomarkers for rectal cancer personalized treatment.
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Introduction

In China, colorectal cancer (CRC) ranks the fifth leading
cause of cancer death and approximately 300,000 new CRC
cases occur each year [1]. Rectal cancer accounts for approx-
imately 30% of all CRC. Individuals with high-risk stage II
or III rectal cancer are commonly treated with adjuvant
chemoradiotherapy (CRT) combined with surgery [2]. Pati-
ents vary in their response to the postoperative CRT [3]. A
lot of them suffer from adverse events (AEs) or tumor pro-
gression or even death. As we all known, familial risk is one
of the highest among cancers, suggesting that genetic factor
may play an important role in rectal cancer. Therefore, inher-
ited genetic factors may explain some of the variability of 
patients’ response and prognosis [4,5]. If genetic markers of
predicting the risk of AEs and prognosis can be reliably iden-
tified as we previously found [6], they might offer insights
into the biological mechanism of response to treatment and
prognosis.

Mismatch repair (MMR) is one of the most important DNA
repair processes that play key roles in the correction of mis-
pairs arising during DNA replication and participate in
apoptotic signaling in response to DNA damage [7,8]. When
a germ-line microsatellite allele has gained or lost repeat unit,
MMR ability has been disrupted [9]. MMR deficiency (dMMR)
has been associated with prognosis and response to fluo-
ropyrimidine-based adjuvant therapy in CRC [10]. Emerging
evidence suggests that dMMR can be predictive of significant
response and survival gain from immune checkpoint inhi-
bitors [11,12]. It was reported that genetic variations in MMR
genes were associated with survival and chemotherapy tox-
icity in different types of cancer [13,14]. However, MMR sta-
tus considered as one of the most well-established bio-
markers in CRC, little has known about the associations bet-
ween MMR polymorphisms and AEs and survival in rectal
cancer. 

Based on the above considerations, the purpose of this
study was to investigate the role of MMR genetic polymor-
phisms in modulating the risk of AEs and prognosis of rectal
cancer. It is essential to understand the involvement of MMR
system in the response of cancer cells to anticancer treatment
for determining individualized CRT strategy that allows 
selecting patients most likely to benefit from limit toxic 
effects and maximize efficacy.

Materials and Methods

1. Patients

All of the 365 Chinese patients with rectal cancer recruited
at the Cancer Hospital, Chinese Academy of Medical Sci-
ences (Beijing, China) between January 2005 and June 2015
were treated with total mesorectal excision surgery followed
by a total radiation dose of 50 Gy applied in 25 fractions over
a period of 5 weeks concurrently with daily administration
of CAP (1,600 mg/m2 per day, continuously for 2 weeks and
taking a week off every 21-day cycle [days 1 through 14 and
days 21 through 35]). Study details were described in full in
our prior publication [6]. Patient eligibility criteria included
as following: (1) diagnosed by at least two certified patholo-
gists as rectal adenocarcinoma; (2) primary, locally advanced
rectal cancer without distant metastases; (3) Karnofsky Per-
formance Score (KPS) ! 70 and life expectancy ! 6 months;
(4) not more than 75 years old; and (5) with no history of can-
cer and with adequate organ function. AEs were graded 
according to the Common Terminology Criteria for Adverse
Events ver. 4.0. 

A total of 365 unrelated patients were eligible to participate
in this analysis. Demographic and clinical characteristics 
information (including sex, age, clinical stage, tumor grade,
KPS, surgical procedure, and tumor location) were obtained
from each patient’s medical records. Patients were followed
up to get their survival information and follow-up data were
obtained at outpatient clinic and medical records or by tele-
phone call. The last follow-up date was June 22, 2018. 

2. Single nucleotide polymorphisms selection and geno-
typing

There are a great number of single nucleotide polymor-
phisms (SNPs) located in these seven MMR genes. We app-
lied candidate strategy to select SNPs of interest. First of all,
we searched all SNPs in the National Center for Biotechnol-
ogy Information dbSNP databases in these seven MMR genes.
Second, we sifted out SNPs with minor allele frequency 
! 0.10 according to the Chinese Han Beijing population data
of 1000 GENOMES. Then, we choose SNPs according to hap-
lotype blocks of the genetic variations among Han Chinese
with r2 > 0.8 using HaploReg. Finally, 50 candidate SNPs in
those seven MMR genes were selected for study (S1 Table). 

Whole blood sample (2 mL) was collected from patient at
the time of enrollment before therapy, and DNA was ext-
racted using the manufacturer’s recommendations. All poly-
morphisms in MMR genes were genotyped by Sequenom
MassARRAY method. Primers and probes used were shown
in S2 Table. For quality controls, genotyping was performed
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with one blank sample and four replication samples included
in each 96-well plate without knowledge of patients’ infor-
mation. The reproducibility was 100%. 

3. Statistical analysis

AEs were grouped into grade 2 to 4 leukopenia, grade 2 to
4 diarrhea, and grade 2 or 3 dermatitis. The associations bet-
ween genotypes and AEs were measured by odds ratios
(ORs) and 95% confidence intervals (CIs), adjusted for sex,
age, clinical stage, tumor grade, KPS, surgical procedure, and
tumor location by unconditional logistic regression model.
Overall survival (OS) was calculated as the time to death or
last follow-up from the date of diagnosis. Univariate Cox
hazard proportional models were used to evaluate the effect
of genotypes on the OS without adjusting for any clinical
characteristics while multivariate analysis was adjusted for
sex, age, clinical stage, tumor grade, KPS, surgical procedure,

and tumor location. Survival distributions were estimated
using the Kaplan-Meier method and compared with log-rank
test. The statistical significance was settled at p < 0.05. All the
statistical tests were performed by using software R v3.3.3
and SPSS ver. 21.0 (IBM Corp., Armonk, NY).

4. Ethical statement

Written informed consent for genotypic analysis was
specifically obtained from each patient and this study was
approved by the Institutional Review Board of Cancer Hos-
pital, Chinese Academy of Medical Sciences and met the 
requirements of Declaration of Helsinki.

Characteristic
Leukopenia Diarrhea Dermatitis

Grade 0-1 Grade ! 2 p-valuea) Grade 0-1 Grade ! 2 p-valuea) Grade 0-1 Grade ! 2 p-valuea)

Sex
Male 165 (64.2) 56 (51.9) 0.028 117 (57.4) 104 (64.6) 0.160 178 (60.1) 43 (62.3) 0.738
Female 92 (35.8) 52 (48.1) 87 (42.6) 57 (35.4) 118 (39.9) 26 (37.7)

Age (yr)
! 56 134 (52.1) 64 (59.3) 0.213 118 (57.8) 80 (49.7) 0.121 160 (54.1) 38 (55.1) 0.878
> 56 123 (47.9) 44 (40.7) 86 (42.2) 81 (50.3) 136 (45.9) 31 (44.9)

Clinical stage
II 109 (42.4) 40 (37.0) 0.340 88 (43.1) 61 (37.9) 0.311 123 (41.6) 26 (37.7) 0.556
III 148 (57.6) 68 (63.0) 116 (56.9) 100 (62.1) 173 (58.4) 43 (62.3)

Tumor grade
Poor 11 (4.3) 5 (4.6) 0.848 8 (3.9) 8 (5.0) 0.687 14 (4.7) 2 (2.9) 0.780
Moderate 220 (85.6) 90 (83.3) 172 (84.3) 138 (85.7) 251 (84.8) 59 (85.5)
Well 26 (10.1) 13 (12.1) 24 (11.8) 15 (9.3) 31 (10.5) 8 (11.6)

KPS 
90-100 109 (42.4) 42 (38.9) 0.223 78 (38.2) 73 (45.3) 0.315 125 (42.2) 26 (37.7) 0.689
80 131 (51.0) 53 (49.1) 110 (53.9) 74 (46.0) 146 (49.3) 38 (55.1)
70 17 (6.6) 13 (12.0) 16 (7.9) 14 (8.7) 25 (8.5) 5 (7.2)

Surgery
Dixon 201 (78.2) 83 (76.9) 0.776 129 (63.2) 155 (96.3) < 0.001 240 (81.1) 44 (63.8) 0.002
Mile’s 56 (21.8) 25 (23.1) 75 (36.8) 6 (3.7) 56 (18.9) 25 (36.2)

Tumor location
Distance from anal 95 (37.0) 34 (31.5) 0.317 94 (46.1) 35 (21.7) < 0.001 92 (31.1) 37 (53.6) < 0.001
< 5 cm

Distance from anal 162 (63.0) 74 (68.5) 110 (53.9) 126 (78.3) 204 (68.9) 32 (46.4)
" 5 cm

Values are presented as number (%). KPS, Karnofsky Performance Score. a)On the basis of chi-square test or Fisher exact test.

Table 1. Associations between clinical characteristics and acute adverse events in patients with rectal cancer receiving post-
operative chemoradiotherapy
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Results

1. Patient characteristics and clinical outcomes

Patients were grouped according to sex, age, clinical stage,

tumor grade, KPS, surgery, and tumor location. Baseline clin-

ical characteristics of 365 patients with rectal cancer were

shown in Table 1. Grade ! 2 leukopenia occurred less fre-

quently in male than in female (p=0.028). Surgical treatments

and tumor location had great impact on the occurrence of

grade ! 2 diarrhea (p < 0.001 and p < 0.001, respectively) and

dermatitis (p=0.002 and p < 0.001, respectively). Baseline clin-

ical characteristics of 327 patients with complete survival

data were summarized in Table 2. By the time of final analy-

sis (June 22, 2018), the median follow-up period was 92

months (range, 41 to 161 months), and 61 patients died dur-

ing the follow-up period. We examined whether the baseline

clinical characteristics contribute to survival and found that

stage II patients had significantly longer OS than stage III 

patients (p=0.002). No significant difference in OS was pre-

sented between patients with other demographic clinical

characteristics.  

2. Associations between genetic variations in MMR genes
and AEs in rectal cancer

We explored whether the genetic variations in MMR genes

had an impact on the occurrence of AEs in patients with rec-

tal cancer. The association results were shown in S3 Table.

For the 50 candidate SNPs examined in the current study,

none of them was significantly associated with the occur-

rence of grade ! 2 leukopenia after adjustment for sex, age,

clinical stage, tumor grade, KPS, surgical procedure and

tumor location. 

As for the risk of grade ! 2 diarrhea, we found 3 SNPs, 

including rs12513549 (additive model: OR, 0.68; 95% CI, 0.48

to 0.97; p=0.037), rs33013 (OR, 0.71; 95% CI, 0.50 to 0.99;

p=0.049), and rs6151627 (OR, 1.51; 95% CI, 1.02 to 2.27;

p=0.041), located in MSH3, were significantly associated with

diarrhea after adjusting for clinical characteristics (S3 Table).

Compared with the rs12513549 GG genotype, the adjusted

OR for patients with the rs12513549 GT genotype and TT

genotype was 0.69 (95% CI, 0.42 to 1.12; p=0.136) and 0.49

Table 2.  Associations between clinical characteristics and overall survival time in patients with rectal cancer receiving post-

operative chemoradiotherapy

Characteristic Total Alive Death p-valuea)

Sex
Male 198 (60.6) 156 (58.6) 42 (68.9) 0.175

Female 129 (39.4) 110 (41.4) 19 (31.1)

Age (yr)
" 56 175 (53.5) 145 (54.5) 30 (49.2) 0.547

> 56 152 (46.5) 121 (45.5) 31 (50.8)

Clinical stage
II 140 (42.8) 124 (46.6) 16 (26.2) 0.002

III 187 (57.2) 142 (53.4) 45 (73.8)

Tumor grade
Poor 14 (4.3) 12 (4.5) 2 (3.3) 0.189

Moderate 280 (85.6) 230 (86.5) 50 (82.0)

Well 33 (10.1) 24 (9.0) 9 (14.7)

KPS 
90-100 137 (41.9) 114 (42.9) 23 (37.7) 0.089

80 171 (52.3) 140 (52.6) 31 (50.8)

70 19 (5.8) 12 (4.5) 7 (11.5)

Surgery
Dixon 254 (77.7) 208 (78.2) 46 (75.4) 0.534

Mile’s 73 (22.3) 58 (21.8) 15 (24.6)

Tumor location
Distance from anal < 5 cm 113 (34.6) 89 (33.5) 24 (39.3) 0.349

Distance from anal ! 5 cm 214 (65.4) 177 (66.5) 37 (60.7)

Values are presented as number (%). KPS, Karnofsky Performance Score. a)Log-rank test.
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(95% CI, 0.20 to 1.14; p=0.101), respectively. Compared with

the rs33013 AA genotype, the adjusted OR for patients with

the rs33013 AG genotype and GG genotype was 0.88 (95%

CI, 0.52 to 1.49; p=0.641) and 0.38 (95% CI, 0.17 to 0.83;

p=0.017), respectively. Compared with the rs6151627 AA

genotype, the adjusted OR for patients with the rs6151627

AG genotype and GG genotype was 1.38 (95% CI, 0.85 to

2.25; p=0.192) and 2.99 (95% CI, 0.97 to 10.49; p=0.067), 

respectively (Table 3). The remaining 47 SNPs were not sig-

nificantly associated with the risk of diarrhea.

In addition, we found rs1233255 A>C in PMS1 was the

only significant SNP associated with the occurrence of grade

! 2 dermatitis, with an adjusted OR of 0.48 (95% CI, 0.23 to

0.93; p=0.041) (S3 Table). Compared with the rs1233255 AA

genotype, individuals with AC genotype (OR, 0.41; 95% CI,

0.17 to 0.86; p=0.028) or AC genotype combined CC genotype

(OR, 0.42; 95% CI, 0.19 to 0.87; p=0.027) had reduced risk of

grade ! 2 dermatitis, although CC genotype did not reach

significance likely because of the small number of individu-

als carrying CC genotype (OR, 0.56; 95% CI, 0.03 to 4.44;

p=0.627) (Table 4).  

3. Associations between genetic variations in MMR genes

and survival in rectal cancer

To examine whether genetic polymorphisms associated

with rectal cancer survival time, we performed univariate

and multivariate Cox regression analysis. The rs4920657,

No. (%)
OR (95% CI)a) p-valueGenotype

Grade 0-1 diarrhea Grade ! 2 diarrhea

rs12513549   

GG 88 (43.4) 85 (53.1) 1.00 (reference)

GT 93 (45.8) 62 (38.8) 0.69 (0.42-1.12) 0.136

TT 22 (10.8) 13 (8.1) 0.49 (0.20-1.14) 0.101

GT+TT 115 (56.6) 75 (46.9) 0.63 (0.39-1.00) 0.053

rs33013

AA 57 (27.9) 52 (32.3) 1.00 (reference)

AG 105 (51.5) 88 (54.7) 0.88 (0.52-1.49) 0.641

GG 42 (20.6) 21 (13.0) 0.38 (0.17-0.83) 0.017

AG+GG 147 (72.1) 109 (67.7) 0.74 (0.44-1.22) 0.239

rs6151627

AA 125 (61.3) 84 (52.2) 1.00 (reference)

AG 73 (35.8) 66 (41.0) 1.38 (0.85-2.25) 0.192

GG 6 (2.9) 11 (6.8) 2.99 (0.97-10.49) 0.067

AG+GG 79 (38.7) 77 (47.8) 1.50 (0.94-2.40) 0.088

SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence interval. a)Calculated by logistic regression model and

adjusted for sex, age, clinical stage, tumor grade, Karnofsky Performance Score, surgical procedure, and tumor location.

Table 3. Associations of 3 SNPs in MSH3 and risk of grade ! 2 diarrhea in rectal cancer patients

No. (%)
OR (95% CI)a) p-valueGenotype

Grade 0-1 dermatitis Grade ! 2 dermatitis

rs1233255   

AA 221 (74.9) 60 (87.0) 1.00 (reference)

AC 70 (23.7) 8 (11.6) 0.41 (0.17-0.86) 0.028

CC 4 (1.4) 1 (1.4) 0.56 (0.03-4.44) 0.627

AC+CC 74 (25.1) 9 (13.0) 0.42 (0.19-0.87) 0.027

OR, odds ratio; CI, confidence interval. a)Calculated by logistic regression model and adjusted for sex, age, clinical stage,

tumor grade, Karnofsky Performance Score, surgical procedure, and tumor location.

Table 4. Association of rs1233255 in PMS1 and risk of grade ! 2 dermatitis in rectal cancer patients

Cancer Res Treat. 2019;51(3):1198-1206
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rs5743030 and rs5743100 polymorphisms in PMS1 gene were
significantly associated with OS (additive model: hazard
ratio [HR], 0.58; 95% CI, 0.36 to 0.94; p=0.026 for rs4920657;
HR, 0.36; 95% CI, 0.16 to 0.84; p=0.018 for rs5743030; and HR,
0.49; 95% CI, 0.24 to 0.98; p=0.043 for rs5743100, respectively)
(S4 Table). The results of univariate analysis showed differ-
ential OS time between genotypes of these three SNPs (dom-
inant model: HR, 0.62; 95% CI, 0.36 to 1.08; p=0.090 for
rs4920657; HR, 0.40; 95% CI, 0.17 to 0.92; p=0.031 for rs57430-
30; and HR, 0.53; 95% CI, 0.26 to 1.08; p=0.080 for rs5743100,
respectively), although the associations of rs4920657 and
rs5743100 between genotypes and OS time just reached a
borderline-significance. Just like the univariate analysis, the
multivariate analysis draw the same conclusion (HR, 0.54;
95% CI, 0.31 to 0.94; p=0.029 for rs4920657; HR, 0.36; 95% CI,
0.15 to 0.85; p=0.019 for rs5743030; and HR, 0.50; 95% CI, 0.25
to 1.03; p=0.060 for rs5743100, respectively) (Table 5). Indi-
viduals with the heterozygous and variant homozygous
genotypes had longer OS time (log-rank test: p=0.087 for
rs4920657, p=0.025 for rs5743030, and p=0.075 for rs5743100,
respectively) (Fig. 1), even though Kaplan-Meier analysis of
rs4920657 and rs5743100 showed borderline-significant
longer OS time.  

Discussion

In this study, we investigated the associations of 50 SNPs
in seven genes involved in MMR pathway (MLH1, MLH3,
MSH2, MSH3, MSH6, PMS1, and PMS2) with AEs and OS in
patients with locally advanced rectal cancer. Here we found
three SNPs in MSH3, including rs12513549, rs33013, and
rs6151627, were associated with the occurrence of grade ! 2 
diarrhea, and rs1233255 in PMS1 decrease the risk of grade
! 2 dermatitis. In particular, three SNPs located in PMS1
(including rs4920657, rs5743030, and rs5743100) could affect
OS time of rectal cancer.  
MSH3, located in chromosome 5q14.1, the protein encoded

by this gene forms a heterodimer MutS beta with MSH2.
MSH2-MSH3 heterodimer has a higher affinity for ! 2 base
insertions/deletions, responsible for the recognition of mis-
matched bases. MutS beta initiates MMR by binding to a mis-
match and then forming a complex with MutL alpha hetero-
dimer [15]. In addition to its role in MMR, the MSH2-MSH3
complex is required in double strand break (DSB) [16]. The
MutS beta complex suppresses chromosomal instability and
modulate tumorigenesis due to its role in both DNA DSB 
repair and MMR [17]. Altered expression of MSH3 is also a
common occurrence in a variety of cancers, including non-
small cell lung cancer [18] and bladder cancer [19]. Altering
the nuclear localization of hMSH3 disrupt DNA MMR in

Genotype Alive Death

Univariate analysis Multivariate analysis

HR (95% CI)a) p-value HR (95% CI)b) p-value 

rs4920657

TT 156 (58.6) 43 (70.5) 1.00 (reference) 1.00 (reference)
TA 90 (33.9) 16 (26.2) 0.66 (0.37-1.17) 0.158 0.57 (0.32-1.03) 0.063
AA 20 (7.5) 2 (3.3) 0.42 (0.10-1.72) 0.227 0.33 (0.08-1.38) 0.129
TA+AA 110 (41.4) 18 (29.5) 0.62 (0.36-1.08) 0.090 0.54 (0.31-0.94) 0.029

rs5743030

GG 202 (76.5) 54 (90.0) 1.00 (reference) 1.00 (reference)
GA 59 (22.3) 6 (10.0) 0.41 (0.18-0.96) 0.040 0.38 (0.16-0.89) 0.025
AA 3 (1.2) 0 ( - 0.996 0.38 (0.16-0.89) 0.969
GA+AA 62 (23.5) 6 (10.0) 0.40 (0.17-0.92) 0.031 0.36 (0.15-0.85) 0.019

rs5743100

GG 194 (74.3) 52 (85.2) 1.00 (reference) 1.00 (reference)
GT 64 (24.5) 9 (14.8) 0.55 (0.27-1.12) 0.100 0.53 (0.26-1.08) 0.080 
TT 3 (1.2) 0 ( - 0.997 - 0.968
GT+TT 67 (25.7) 9 (14.8) 0.53 (0.26-1.08) 0.080 0.50 (0.25-1.03) 0.060

SNP, single nucleotide polymorphism; HR, hazard ratio; CI, confidence interval. a)Univariate analysis: calculated by Cox 
regression model without adjustment, b)Multivariate analysis: calculated by Cox regression model, adjusted by sex, age,
Karnofsky Performance Score, clinical stage, tumor grade, surgical procedure and tumor location.

Table 5. Associations between 3 SNPs in PMS1 and overall survival time in patients with rectal cancer receiving postoper-
ative CRT
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CRC cells [20]. Moreover, genetic variations in MSH3 were

found to have an impact on the risk of sporadic CRC [21].

Furthermore, MSH3 polymorphisms were also predictors of

patients’ clinical outcomes in CRC [22]. In our study, G allele

carriers of rs12513549, A allele carriers of rs33013, and G 

allele carriers of rs6151627, located in the intron area of MSH3,

exhibited increased risk of grade ! 2 diarrhea. MSH3 rs1251-

3549 is a G>T single nucleotide variation, rs33013 and rs61-

51627 are A>G single nucleotide variations. We speculated

that the three SNPs (including rs12513549, rs33013, and

rs6151627) may disrupt the capacity of MSH3 in DSB repair

and MMR so that DNA damage caused by chemical agents

and radiation accumulated or decreased, and finally result-

ing in the occurrence of grade ! 2 diarrhea. Furthermore,

rs6151627 A>G genetic variation was shown to be associated

with poor hematologic toxicity tolerance in non-small cell

lung cancer patients after being treated with platinum-based

chemotherapy, not associated with gastrointestinal toxicity

[13]. The disparity may be partially explained by the different

cancer types. 

Like the major and well-described MMR genes, such as

MSH2, MSH6, MLH1, and PMS2, the role of PMS1 in MMR

system could not be underestimated. Briefly, MLH1 dimer-

izes with PMS1, PMS2, or MLH3 to form the MLH1/PMS2

(MutL alpha), MLH1/PMS1 (MutL beta), or MLH1/MLH3

(MutL gamma) heterodimer. MutL complex, cooperating

with MutS complex, bind the DNA helix and recognize DNA

mismatches [23]. Aberrant PMS1 expression was observed

in thyroid cancer [24]. In addition to MSH2, MLH1, MSH6,

and PMS2 those four genes, mutations in PMS1 have also

been proposed to play a role in Lynch syndrome predisposi-

tion [25], an autosomal dominant condition (hereditary non-

poly-posis colorectal cancer) which caused by MMR defi-

ciency, typically presenting microsatellite instability. As pre-

viously reported, patients with CRC who were MMR defi-

cient seem to have a predicted poor response to 5-fluorou-

racil–based adjuvant chemotherapy treatment [10,26]. MMR-

deficient tumors were resistant to 5-fluorouracil–based adju-

vant chemotherapy treatment, resulting from FU/A pairs,

which was very closely resemble T/A pairs, escaping from

mismatch repair, causing cells unable to detect DNA damage

and promote cell apoptosis. In another hand, MMR increas-

ing the mutation rate throughout the genome resulting in 

genomic instability is also an indirect reason [27,28]. An 

important finding in our current study was that PMS1 poly-

morphisms may affect the occurrence of dermatitis and prog-

nosis in patients with rectal cancer. Previous studies have yet

found that rs5742933 variation in PMS1may serve as candi-

date prognostic markers of clinical outcome of non-small cell

lung cancer [29]. Surprisingly, the associations between PMS1

genetic variations and prognosis of rectal cancer were 

observed for the first time. The underlying molecular mech-

Fig. 1.  Kaplan-Meier estimates of three single nucleotide

polymorphisms and overall survival time in patients with

rectal cancer receiving postoperative chemoradiotherapy.

(A) rs4920657 (log-rank test, p=0.087). (B) rs5743030 (log-

rank test, p=0.025). (C) rs5743100 (log-rank test, p=0.075). 
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anism for these polymorphisms is still unclear. It is specu-
lated that genetic variations in PMS1 affected the risk of der-
matitis and clinical outcome by disrupting the MMR system.
We have previously examined the associations between
MMR polymorphisms and CRT sensitivity and survival in
patients with rectal cancer treated with preoperative CRT
and found that SNPs in MLH3 and MSH2 genes had impact
on CRT sensitivity and survival [30].

To the best of our knowledge, this is the first study to 
assess the effect of MMR polymorphisms on the risk of AEs
and prognosis of locally advanced rectal cancer treated with
total mesorectal excision surgery followed by concurrent
CRT in Chinese populations. Moreover, patients were 
enrolled from the same center and follow-up data were col-
lected by the same person, indicating that they were highly
homogeneous for their ancestry, excluding the possible pop-
ulation stratifications. Nevertheless, our results should be
validated in prospective studies with larger group of patients
and comprehensive design and functional molecular mech-
anisms of these SNPs need to be studied further. 

This study suggests that four SNPs (including rs12513549,
rs33013, and rs6151627 in MSH3 and rs1233255 in PMS1) are
associated with the risk of AEs, and three SNPs, including
rs4920657, rs5743030 and rs5743100 in PMS1, are associated
with survival of rectal cancer patients receiving postopera-
tive CRT. Therefore, these polymorphisms may be potential
independent biomarkers for predicting AEs and prognosis
in rectal cancer patients receiving postoperative CRT.
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KIF11 Functions as an Oncogene and Is Associated with 
Poor Outcomes from Breast Cancer

Original Article

Purpose

The study aimed to search and identify genes that were differentially expressed in breast

cancer, and their roles in cancer growth and progression. 

Materials and Methods

The Gene Expression Omnibus (Oncomine) and The Cancer Genome Atlas databases

(https://cancergenome.nih.gov/) were screened for genes that were expressed differentially

in breast cancer and were closely related to a poor prognosis. Gene expressions were ver-

ified by quantitative real-time polymerase chain reaction, and genes were knocked down

by a lentivirus-based system. Cell growth and motility were evaluated and in vivo nude mice

were used to confirm the in vitro roles of genes. Markers of epithelial-to-mesenchymal tran-

sition and the associations of KIF11 with the classical cancer signaling pathways were 

detected by Western blot.

Results

A series of genes expressed differentially in patients with breast cancer. The prognosis 

associated with high KIF11 expression was poor, and the expression of KIF11 increased

significantly in high stage and malignant tumor cells. Inhibiting KIF11 expression in lentivirus-

suppressed cells revealed that KIF11 inhibition significantly reduced cell viability and colony

formation, inhibited migration and invasion, but promoted apoptosis. The sizes and weights

of KIF11-inhibited tumors in nude mice were significantly lower than in the negative controls.

Western blot showed that E-cadherin in breast cancer was significantly upregulated in KIF-

inhibited cells and tumor tissues, whereas N-cadherin and vimentin were significantly down-

regulated. BT549 and MDA231 cells with KIF11 knockdown exhibited decreased ERK,

AMPK, AKT, and CREB phosphorylation.   

Conclusion

KIF11 acts as a potential oncogene that regulates the development and progression of

breast cancer. 

Key words
Breast neoplasms, KIF11, Survival, Oncogenes
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Introduction

Breast cancer is the most common and the fifth most com-
mon cause of cancer-related death worldwide; however, it is
the leading cause of cancer-related death among females in
less-developed countries [1,2]. In 2017 alone, the American
Cancer Society reported 252,710 new cases, of which 40,610
cases died because of the malignancy. Between 2005 and
2014, the prevalence of breast cancer in the Asia-Pacific 
region showed an annual growth rate of approximately 1.7%
[3]. In China, it is now estimated that there are 278,800 newly
diagnosed cases and 64,600 deaths per year [1]. Studies 
focusing on the etiology of breast cancer are of great impor-
tance if we are to improve early diagnosis and provide tar-
geted therapy.

Although the pathology of breast cancer is not fully under-
stood, many genes are thought to be involved. For instance,
ADHFE1 functions as a breast cancer oncogene that decrea-
ses patient survival, and when it is overexpressed with MYC,
it can enhance tumor growth in vitro [4]. SOX2, which 
belongs to a family of high-mobility group transcription fac-
tors, is frequently overexpressed in breast cancer tissues and
plays an important role in cell proliferation and mammary
tumorigenesis [5]. Skp2, which is highly expressed in breast
cancer specimens, is significantly associated with poor clin-
ical outcome [6]. Large-scale genomic studies using whole-
genome small hairpin RNA have also revealed that BRD4
may be a potential anticancer target [7]. Finally, overexpre-
ssed and amplified IKBKE has been shown to function as an
oncogene, with suppressed expression leading to cell death
in breast cancer [8].

Despite the progress in the research on the causative genes
related to breast cancer progression, there remain a large
number of genes that have not been fully characterized in
breast cancer. Therefore, we aimed to search and identify
genes that were differentially expressed in breast cancer, 
before verifying their roles in cancer growth and progression.

Materials and Methods

1. Cell culture

We cultured BT474, BT549, MCF-1, MDA231, and SK-BR-3
in Dulbecco's modified Eagle's medium (DMEM) containing
10% fetal calf serum (FCS; HyClone, Logan, UT) and incu-
bated at 37°C in a 5% CO2 atmosphere. All cell lines were
purchased from the Shanghai Cell Bank of Chinese Academy
of Medical Sciences (Shanghai, China).

2. Quantitative real-time polymerase chain reaction

Total RNA was isolated from breast cells using TRIzol
(Thermo Fisher Scientific, Waltham, MA) following a stan-
dard protocol. The reverse transcription products of total
RNA from each sample were obtained by using the Prime-
Script RT reagent kit (Takara, Tokyo, Japan). The SYBR Real-
time PCR Master Mix kit (TOYOBO, Osaka, Japan) was used
for mRNA amplification, according to the manufacturer's
protocol, and the amplification reactions were run on an ABI
7500 real-time PCR system (Applied Biosystems, Foster City,
CA). Data generated by quantitative real-time polymerase
chain reaction were analyzed by the 2-!!Ct method. Each reac-
tion was set up with three replicates per group.

3. Lentivirus-mediated RNA interference

Two small hairpin RNA of KIF11 (siKIF11-1, sense 5!-CC-
ACGTACCCTTCATCAA-3!; siKIF11-2, sense 5!-GGAGGA-
GCTGAATAGGGTT-3!) and a negative control (NC; sense
5!-UUCUCCGAACGUGUCACGUTT-3!) were cloned to the
HpaI and XhoI restriction sites of the LV-003 vector (Forever-
gen, Guangzhou, China), respectively, to generate KIF11 
interference plasmids. The resulting LV-003 siKIF11-1 and
LV-003 siKIF11-2 vectors were co-transfected with a packag-
ing vector into HEK-293T cells. At 48 and 72 hours after
transfection, lentivirus was harvested from the cell super-
natant by ultracentrifugation at 25,000 revolutions per
minute for 2 hours. The lentivirus was suspended in phos-
phate-buffered saline and subjected to cell infection. Stable
KIF11-knockdown cell lines, siKIF11-1 and siKIF11-2, were
cultured in a medium supplemented with 2 µg/mL puro-
mycin for 48 hours.

4. Western blot

Cells were analyzed with the RIPA buffer (Pierce, Rock-
ford, IL) on ice and were harvested. Cell lysate protein was
quantified by the BCA Protein Assay Kit (Pierce) and sepa-
rated on 12% polyacrylamide gels, which were then trans-
ferred to PDVF membranes (Millipore, Billerica, MA) and
blocked with 5% non-fat milk Tris-buffered saline. There-
after, the membranes were incubated overnight at 4°C in Eg5
primary antibodies (ab37814, 1:250 dilution, Abcam, Cam-
bridge, MA) followed by room temperature for 1 hour in
horseradish peroxidase-conjugated secondary antibodies of
Goat Anti-Rabbit IgG (ab6721, 1:2,000 dilution, Abcam). Blots
on the membranes were visualized by chemiluminescence
(Pierce), with glyceraldehyde 3-phosphate dehydrogenase
used as an internal reference control.
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5. MTS assay

Twelve hours before MTS assay with 3-(4,5-dimethylthia-
zol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium, the cell suspension was seeded onto a 96-well
plate at a density of 1!104. DMEM (100 µL) supplemented
with 20 µL of Cell Titer 96 Aqueous One Solution Reagent
(Promega, Madison, WI) was added to each well to deter-
mine cell viability. After 1, 2, and 3 days of culture, cell via-
bility was quantified by reading the absorbance at 490 nm on
a 96-well plate reader (Bio-Rad Laboratories, Hercules, CA).

6. Cytometry

To evaluate the apoptosis rate in the breast cells, 1!106 cells
were suspended in phosphate-buffered saline and stained
with 5 µL of annexin V and 1 µL of propidium iodide, accord-
ing to the manufacturer's instructions. After 15 minutes of
incubation, the stained cells were subjected to BD LSR II flow
cytometry (BD Biosciences, San Jose, CA) with the FlowJo
software, and we manually analyzed apoptosis.

7. Colony formation assay

Cells were seeded in 6-well culture dishes, at densities of
100, 200, and 400 cells/well. After 2 weeks, cell colonies that
formed on the plates were fixed with 4% paraformaldehyde
and visualized by staining with 0.1% crystal violet. Cell
colonies that formed in each group from three independent
experiments were counted and expressed as clone formation
ratios.

8. Transwell assay

Approximately 1!105 cells were seeded in the upper com-
partment of a transwell (BD Biosciences) and cultured in
serum-free DMEM medium for the assessment of cell migra-
tion and invasion. The lower chambers were added with
DMEM medium containing 10% FCS. In the migration assay,
cells in the upper compartment migrated through a microm-
eter pore filter to the lower chamber, whereas cells migrated
through a Matrigel-coated filter in the invasion assay. The
cell numbers in the lower compartment were counted per
group under an inverted microscope with 0.1% crystal violet
staining. Three high quantitative microscopic views were 
selected for calculation. All experiments were performed in
triplicate.

9. Xenograft mouse tumors

A total of ten 6-week-old BALB/c nu/nu mice were ran-
domly assigned to either a siKIF11 group or a NC group. In

the siKIF11 group, cells transduced with siKIF lentivirus
were implanted subcutaneously into nude mice and moni-
tored weekly for 5 weeks, and the tumor volume (volume
[mm3]=length!width2!0.5) and tumor weight were recorded
every week. The NC mice were implanted with lentivirus
cells. The animal experiments were approved by the Institu-
tional Research Medical Ethics Committee of the First Affil-
iated Hospital of Xiamen University.

10. Bioinformatics and statistical analysis

To explore the mRNA profiling of breast cancer, the expre-
ssion pattern of KIF11, and the relative expressions of KIF11
in different cancers, data retrieved from Oncomine were 
analyzed using their web portal (http://www.oncomine.
org). Analyses of the difference in KIF11 expression between
breast tumors and paired/unpaired adjacent normal tissues,
as well as the overall and recurrence-free survival times of
the KIF11-high-expression patients, were analyzed on the
basis of the data downloaded from The Cancer Genome
Atlas (https://cancergenome.nih.gov/), using the Oncomine
online analysis tools [9]. Data are expressed as means±stan-
dard deviation. The Student's t test was used to analyze the
difference between two groups. One-way analysis of vari-
ance followed by the least significant difference test was used
to analyze the differences among more than two groups. For
survival analyses, Kaplan-Meier curves were generated and
the differences between groups were analyzed by log-rank
tests. A p-value of < 0.05 was considered statistically signif-
icant. The database GEPIA (http://gepia.cancer-pku.cn/)
was used to generate the pathological stage plot of KIF11.

11. Ethical statement

The animal experiments were approved by the Institu-
tional Research Medical Ethics Committee of the First Affil-
iated Hospital of Xiamen University. All applicable interna-
tional, national, and institutional guidelines for the care and
use of animals were followed.

Results

1. Screening differential genes involved in breast cancer
progression

To screen candidate genes that may be associated with
breast cancer pathology, data sets were retried from Onco-
mine. As shown in Fig. 1A, COL11A1, GJB2, MMP11, MMP13,
PPAPDC1A, TPX2, SPAGS, HAGHL, KIF11, and CST2 were
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Fig. 1.  Analysis of differentially expressed genes in patients with breast cancer. (A) Heat map of relative mRNA expression
(normalized to tumor adjacent normal tissues) in patients with breast cancer, analyzed by the Oncomine database online
tool. (B) Survival analyses of patients with breast cancer and different expression levels of LAGE3, KIF11, POP1, PARN,
CCDC167, DDX39, NVL, and PPAPDC1A using the OncoLnc online survival analysis tool (http://www.oncolnc.org/).
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Fig. 2.  Relative expressions of KIF11 (A), POP1 (B), and PPAPDC1A (C) in 19 tumors. 
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the 10 most upregulated genes, followed by LACE3, POC1A,

TPX2, SCT, EPYC, POP1, RACGAP1, BMP8A, C6orf129,

DDX39, NVL, and HAGHL. We selected LACE3, KIF11,

POP1, NVL, PARN, CCDC167 (C6orf129), PPAPDC1A, and

DDX39 for prognostic evaluation because their functions 

remain unknown in breast cancer. The cut-off for high/low

expression is 50%. As shown in Fig. 1B, patients with breast

cancer who had high expressions of POP1, PPAPDC1A, and

KIF11 had shorter overall survival times than those with

lower expressions. By contrast, patients with high expres-

sions of LACE3, NVL, PARN, CCDC167 (C6orf129), and

DDX39 showed better overall survival compared with those

who had lower expressions. Among these genes, KIF11,

POP1, and PPAPDC1Awere most significantly different and

were included in the further analyses (Fig. 1B).

2. KIF11 overexpression was associated with poor survival
times in patients with breast cancer

By analyzing the expression levels of KIF11, POP1, and

PPAPDC1A in 19 tumors and adjacent normal controls using

the Fire browse database, they were each upregulated in 

almost all tumor tissues, including breast cancer (Fig. 2). To

verify the expression levels of these three genes in breast can-

cer, differences in their expression levels were analyzed in

The Cancer Genome Atlas database using the information of

tumor tissue and paired/unpaired cancer adjacent controls.

The results showed that compared with either the paired

paracancer (Fig. 3A) or the unpaired paracancer control (Fig.

3B), the expression levels of KIF11, POP1, and PPAPDC1A

were significantly upregulated in tumor tissues (Fig. 3).

Analysis of the relationship between KIF11, POP1, and PPA-

PDC1A expression and The survival time of patients with

breast cancer in The Cancer Genome Atlas database revealed

Cancer Res Treat. 2019;51(3):1207-1221

Fig. 3.  Expression analyses of KIF11, POP1, and PPAPDC1A in breast cancer based on The Cancer Genome Atlas. (A) The

relative expression of KIF11, POP1, and PPAPDC1A in breast cancer versus non-paired tumor adjacent normal tissues. 

****p < 0.0001. (B) The relative expressions of KIF11, POP1, and PPAPDC1A in breast cancer versus paired tumor adjacent

normal tissues.
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Fig. 4.  Overall survival (OS) (A) and recurrence-free survival (RFS) (B) in patients with breast cancer by low and high KIF11,
POP1, and PPAPDC1A expressions based on The Cancer Genome Atlas. HR, hazard ratio; CI, confidence interval.
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Fig. 5.  Analysis of KIF11 in breast cancer tissue and cells. (A) KIF11 expression in patients with breast cancer of grades 

I-1/II-A and II-B/III. (B) The relative background expressions of KIF11 in six breast cancer cell lines. (C) Both the BT549 and

the MDA231 cell line were transduced with lentivirus (Lv003), siKIF11-1, or siKIF11-2 as negative controls, and the relative

mRNA levels of KIF11 were detected by quantitative real-time polymerase chain reaction. (D) Protein levels of KIF11 in

BT549 and MDA231 cells were detected by Western blotting. (E) Cell viability was evaluated by MTS in both BT549 and

MDA231 cells. NC, cells transduced with empty Lv003 lentivirus; MOCK, cells without any treatment; siKIF11-2, cells trans-

duced with siKIF11-2 lentivirus. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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that the overall survival of those with high KIF11 expression
was significantly lower than that of patients with low expres-
sion (Fig. 4A). In addition, analysis of recurrence-free sur-
vival showed that patients with high KIF11 and POP1
expressions had high recurrence rates (Fig. 4B). Together,
these findings indicated that overexpressed KIF11 occurred
frequently in breast cancer and was associated with a poor
prognosis.

High KIF11 expression being associated with a poor prog-
nosis in patients led us to study the potential function of

KIF11 in breast cancer progression. First, we identified KIF11
expression in both tumorous and normal cell lines. Analysis
of KIF11 expression in 25 tumor tissues of patients with dif-
ferent stages of breast cancer revealed that the expression
level of KIF11 in patients with stage II-B/III disease (n=11)
was significantly higher than that in patients with stage 
I-A/II-A disease (n=14) (Fig. 5A). Then the pathological stage
plot showed that the KIF11 expression levels differ between
different stages of cancer (p < 0.05) (S1 Fig.). In addition,
analysis of the background expression of KIF in five breast

Juan Zhou, KIF11 in Breast Cancer

Fig. 6.  Downregulation of KIF11 influenced cell apoptosis, cell proliferation, cell migration, and invasion. (A) Cell apoptosis
was determined by cytometry in KIF11-suppressed BT549 and MDA231 cells. (B) Cell proliferation of the KIF11-suppressed
BT549 and MDA231 cells was assessed by clone forming assays. (Continued to the next page)
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cancer cell lines (i.e., BT474, BT549, MCF-1, MDA231, and
SK-BR-3) revealed that KIF11 was highly expressed in two
breast cancer cells with high metastatic potential (i.e., BT549
and MDA231) (Fig. 5B).

3. Knockdown of KIF11 inhibits breast cancer cell growth
and metastasis in vitro

To study the role of KIF11 in breast cancer cell biology,
KIF11 knockdown was performed by a lentivirus-based sys-
tem in both BT549 and MDA231 cells. Two small hairpin
RNA were designed for KIF11 downregulation in both cell
lines to generate KIF11 knockdown stable cell lines of MDA-
231 (i.e., MDA231 siKIF-1 and MDA231 siKIF-2) and BT549
(i.e., BT549 siKIF-1 and BT549 siKIF-2). The results of qRT-
PCR showed that KIF11 was significantly downregulated in
both MDA231 siKIF-1 and MDA231 siKIF-2 compared with
the NC MDA231 LV003 cells. KIF11 downregulation was
also observed in the BT549 siKIF-1 and the BT549 siKIF-1
cells compared with the BT549 LV003 cells (Fig. 5C). Western
blot confirmed the downregulation of KIF11 in both the
BT549 and MDA231 cells (Fig. 5D). We selected MDA231
siKIF-2 and BT549 siKIF-2 cells for the subsequent functional
analysis.

To investigate the effects of KIF11 downregulation on cell
growth, we assessed viability, apoptosis, and colony forma-
tion by MTS, cytometry, and colony formation assays. MTS
assay showed that KIF11 knockdown significantly impaired
cell viability in both the BT549 and MDA231 siKIF-2 cells
compared with those cells receiving no treatment (Mock) and
corresponding NCs after 3 days of culture (Fig. 5E). The 
results of MTS also showed that KIF11 knockdown signifi-
cantly impaired cell viability in both the BT474 and SK-BR-3
siKIF-2 cells compared with those cells receiving no treat-
ment (Mock) and corresponding NCs after 3 days of culture
(S2 Fig.). Cytometry results showed much higher apoptotic
cell proportion rate in the BT549 and MDA231 siKIF-2 cells
than that in the NC cells (Fig. 6A). Furthermore, colony for-
mation assay displayed that regardless of the number of ini-
tial cell cultures of 100, 200, or 400, the number of colony
formations in the BT549 and MDA231 siKIF-2 cells were less
than those in the NC cells (Fig. 6B).

The effects of KIF11 downregulation on breast cell migra-
tion and invasion were evaluated both in vitro and in vivo.
Cells cultured in the upper transwell compartment migrated
through 8-µm holes during the migration assay or through
Matrigel-coated holes during the invasion assay. As shown
in Fig. 6, the KIF11 knockdown cell (siKIF11) showed a sig-

Cancer Res Treat. 2019;51(3):1207-1221

Fig. 6.  (Continued from the previous page) (C) Downregulation of KIF11 inhibited the cell migration and invasion capabilities
of the BT549 and MDA231 cells. NC, normal control. *p < 0.05, **p < 0.01.
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nificant decrease in the number of migrated BT549 cells in

both the migration and invasion assays compared with NC

cells. Similar trends were observed in the MDA231 siKIF11

knockdown cells, with fewer siKIF cells than NC cells in the

lower chamber (Fig. 6C).

4. KIF11 knockdown inhibited breast cancer cell progres-
sion in nude mice

To confirm the functional effect of KIF11 observed in vitro,

BT549 siKIF11 cells were implanted subcutaneously into

nude mice and determined weekly to generate a tumor

growth curve. The curve for tumor volume showed that mice

bearing KIF11-downregulated tumors had significantly

smaller tumor volumes compared with the NC mice at each

observation. Moreover, the tumors did not grow over 5

weeks in the siKF11 mice, but they grew continuously in the

NC mice (Fig. 7A and C). After 5 weeks, tumors in the mice

implanted with BT549 siKIF11 cells were almost unde-

tectable, whereas those in the mice with NC cells were clearly

visible (Fig. 7A). The siKIF11 mice also had significantly

lower tumor weight compared with the NC mice (Fig. 7B).

Western blotting confirmed that KIF11 was significantly

downregulated in the siKF11 mice (Fig. 7D). Hematoxylin

and eosin staining showed that the cells were arranged neatly

with good morphological consistency in mammary gland sec-

tions of the siKIF11 mice compared with the NC mice 

(Fig. 7E). Tumor cells in the NC group proliferated faster to

necrosis and were denser compared with the siKIF11 group.

5. The epithelial-to-mesenchymal transition pathway is 
involved in the regulatory role of KIF11

To study whether the epithelial-to-mesenchymal transition

(EMT) pathway is involved in the observed effect of KIF11

downregulation, markers of EMT (i.e., E-cadherin, N-cad-

herin, and vimentin) were measured by Western blot in both

the siKIF11 or normal BT549 and MDA231 cells. Compared

with the NC BT549 cells, the protein expression of E-cadherin

was significantly enhanced and the expressions of N-cad-

herin and vimentin were downregulated in the siKIF11 cells.

Consistent with the results observed in the BT549 cells,

siKIF11 MDA231 cells showed higher expressions of E-cad-

herin and lower expressions of N-cadherin and vimentin

Juan Zhou, KIF11 in Breast Cancer

Fig. 7.  Downregulation of KIF11 inhibited tumor growth in xenograft BALB/c nu/nu mice. (A) Appearance at 5-week post-

implantation of BALB/c nu/nu mice xenografted with BT549 cells that had either normal (NC) or low KIF11 (siKIF) expres-

sion. (B) The tumor volume curve in each group between days 10 and 35 post-implantation. (C) The tumor weight in each

group determined at 5 weeks after implantation. (D) Western blotting confirmed the downregulation of KIF11 in siKIF11

mice. (E) Representative image of hematoxylin and eosin showing the beneficial effect of KIF11 downregulation in breast

tumors at 5-week post-implantation (magnification, 100!). GAPDH, glyceraldehyde 3-phosphate dehydrogenase. *p < 0.05,

**p < 0.01, ****p < 0.0001.
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compared with the NC mice (Fig. 8A).

6. Modulated signaling in BT549 and MDA231 cells by
KIF11 knockdown

For more insights into the cell functions regulation by
KIF11 during breast cancer progression, multiple key signal-
ing pathways components (ERK, AMPK, AKT, and CREB)
associated with cell proliferation, migration, invasion, cell
cycle and apoptosis were further measured by western blot
in siKIF11 or normal BT549 and MDA231 cells. Here we
showed that the phosphorylated ERK, AMPK, AKT, and
CREB level was significantly inhibited in BT549 and MDA-
231 cells with KIF11 knockdown (Fig. 8B). These alterations
of key signaling components suggested that regulation of
breast cancer cell proliferation, migration, invasion, and cell
cycle progression by KIF11 might be at least partially medi-
ated by modulating the phosphorylation of ERK, AMPK,
AKT, and CREB, suggesting the activation of the correspon-
ding pathways such as mitogen-activated protein kinase
(MAPK)/ERK and phosphoinositide 3-kinase (PI3K)/AKT
pathway.

Discussion

In this study, we identified that high KIF11 expression was
associated with poor overall and recurrence-free survival. Of
note, KIF11 was upregulated in patients with higher grade
disease and with malignant breast cancer cell lines. When we
downregulated this expression, we observed inhibitory 
effects on cell proliferation, colony formation, invasion, and
migration, as well as an enhancement of apoptosis. In vivo
study of KIF11 knockdown cells implanted in mice con-
firmed that KIF11 downregulation ameliorated tumor pro-
gression and contributed to a change in the cell phenotype
from epithelial to mesenchymal.

KIF11, or kinesin family member 11, belongs to the kine-
sin-5 family and is thought to have important functions in
tetrameric microtubule cross-linkage, cell mitosis, and the
cell cycle and differentiation [10,11]. Studies have suggested
that a genetic variant of KIF11 is closely related to familial
exudative vitreoretinopathy [12,13], congenital lymphedema,
and chorioretinopathy [14] as well as to an increased risk of
type 2 diabetes [15]. In cancer, although the role of KIF11 has
not been fully elucidated, studies have shown that it is over-
expressed in many cancers. For instance, Imai et al. [16] sug-
ges-ted that KIF11 was frequently expressed in gastric cancer
exhibiting the intestinal phenotype. In bladder, renal cell,

Cancer Res Treat. 2019;51(3):1207-1221

Fig. 8.  Representative Western blot showing the expressions of markers of epithelial-to-mesenchymal transition (EMT) and
the associations of KIF11 with the classical cancer signaling pathways. (A) Markers of EMT (E-cadherin, N-cadherin, and 
vimentin) were measured by Western blot in both the siKIF11 or normal BT549 and MDA231 cells. (B) Multiple key signaling
pathways components (ERK, AMPK, AKT, and CREB) were measured by western blot in both the siKIF11 or normal BT549
and MDA231 cells. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as the internal standard.
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and astrocytic cancers, KIF11 overexpression has been asso-
ciated with cancer stage and recurrence [17-19]. In laryngeal
squamous cell carcinoma, high KIF11 expression is corre-
lated to lymph node metastasis, TNM stage, and an unfavor-
able prognosis [20]. In oral cancer, significant KIF11 upregu-
lation is correlated with a shorter survival time and may be
an independent prognostic factor [21]. Here we showed that
KIF11 was upregulated in breast cancer when compared
with either paired or unpaired adjacent cancer tissues. More-
over, we confirmed that the expression of KIF11 was greater
in patients with higher clinical stages. The online data sets
revealed that KIF11 overexpression in patients with breast
cancer was associated with poor outcomes. Together, these
findings indicate that a close relationship exists between
KIF11 and breast cancer.

In tandem with the negative effects of KIF11 overexpres-
sion, we validated the beneficial role of KIF11 downregula-
tion on tumor growth and metastasis via a lentivirus-based
system. This supported the idea that KIF11 could represent
a viable therapeutic target. Previously, several studies have
suggested that KIF11 is important to cell proliferation and
motility in various cancers, including breast cancer. The
overexpression of KIF11 has been shown to result in enhan-
ced anchorage-independent cell growth and tumor forma-
tion in a highly aggressive pancreatic tumor model [22]. In
turn, the inhibition of KIF11 was shown to impair the cell
growth and motility of glioblastoma cells and to prolong the
survival time of orthotopic tumors in mice [23]. In pancreatic
cancer, the inhibition of KIF11 by dimethylenastron has also
been reported to affect cell migration and invasion [24].

Concerning breast cancer, several studies have reported
the therapeutic effect of KIF11 inhibition. KIF11 was reported
to be involved in fulvestrant-mediated G0/G1 phase arrest
of the cell cycle in estrogen-positive MCF-7 cells. The block-
ade of KIF11 by this estrogen receptor inhibitor resulted in
decreased cell growth [25]. Administration of 3,4-dihydropy-
rimidin-2(1H)-one (or thione) derivatives, which are KIF11
inhibitors that modify the motor ability of KIF11, were shown
to affect the phenotype of cancer stem cells critical to breast
cancer initiation and development. This impaired prolifera-
tion and induced apoptosis in MCF-7 and MDA231 cells, and
it induced angiogenesis in vitro and in vivo [26]. Another
KIF11 inhibitor, K85, was shown to have anticancer activity
in breast cancer, though it also contributed to chemoresis-
tance [27]. Adding to this existing research, we showed that
there was a clinical association between the expression of
KIF11 and breast cancer. Moreover, we validated that KIF11
promoted tumor growth and metastasis in BT549 and MDA-
231 cells in a lentivirus-based system. We are aware of no
prior data on the role of KIF11 in BT549 cells.

Of note, our research indicated that the EMT process was
involved in the observed effect of KIF11 on breast cancer pro-

gression both in vivo and in vitro. The EMT process involves
cells gradually losing their epithelial phenotype and acquir-
ing a mesenchymal phenotype. Thus, EMT can lead to dis-
ordered cell-to-cell adhesion and junctions, allowing cells to
obtain motility and potentially cross the extracellular matrix
to achieve distant metastasis [28]. In this study, we observed
downregulated expression of mesenchymal markers (N-cad-
herin and vimentin) and elevated expression of an epithelial
marker (E-cadherin), indicating a reversed EMT process. 
Recently, the relationship between EMT and KIF11 has been
revealed in glioblastoma cells, with KIF11 knockdown using
K858 rescuing the mesenchymal phenotype of cells [29]. We
propose that KIF11 knockdown reduces the motility of breast
cancer cells by promoting the epithelial rather than the mes-
enchymal phenotype, thereby inhibiting cancer metastasis
and recurrence. In the study, multiple key signaling path-
ways components associated with cell proliferation, migra-
tion, invasion, cell cycle and apoptosis in BT549 and MDA-
231 cells transfected with KIF11 siRNAs were further meas-
ured by western blotting. The significantly altered ERK,
AMPK, AKT, and CREB phosphorylation further validated
the critical roles played by KIF11 in breast cancer cells. It has
been proved that several signaling pathways have been
shown to be implicated in tumorigenesis, which include the
JAK/STAT pathway, the NOTCH signaling pathway, the
Wnt pathway, the MAPK/ERK pathway, the PI3K/AKT
pathway, the nuclear factor !B pathway, and the transform-
ing growth factor " pathway [30-32]. Inappropriate cell sur-
vival and uncontrolled proliferation are among the characte-
ristics of cancer, and these processes are commonly regulated
by the MAPK/ERK pathway [33,34]. Protein kinase B (AKT)
is another key regulator of tumor cell proliferation, cell cycle
progression, migration and invasion, which is also activated
by its phosphorylation [35-37]. The results in our current
study suggested that KIF11 might affect MAPK/ERK and
PI3K/AKT signaling pathway by interacting with specific 
kinase or phosphatase. Further study should be conducted
to elucidate the associations of KIF11 with these complex sig-
naling networks. 

In conclusion, we have reported on the relationships bet-
ween the expressions of several genes and breast cancer sur-
vival based on the Oncomine online tool. Analysis revealed
that siKIF11 had a role in suppressing tumor growth and
metastasis in both BT549 and MDA231 cells, as well as in
nude mice with BT549 allograft tumors. We posit that this
occurred through regulation of the EMT process and affect-
ing signaling pathways that are known to promote the 
development and progression of cancer. The present findings
support the idea that KIF11 is an oncogene and may be tar-
geted in the treatment of breast cancer.
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Prognostic Value and Staging Classification of Lymph Nodal Necrosis
in Nasopharyngeal Carcinoma after Intensity-Modulated Radiotherapy

Original Article

Purpose
The aim of the present study was to evaluate the prognostic value of magnetic resonance
imaging (MRI)!determined lymph nodal necrosis (LNN) in nasopharyngeal carcinoma (NPC)
and explore the feasibility of an N-classification system based on the 8th edition of the Amer-
ican Joint Committee on Cancer (AJCC) system.  

Materials and Methods
The MRI scans of 616 patients with newly diagnosed stage T1-4N1-3M0 NPC who were
treated with definitive intensity-modulated radiotherapy were reviewed. 

Results
Multivariate analysis showed that LNN was an independent negative prognostic predictor
of distant metastasis free survival (hazard ratio, 1.634; 95% confidence interval, 1.023 to
2.609; p=0.040) and overall survival (hazard ratio, 2.154; 95% confidence interval, 1.282
to 3.620; p=0.004). Patients of classification N1 disease with LNN were reclassified as
classification N2, and classification N2 disease with LNN as classification N3 in the pro-
posed N-classification system. Correlation with death and distant failure was significant,
and the total difference between N1 and N3 was wider with the proposed system.  

Conclusion
MRI-determined LNN is an independent negative prognostic factor for NPC. The proposed
N classification system is powerfully predictive.

Key words
Nasopharyngeal carcinoma, Lymph nodes, 
Intensity-modulated radiotherapy, Prognosis, Neoplasm staging
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Introduction

Distant metastasis remains the most commonly failure pat-
tern for patients with nasopharyngeal carcinoma (NPC) after
intensity-modulated radiotherapy (IMRT) and N classifica-
tion has been reported to be the most crucial predictor for
distant metastasis [1-4]. Magnetic resonance imaging (MRI)
is recommended as the preferred modalities for the clinical
staging of NPC [5]. However, radiomics features associated

with MRI are not included in the N classification by the 8th
edition of the American Joint Committee on Cancer (AJCC)
system for NPC [6,7]. 

Lymph nodal necrosis (LNN) is one of the most important
imaging features used to distinguish between benign and
malignant lymph nodes. At MRI, LNN is seen as a focal area
of high signal intensity on T2-weighted images and as an
area of low signal intensity on contrast material–enhanced
T1-weighted images, with or without a surrounding rim of
enhancement [8]. The incidence of LNN in NPC ranges from
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22.9% to 44% [8-11]. A recent study conducted by Zhang et

al. [11] demonstrated that LNN diagnosed on MRI was a

negative prognostic factor for NPC after IMRI. Thus, in this

study, we evaluated the prognostic value of MRI-determined

LNN in NPC patients treated by IMRT and further explored

the feasibility of an N-classification system based on the 8th

edition of the AJCC system.

Materials and Methods

1. Patients and work-up

The medical records of consecutive 616 patients with pre-

viously untreated, biopsy-proven NPC with regional lymph

nodes metastasis and no distant metastasis who were treated

by IMRT between January 2007 and February 2012 in our

center were retrospectively evaluated. The male (n=418)-

to-female (n=198) ratio was 2.1:1, and the median age was 48

years (range, 14 to 81 years). Pathologically, non-keratinizing

and keratinizing disease accounted for 99.4% (612 of 616) and

0.6% (4 of 616) of patients, respectively. All patients were

restaged according to the 8th edition of the AJCC staging sys-

tem. Classification T1, T2, T3, and T4 disease accounted for

15.1% (93 of 616), 15.1% (93 of 616), 38.6% (238 of 616), and

31.2% (192 of 616) of patients, respectively, and classification

N1, N2, and N3 disease accounted for 49.4% (304 of 616),

34.4% (212 of 616), and 16.2% (100 of 616) of patients, respec-

tively. The pretreatment workup included a complete history

and physical examination, hematology, and biochemistry

profiles, fiber-optic nasopharyngoscopy, MRI of the head

and neck, bone scintigraphy, computed tomography scan of

the chest and abdominal region, and dental check. 

2. MR imaging

All patients underwent MRI on a 1.5- or 3.0-T system sys-

tem (Magnetom Symphony/Verio, Siemens Healthcare, 

Erlangen, Germany) with a head and neck combined coil

[12]. The scan range covered from the suprasellar cistern to

the inferior margin of the sternoclavicular joint. Non-

enhanced series included: axial T1-weighted imaging

(T1WI), axial T2-weighted imaging, sagittal T1WI. Contrast-

enhanced scan was performed after injection of gadopente-

tate dimeglumine with a dose of 0.2 mL/kg and rate of 2.0

mL/sec. Two radiologists with more than 10 years of expe-

rience in MRI of head and neck cancers independently eval-

uated all scans, and any disagreements were resolved by

consensus. Also, there is a multidisciplinary team of head

and neck cancers in our center to confirm the extent of dis-

eases and the treatment of patients with NPC.

According to the previous study, diagnostic criteria for

metastatic lymphadenopathy include (1) lateral retropharyn-

geal lymph node with a minimal axial diameter (MID) in the

largest plane of an individual node at least 5 mm and any

node seen in the median retropharyngeal group, lymph

nodes with a MID of at least 11 mm in the jugulodigastric 

region and 10 mm for all other cervical nodes, excluding the

retropharyngeal group; (2) lymph nodes of any size with cen-

tral necrosis or a contrast-enhancing rim; (3) the presence of

three or more contiguous and confluent lymph nodes, each

of which should have a MID of 8 mm or more; and (4) lymph

nodes of any size with extracapsular spread, including the

presence of indistinct nodal margins, irregular nodal capsu-

lar enhancement or infiltration into the adjacent fat or muscle

[13]. The criteria for diagnosing LNN at MRI are a focal area

of high signal intensity on T2-weighted images or a focal area

of low signal intensity on contrast-enhanced T1-weighted

images, with or without a surrounding rim of enhancement

[8].  

3. Treatment

All patients received definitive radiotherapy using IMRT

techniques. A detailed description of IMRT has been previ-

ously reported [14]. Briefly, the dose prescribed was 69-70.4

Gy, 63-67.2 Gy, 60-60.8 Gy, and 54-54.4 Gy in 30-32 fractions

delivered over 6 weeks at the periphery of the planning tar-

get volume (PTV) of primary tumor, PTV of metastatic

lymph nodes, PTV of high-risk clinical target volume, and

PTV of low-risk clinical target volume, respectively, using

the simultaneous integrated boost technique. According to

the institutional guidelines, concurrent chemotherapy was

given for patients with stage II disease, and both neoadjuvant

or adjuvant chemotherapy and concurrent chemotherapy

were given for patients with locally advanced diseases.

Neoadjuvant or adjuvant chemotherapy consisted of cis-

platin with 5-fluorouracil or cisplatin with docetaxel and 

5-fluorouracil every 3 weeks for three cycles. Concurrent

chemotherapy consisted of cisplatin 80 mg/m2 given on days

1 and 22 of radiotherapy. Deviations from the chemotherapy

guidelines were allowed for patients aged over 70-year-old

and/or patients with organ dysfunction suggesting intoler-

ance to chemotherapy. Most patients (n=601, 97.5%) under-

went platinum-based neoadjuvant, concurrent, or adjuvant

chemotherapy. 

4. Follow-up and statistical analysis

Follow-up was calculated from the day of radiation ther-

apy completion to the date of the event or the last follow-up

visit. All patients were followed up after the completion of
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radiotherapy: 1 month after the completion of radiotherapy,
every 3 months in the first 2 years, every 6 months from year
3 to year 5, and annually thereafter.

The SPSS ver. 17.0 (SPSS Inc., Chicago, IL), software was
used for statistical analysis. The locoregional failure free sur-
vival (LRFFS), distant metastasis free survival (DMFS), and
overall survival (OS) were estimated by use of the Kaplan-
Meier method. LRFFS, DMFS, and OS were measured from
day 1 of treatment to the date of the event. Subgroup analysis
of the LNN and non-LNN groups was conducted according
to the T classification, N classification, and overall stage.
Multivariate analyses with the Cox proportional hazards
model were used to test independent significance by using
backward elimination of insignificant explanatory variables.
Host factors (age and sex) were included as the covariates in
all tests. Also, the effect of N classification on risk for death
and distant metastasis were performed by using the Cox pro-
portional hazards model. All statistical tests were two sided,
and p < 0.05 was considered to be statistically significant.

5. Ethical statement

This study was approved by the Institutional Review
Board of Zhejiang Cancer Hospital with a waiver of informed
consent and performed in accordance with the principles of
the Declaration of Helsinki.

Results

1. Incidence and size of LNN

In patients with positive lymph node metastases, the inci-
dence of LNN was 38.1% (235 of 616) (Fig. 1). Of 235 patients
with LNN, 21.3% (50/235) had retropharyngeal lymph node
involvement alone, 44.7% (105/235) had cervical lymph node
involvement alone, whereas 34.0% (80 of 235) had both

Fig. 1.  Necrotic lymph nodes in two patients with nasopharyngeal carcinoma. Axial T2-weighted (A) and contrast-enhanced
T1-weighted (B) magnetic resonance (MR) images in a 43-year-old woman show the left retropharyngeal lymph node with
necrosis (arrows). Axial T2-weighted (C) and contrast-enhanced T1-weighted (D) MR images in a 40-year-old man show
necrotic lymph nodes in the bilateral level II area (arrows).
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retropharyngeal and cervical lymph node involvement. Of

130 patients with retropharyngeal LNN, 83.1% (108/130) had

unilateral retropharyngeal lymph node involvement, whereas

16.9% (22 of 130) had bilateral involvement. Of 185 patients

with cervical LNN, 80.0% (148/185) had unilateral cervical

lymph node involvement, whereas 20.0% (37 of 185) had 

bilateral involvement. The median maximal axial diameter

of cervical positive lymph node was 24 mm (range, 0 to 89

mm) for all patients, 28 mm (range, 0 to 89 mm) for patients

with LNN, and 20 mm (range, 0 to 71 mm) for patients with-

out LNN (0 mm indicated patients with retropharyngeal

lymph node involvement alone). The difference between the

LNN and non-LNN groups in terms of the median maximal

axial diameter of cervical positive lymph node was statisti-

cally significant (p < 0.001). The T and N classification distri-

bution according to lymph node status is shown in Table 1.

2. Treatment outcomes and subgroup analysis

The median follow-up time was 62.6 months (range, 3.4 to

119.4 months); 43 of 616 patients (7.0%) were lost to follow-

up. By the last follow-up, 22.1% (136/616) of patients devel-

oped treatment failure and more patients developed treat-

ment failure in the LNN group (30.2% vs. 17.1%, p=0.001).

The details of treatment failure are listed in Table 2. For all

patients, the estimated 5-year LRFFS, DMFS, and OS rates

were 87.5%, 86.7%, and 89.2%, respectively, and for the LNN

and non-LNN groups, they were 78.8% vs. 91.8%, 78.2% vs.

91.2%, and 78.4% vs. 91.6% (p < 0.05), respectively (Fig. 2).   

Subgroup analysis of lymph node status according to T

classification, N classification, and overall stage are pre-

sented in Table 3. The estimated 5-year LRFFS and OS rates

for patients with classification N2 disease and LNN were

Non-LNN group (n=381) LNN group (n=235)
N1 N2 N3 Total N1 N2 N3 Total

T1 35 (57.4) 19 (31.1) 7 (11.5) 61 (16.0) 7 (21.9) 10 (31.3) 15 (46.9) 32 (13.6)

T2 28 (49.1) 19 (33.3) 10 (17.5) 57 (15.0) 16 (44.4) 9 (25.0) 11 (30.6) 36 (15.3)

T3 76 (51.4) 55 (37.2) 17 (11.5) 148 (38.8) 36 (40.0) 38 (42.2) 16 (17.8) 90 (38.3)

T4 71 (61.7) 31 (27.0) 13 (11.3) 115 (30.2) 35 (45.5) 31 (40.3) 11 (14.3) 77 (32.8)

Values are presented as number (%). LNN, lymph nodal necrosis.

Table 1. Distribution of T and N classifications with lymph node status

Table 2.  Patterns of treatment failure for all patients

Treatment failure pattern Non-LNN group (n=381) LNN group (n=235) p-valuea)

Distant only 25 (6.6) 35 (14.9) 0.001

Bone 7 (1.8) 9 (3.8)

Liver 4 (1.0) 12 (5.1)

Lung 11 (2.9) 8 (3.4)

Bone and liver 2 (0.5) 0 (

Bone and lung 0 ( 3 (1.3)

Lung and liver 0 ( 2 (0.9)

Other 1 (0.3)b) 1 (0.4)c)

Regional and distant 5 (1.3) 5 (2.1)

Local and distant 4 (1.0) 1 (0.4)

Local, regional, and distant 1 (0.3) 2 (0.9)

Local only 15 (3.9) 10 (4.3)

Regional only 9 (2.4) 16 (6.8)d)

Local and regional 6 (1.6) 2 (0.9)

Total 65 (17.1) 71 (30.2)

Values are presented as number (%). LNN, lymph nodal necrosis. a)p-values were calculated by using the chi-square test,

b)Left inguinal lymph nodes, c)Include 1 failure in the left parotid region, d)Lung, liver, mediastinal and retroperitoneal lymph

nodes, and left adrenal gland. 
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substantially poorer than patients with classification N2 dis-
ease without LNN (p < 0.05). The estimated 5-year LRFFS,
DMFS, and OS rates for patients with classification N2 dis-
ease and LNN were similar to patients with classification N3
disease (5-year LRFFS: 78.1% vs. 84.8%, p=0.112; DMFS:
81.0% vs. 77.5%, p=0.390; OS: 78.1% vs. 84.4%, p=0.367). 
Although the presence of LNN did not affect the survival
outcomes for patients with classification N1 disease (p 

> 0.05), those with classification N1 disease and LNN had
similar survival outcomes as those with stage N2 disease
without LNN, with estimated 5-year LRFFS, DMFS, and OS
rates of 88.0% vs. 88.1% (p=0.899), 88.9% vs. 87.8% (p=0.942),
and 87.9% vs. 94.4% (p=0.070), respectively.

3. Univariate and multivariate analyses

The value of various potential prognostic factors including
age, sex, lymph node status, maximal axial diameter, T clas-
sification, N classification, and overall stage on predicting
LRFFS, DMFS, and OS were evaluated. Univariate analysis
by log-rank test showed that lymph node status (LNN vs.
non-LNN) was associated with LRFFS, DMFS, and OS (Table
4). Multivariate analysis by Cox proportional-hazards model
showed that the lymph node status (LNN vs. non-LNN), T
classification, and N classification were independent prog-
nostic predictors of DMFS. Age, lymph node status (LNN vs.
non-LNN), and overall stage were independent prognostic
predictors of OS (Table 5).

4. Proposed N classification system

Our data therefore suggested that N classification system
could be optimized by adopting the following criteria: reclas-
sified patients of classification N1 disease with LNN as clas-
sification N2, and classification N2 disease with LNN as
classification N3. Correlation with death and distant failure
was significant, and the total difference between N1 and N3
was wider with the proposed system. (Table 6). Furthermore,
we used the area under the receiver operator characteristic
curve (AUC) to quantify the prognostic performance of the
proposed N classification system and the 8th edition of the
N classification system. The AUC of the 8th edition of the N
classification system was 0.551 (95% confidence interval [CI],
0.473 to 0.629) for death and 0.621 (95% CI, 0.554 to 0.689) for
distant failure. The AUC of the proposed N classification sys-
tem was higher than the 8th edition of the N classification
system (0.606 [95% CI, 0.530 to 0.683] for death and 0.633
[95% CI, 0.567 to 0.698] for distant failure).

By the proposed system, 34.1% (210 of 616) of the patients
were classified as N1, with 35.4% (218 of 616) as N2, and
30.5% (188 of 616) as N3. By the 8th AJCC system, 34.4% (212
of 616) would be classified as N2, and 16.2% (100 of 616) as
N3, with the largest portion of patients (49.4%) as N1. We
could conclude that the proposed system is obviously less
skewed than that of the 8th AJCC system.

Fig. 2.  Kaplan-Meier curves show locoregional failure-free
survival (LRFFS) (A), distant metastasis-free survival
(DMFS) (B), and overall survival (OS) (C) rates for the
lymph nodal necrosis (LNN) and non-LNN groups. HR,
hazard ratio; CI, confidence interval.

A

LNN
Non-LNN

HR 1.599
95% CI, 1.022-2.552
p=0.049

LR
FF

S 
(%

)

100

0

20

40

60

0
Time (mo)

4824 3612 60

80

B

LNN
Non-LNN

HR 2.232
95% CI, 1.408-3.540
p < 0.001

DM
FS

 (%
)

100

0

20

40

60

0
Time (mo)

4824 3612 60

80

C

LNN
Non-LNN

HR 2.565
95% CI, 1.516-4.340
p < 0.001OS

 (%
)

100

0

20

40

60

0
Time (mo)

4824 3612 60

80

Cancer Res Treat. 2019;51(3):1222-1230

1226 CANCER  RESEARCH  AND  TREATMENT



5-Year LRFFS 5-Year DMFS 5-Year OS

Non-LNN LNN
p-value

Non-LNN LNN 
p-value

Non-LNN LNN 
p-value

group group group group group group

T classification  

T1 95.8 73.5 0.008 96.6 90.6 0.021 98.2 93.5 0.273

T2 94.4 80.2 0.050 92.0 73.5 0.012 97.4 75.7 0.002

T3 85.8 90.1 0.553 89.9 84.3 0.156 91.9 87.6 0.456

T4 89.2 82.1 0.200 84.6 79.0 0.196 89.4 75.5 0.047

N classification

N1 92.1 88.0 0.532 91.7 88.9 0.286 93.2 87.9 0.167

N2 88.1 78.1 0.023 87.8 81.0 0.127 94.4 78.1 0.001

N3 83.2 85.6 0.660 86.0 70.3 0.026 89.0 80.7 0.347

Overall stage (8th AJCC)

100 85.4 0.089 94.7 91.1 0.475 98.2 88.8 0.109

87.3 84.6 0.353 91.2 87.0 0.159 94.1 87.7 0.060

88.1 82.9 0.351 86.1 76.1 0.012 89.5 77.1 0.032

Unless otherwise indicated, numbers are percentages. p-values were calculated by using the log-rank test. LNN, lymph

nodal necrosis; LRFFS, locoregional failure free survival; DMFS, distant metastasis-free survival; OS, overall survival; AJCC,

American Joint Committee on Cancer.

Table 3. Subgroup analysis of LNN and non-LNN groups between different clinical stage

Table 4.  Univariate analysis of variables correlated with various clinical endpoints

Characteristic No. of patients 5-Year LRFFS p-valuea) 5-Year DMFS p-valuea) 5-Year OS p-valuea)

Sex

Male 418 86.3 0.201 85.3 0.110 88.3 0.304

Female 198 90.1 89.8 91.0

Age (yr)

! 48 319 87.6 0.815 86.0 0.711 85.8 0.017

< 48 297 87.5 87.4 92.5

Lymph node status

LNN 235 83.8 0.049 81.8 0.001 82.9 < 0.001

Non-LNN 381 89.7 89.8 93.0

Maximal axial diameter (mm)

! 24 310 85.5 0.061 81.6 < 0.001 85.8 0.027

< 24 306 89.6 91.8 92.6

T classification

T1 93 88.5 0.777 94.5 0.071 96.5 0.017 

T2 93 89.2 84.8 88.9

T3 238 87.4 87.8 90.3

T4 192 86.5 82.4 83.9

N classification

N1 304 90.8 0.124 90.9 < 0.001 91.5 0.248

N2 212 84.1 85.1 87.9

N3 100 84.8 77.5 84.4

Overall stage (8th AJCC)

86 96.1 0.111 93.6 0.001 95.8 0.002

262 86.3 89.7 91.8

268 86.0 81.6 84.9

LRFFS, locoregional failure free survival; DMFS, distant metastasis-free survival; OS, overall survival; LNN, lymph nodal

necrosis; AJCC, American Joint Committee on Cancer. a)p-values were calculated by using the log-rank test.
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Table 5.  Multivariate analysis of variables correlated with various clinical endpoints
Endpoint HR 95% CI p-value
LRFFS

Lymph node status
LNN vs. non-LNN 1.550 0.986-2.438 0.058

DMFS
N classification 0.041

N1 1
N2 1.498 0.860-2.610 0.154
N3 2.288 1.204-4.346 0.011

T classification 0.042
T1 1
T2 2.231 0.887-5.608 0.088
T3 1.708 0.736-3.965 0.212
T4 2.915 1.273-6.674 0.011

Lymph node status
LNN vs. non-LNN 1.634 1.023-2.609 0.040

OS
Age (yr)
! 48 vs. < 48 1.815 1.062-3.101 0.029

Lymph node status
LNN vs. non-LNN 2.154 1.282-3.620 0.004

Overall stage (8th AJCC) 0.026
1
2.384 0.614-9.263 0.210
5.055 1.332-19.175 0.017

p-values were calculated by using the Cox proportional hazards model. HR, hazard ratio; CI, confidence interval; LRFFS,
locoregional failure free survival; LNN, lymph nodal necrosis; DMFS, distant metastasis-free survival; OS, overall survival;
AJCC, American Joint Committee on Cancer.

Death Distant failure
HR 95% CI p-value HR 95% CI p-value

Proposed system: N classification 0.004 < 0.001
N1 1 1
N2 1.149 0.566-2.331 0.700 1.562 0.819-2.978 0.175
N3 2.549 1.346-4.824 0.004 3.240 1.786-5.878 < 0.001

8th AJCC system: N classification 0.254 < 0.001
N1 1 1
N2 1.299 0.732-2.303 0.371 1.771 1.041-3.011 0.035
N3 1.749 0.895-3.419 0.102 3.163 1.795-5.573 < 0.001

Hazard ratios and p-values were calculated by using the Cox proportional hazards model. HR, hazard ratio; CI, confidence
interval; AJCC, American Joint Committee on Cancer.

Table 6. Effect of N classification for death and distant failure
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Discussion

In this study, we observed a high incidence of LNN in
NPC with lymph nodes metastasis and LNN is an independ-
ent prognostic factor of DMFS and OS in NPC after IMRT.
The proposed N classification system of NPC including LNN
based on MRI was more predictive than that of the 8th AJCC
system.

The reported incidence of LNN in NPC ranges from 22.9%
to 44% [8-11]. In the era of MRI, Mao et al. [9] reported that
the incidence of LNN was only 26.5% of 786 NPC patients
with positive cervical lymph nodes. However, when the
retropharyngeal lymph node status was included, the repor-
ted incidence of LNN ranges from 33% to 44% [8,11], which
was similar to our results (38.1%).

The important implication of LNN is the presence of 
hypoxic tumor cells at the interface between necrotic areas
and well-aerated cells. Increase in radioresistance of hypoxic
tumor cells has been well documented. Also, tumor hypoxia
may induce gene amplification associated with drug resist-
ance [10]. IMRT has been accepted as the standard treatment
technique of NPC [15]. In 2014, Tang et al. [16] reported that
retropharyngeal LNN had a negative effect on disease failure
in NPC after IMRT. In another study of 1,423 NPC patients
treated by IMRT, multivariate analyses revealed that LNN
was an independent negative prognostic factor for OS,
DMFS, regional relapse-free survival, local relapse-free sur-
vival, and disease-free survival [11]. In the present study,
multivariate analyses revealed LNN as a significant negative
prognostic factor for OS and DMFS. A marginal significant
difference was observed in terms of lymph node necrosis for
LRFFS (p=0.058).

Four criteria were defined for a good staging classification
system: (1) the different survival rates among the groups; (2)
the given group including the subgroups defined by T, N,
and M within a grouping system has similar survival rates;
(3) the balanced distribution of patients among the groups;
and (4) the high prediction of cure [17]. In the previous study,

the total difference between classification N2 and N3 was
wider with the proposed system which reclassified classifi-
cation N1 with LNN as classification N2 and classification
N2 with LNN as classification N3, and the hazard ratio dis-
crimination between classification N2 and N3 was improved.
Although a large cohort of patients (n=1,800) were included,
most patients (n=1,064, 59.1%) were treated with conven-
tional techniques and the AJCC 2010 staging system was
adopted [8]. The proposed N classification system was pro-
ved to be powerfully predictive based on data with full sta-
tistical justification in the present study. More importantly,
it meets the development of radiotherapy techniques and 
introduces the MRI-determined LNN to an N classification
system for NPC based on the 8th AJCC system.

There are several limitations in the current study, includ-
ing the retrospective nature of the study design and the 
inclusion of patients treated at a single center. We predict
that patients with LNN may benefit from combined treat-
ment. However, 97.5% patients underwent platinum-based
chemotherapy, it would be inappropriate to evaluate the role
of chemotherapy for patients with LNN in the present study.
Moreover, multiparametric MRI-based radiomics from pri-
mary tumor provided improved prognostic ability in NPC
[7]. The role of MRI-based radiomics from lymph nodes for
NPC should be elucidated in the future.

In conclusion, MRI-determined LNN is an independent
prognostic factor for NPC treated by IMRT. The proposed N
classification system with MRI-determined LNN based on
the 8th AJCC system is powerfully predictive.
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Purpose

The purpose of this study was to evaluate the relationships between the resistance of

anaplastic lymphoma kinase (ALK)!positive non-small cell lung cancer (NSCLC) to ALK 

inhibitors and the programmed cell death-1/programmed cell death–ligand 1 (PD-L1) path-

way, we evaluated alterations in PD-L1 following acquisition of resistance to ALK inhibitors

in ALK-positive lung cancer. 

Materials and Methods

We established ALK inhibitor-resistant cell lines (H3122CR1, LR1, and CH1) by exposing the

parental H3122 ALK-translocated NSCLC cell line to ALK inhibitors. Then, the double-resistant

cell lines H3122CR1LR1 and CR1CH1 were developed by exposing the H3122CR1 to other

ALK inhibitors. We compared the alterations in PD-L1 expression levels using western blotting,

flow cytometry, and quantitative polymerase chain reaction. We also investigated gene 

expression using RNA sequencing. The expression of PD-L1 in the tumors from 26 ALK-pos-

itive metastatic NSCLC patients (11 ALK inhibitor-naïve and 15 ALK inhibitor-resistant 

patients) was assessed by immunohistochemistry and analyzed.

Results

PD-L1 was expressed at higher levels in ALK inhibitor-resistant cell lines than in the ALK 

inhibitor-naïve parental cell line at the total protein, surface protein, and mRNA levels. Fur-

thermore, PD-L1 expression in the double-resistant cell lines was much higher than that in

the single resistant cell lines. RNA sequencing demonstrated that expression of immune-

related genes were largely involved in ALK inhibitor resistance. The mean value of the 

PD-L1 H-score was 6.5 pre-treatment and 35.0 post-treatment, and the fold difference was

5.42 (p=0.163).  

Conclusion

PD-L1 expression increased following acquisition of ALK inhibitor resistance in ALK-positive

NSCLC cell lines and tumors. 
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Introduction

Oncogenic fusion genes that activate the tyrosine kinase

anaplastic lymphoma kinase (ALK) have been identified as

oncogenic drivers of non-small cell lung cancer (NSCLC) in

4% to 15% of NSCLC patients [1,2]. Treatment with an ALK

tyrosine kinase inhibitor is a standard therapy for patients

with ALK-rearranged NSCLC; however, most patients relap-

se within 1 to 2 years due to the development of drug resist-

ance [3]. In contrast to epidermal growth factor receptor

(EGFR)–mutant NSCLC in which T790M represents the only

EGFR-resistance mutation, only one-third of crizotinib-resis-

tant cases have a genetic alteration of ALK itself. The remain-

ing cases of crizotinib-resistance are thought to arise through

several different mechanisms [3].
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Tumorigenesis is not only dependent on the properties of
cancer cells but also on the interactions with the immune sys-
tem [4,5]. The interaction of programmed cell death–ligand
1 (PD-L1, also known as B7-H1 or CD274) expressed on anti-
gen-presenting cells and parenchymal cells and its receptor
programmed cell death-1 (PD-1, also known as CD279) on T
cells is a physiologic mechanism that underlies escape from
immune activity [6]. PD-L1 is also expressed in tumor cells,
resulting in inhibition of the immune response to tumor cells
and consequent facilitation of tumor progression. Approxi-
mately 24.8% to 69.2% of NSCLC were found to express PD-
L1 [5-7]. Thus, PD-L1 inhibition was introduced as a cancer
treatment for NSCLC and resulted in survival improvement
in these patients [8,9].

PD-L1 is more likely to be expressed in ALK-positive
NSCLC than in EGFR/KRAS/ALK wild-type NSCLC (60%
vs. 24%) [7]. The association between the PD-1/PD-L1 path-
way and the resistance of ALK-positive NSCLC to ALK 
inhibitors, however, has yet to be defined well. Here, we 
investigated alterations in PD-L1 expression after acquisition
of resistance to ALK inhibitor in ALK-positive NSCLC to 
investigate the association of the resistance to ALK inhibitor
with PD-1/PD-L1 pathway in ALK-positive NSCLC.

Materials and Methods

1. Cell lines and reagents

NCI-H3122 cells were provided by Pasi A. Jänne (Dana-
Farber Cancer Institute, Boston, MA). H3122 cells were main-
tained in RPMI 1640 medium with gentamicin (Gibco, Grand
Island, NY) and supplemented with 10% fetal bovine serum
(Gibco). The cell line was incubated at 37°C in a humidified
atmosphere of 5% carbon dioxide. Crizotinib and alectinib
were purchased from Selleck Chemicals (Houston, TX) and
dissolved in dimethyl sulfoxide (Sigma-Aldrich, St. Louis,
MO) for experiments. Ceritinib was obtained from Active
Biochem (Maplewood, NJ). ALK inhibitor-resistant cell lines
(CR1, LR1, and CH1) were established by exposing parental
H3122 cells to crizotinib, ceritinib (LDK378), and alectinib
(CH-5424802), respectively, at doses of 100 nM to 1 µM. Dou-
ble-resistant cell lines (CR1LR1 and CR1CH1) were gener-
ated by exposing the crizotinib-resistant cell line CR1 to
ceritinib and alectinib, respectively. The subclonal resistant
cell lines exhibited ! 5-fold greater IC50 values for ALK 
inhibitors than parental cells, as determined using the cell 
viability assay, and this phenotype was stable for at least 
6 months without ALK inhibitor treatment. 

2. Western blotting

The cell lines were harvested and lysed for western blot
analysis. Primary antibodies PD-L1 and glyceraldehyde 
3-phosphate dehydrogenase (Cell Signaling Technology,
Danvers, MA) were used for immuno-blotting. The blots
were washed, transferred to freshly prepared enhanced
Lumi-Light Western Blotting Substrate (Roche, Indianapolis,
IN), and subjected to imaging analysis using an LAS-3000
imaging system (Fuji Photo Film Co., Stamford, CT).

3. Flow cytometry

Cells (2"105) were separated into aliquots and placed into
assay tubes. Then, 2 mL of fluorescence-activated cell sorting
(FACS) buffer was added to each tube and rinsed by centrifu-
gation twice. Cells were resuspended in 100 µL FACS buffer
and then stained with mouse anti-human PD-L1 (MIH1, BD
Pharmingen, San Jose, CA) or a mouse IgG1 isotype control
for 30 minutes on ice in staining buffer (2% bovine serum 
albumin and 0.01% sodium azide). Analysis was conducted
using a FACSCalibur instrument (BD Biosciences, San Jose,
CA) with CELLQuest software (BD Biosciences) or Flow Jo
software (Tree Star Inc., Ashland, OR).

4. Quantitative polymerase chain reaction

Total RNA was collected from cultured cells using the Pure
Link RNA mini kit (Invitrogen, Carlsbad, CA). The cDNA
was synthesized with SuperScript # reverse transcriptase
using random hexamer primers (Invitrogen). !-Actin expres-
sion was used as an internal reference to normalize input
cDNA. The ratios of the expression levels of each gene to that
of the reference gene were calculated. The primer sequences
used for quantitative polymerase chain reaction (PCR) are
provided in supplementary data. All experiments were 
repeated two times with similar results.

5. RNA sequencing

RNA sequencing was performed on NCI-H3122-derived
cell lines using the Illumina TruSeq RNA sample prep kit v2
(Illumina, San Diego, CA). Quality and quantity of the library
were measured using Bioanalyzer and Qubit. Sequencing of
the transcriptome library was carried out using the paired-
end mode of the TruSeq Rapid SBS kit (Illumina). Reads from
FASTQ files were mapped against the hg19 human reference
genome using TopHat2. Quantification of gene expression
was performed, and differentially expressed genes were
identified using the Tophat2–cufflink–cuffdiff axis [10]. Dif-
ferentially expressed genes were selected and analyzed 
according to Gene Ontology (GO) classification, with GO

1232 CANCER  RESEARCH  AND  TREATMENT



Su-Jung Kim, PD-L1 and Resistance to ALK Inhibitors

searches using Gene Ontology Consortium (http://www.
geneontology.org/) and ToppGene Suite (http://toppgene.
cchmc.org/) [11]. We determined the representative path-
ways using Kyoto Encyclopedia of Genes and Genomes
(KEGG) mapper [12]. 

6. Patients and samples

We collected tumor tissues from 26 patients with metasta-
tic NSCLC with ALK translocation from the Seoul National
University Hospital. Eleven specimens were biopsied before
ALK inhibitor treatment, and 16 specimens were acquired
after resistance developed to the ALK inhibitor crizotinib.
The pre- and post-treatment specimens were non-paired.
Clinical and histological data were reviewed retrospectively. 

7. Immunohistochemistry

Immunohistochemistry was performed as previously 
described [13]. The ALK inhibitor-naïve and -resistant tumor
samples were stained for PD-L1, PD-1, CD3, CD4, CD8,
CD68, and FOXP3. Commercially available primary antibod-
ies were used according to the manufacturer’s instructions
(anti-PD-L1 [E1L3N] XP, rabbit monoclonal, Cell Signaling
Technology; anti-CD8, rabbit monoclonal, clone SP16, Neo-
markers, Fremont, CA; anti-FOXP3, mouse monoclonal, clone
236A/E7, Abcam, Cambridge, UK; and anti-CD3, rabbit
polyclonal, Dako, Glostrup, Denmark). 

The stained slides were scanned using ScanScope XT (Ape-
rio Technology, Vista, CA). The densities of the positively
stained tumor-infiltrating lymphocytes (TILs) were evalu-
ated in the intratumoral areas using the image analysis sys-
tem (ScanScope XT, Aperio Technology). 

For PD-L1 expression analysis, the intensity of staining
was evaluated according to the following scale: 0, no stain-
ing; 1, weak staining; 2, moderate staining; and 3, strong
staining. The proportion of membranous and/or cytoplasmic
staining in tumor cells expressing PD-L1 was determined.
Two kinds of PD-L1 scoring systems were applied. One scor-
ing system was the H-score, which was defined and calcu-
lated as the product of the intensity score (0, 1, 2, and 3) and
the proportion, resulting in a score of 0-300, as previously 
described [14,15]. The other scoring system was also based
on the intensity and proportion of tumor cells as follows: 0,
negative; 1, weak or moderate in < 10% of tumor cells; 2,
moderate in ! 10% of tumor cells; and 3, strong (more intense
than alveolar macrophages) in ! 10% of tumor cells. Cases
with scores of 2 or 3 were deemed positive for PD-L1 expres-
sion [13]. The immunohistochemical stain results were ana-
lyzed by two pathologists who were blinded to the patients’
identities and clinical data.

8. Statistical analysis

The independent t test and the Mann-Whitney U-test were
used to compare differences in densities of immune cell
markers and PD-L1 H-score before and after acquisition of
crizotinib resistance. The PD-L1 score and positivity before
and after acquisition of crizotinib resistance were analyzed
by Fisher exact test and by linear-by-linear association. Two-
sided p-values < 0.05 were considered to indicate statistical
significance. All statistical analyses were performed using
SPSS statistics software ver. 20 (IBM Corp., Armonk, NY).

9. Ethical statement

This study was approved by the Institutional Review
Board at Seoul National University Hospital (Research for
change of immune system related to treatment with ALK 
inhibitor in ALK-positive non-small cell lung cancer, H-1505-
011-667). As the present study was carried out retrospec-
tively, written informed consent from patients was waived.
Personal identifiers were completely removed and the data
were analyzed anonymously. 

Our study was conducted according to the ethical stan-
dards recommended by the 1964 Declaration of Helsinki and
its later amendments.

Results

1. Changes in PD-L1 protein levels before and after acqui-
sition of ALK inhibitor resistance in ALK-positive lung
cancer cell lines

Growth inhibition rates were used to calculate the IC50 for
each cell line (S1 Table). We investigated the resistance mech-
anisms, including secondary mutations in ALK, EGFR, and
KRAS, and found no mutations in these cell lines. In vitro
clones with resistance to ALK inhibitors were selected by
growing H3122 cells in increasing concentrations of ALK 
inhibitors to a final concentration of 1 µM, and cells were
maintained under these conditions for ! 6 months. PD-L1 
expression in H3122 and sublines was analyzed by immu-
noblotting. Increased PD-L1 expression was observed in the
cell lines as resistance to ALK inibitors was acquired (Fig. 1A).
Furthermore PD-L1 expression in the double-resistant cell
lines was much higher than that in the single-resistant cell
lines.
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2. Changes in PD-L1 surface protein levels before and after
acquisition of ALK inhibitor resistance in ALK-positive
lung cancer cell lines

The panel of lung cancer cell lines harboring the ALK

translocation was examined for cell surface PD-L1 expression

by flow cytometry before and after the establishment of ALK

inhibitor resistance (Fig. 1B). The expression of surface 

PD-L1 as assessed by the median fluorescence intensity was

increased 1.3- to 2.5-fold in CR1, LR1, and CH1 cell lines

compared with levels in the parental cell line. Following the

establishment of the double resistance to ALK inhibitors, the

CR1LR1 and CR1CH1 cell lines expressed markedly higher

levels (3.9- to 5.2-fold increase) of PD-L1 than their parental

line counterparts. 

3. Changes in PD-L1 mRNA levels before and after acqui-
sition of ALK inhibitor resistance in ALK-positive lung
cancer cell lines

The changes in PD-L1 mRNA levels after acquisition of 

resistance to ALK inhibitors were assessed by quantitative

PCR. In CR1, LR1, and CH1 cell lines, the levels of PD-L1

mRNA were increased by 2.5-, 2.4-, and 4.9-fold, respectively.

Cancer Res Treat. 2019;51(3):1231-1240

Fig. 1.  Programmed cell death–ligand 1 (PD-L1) protein levels in the parental H3122 and its subclonal cell lines with single-

and double-resistant cell lines by Western blot (band intensities were measured by densitometry using Image J and normal-

ized to those of glyceraldehyde 3-phosphate dehydrogenase (GAPDH) serving as a loading control) (A) and fluorescence-

activated cell sorting analysis. Histograms depict PD-L1 expression (B). PD-L1 mRNA levels. The error bars indicate the

standard deviation (C).
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Following acquisition of double resistance to ALK inhibitors,
lung cancer lines expressed 7.4- to 9.8-fold higher levels of
PD-L1 than their parental line counterparts (Fig. 1C).

4. Transcriptome profile

RNA sequencing was performed on the following six cell
lines: H3122 parental, CR1, LR1, CH1, CR1LR1, and CR1-
CH1. The mean read count was 6.7!107 (standard devia-
tion, ±7.0!106). The gene expression levels were estimated as
fragments per kilobase of transcript per million fragments
mapped (FPKM) values. We excluded genes that were not
matched to reference genes or nameless, and at least one of
the FPKM values for each cell line was 0, to avoid erroneous
detection. In total, 16,984 genes were analyzed. CR1 and CH1
shared similar features of gene expression, and the double-
resistant CR1LR1 and CR1CH1 cells also shared common
features of gene expression (S2 Fig.).

To evaluate differently expressed genes in the resistant

lines compared to the H3122 parental line, we divided the
cell lines into the following three groups according to the 
degree of resistance: parental, R1 (CR1, LR1, and CH1), and
R2 (CR1LR1 and CR1CH1) groups. We estimated the mean
FPKM values for each group. Then, we selected 739 genes
that were expressed differently with an absolute log2 fold
change in FPKM values > 2 between H3122 parental and 
either R1 or R2 (S3 Fig.).

We then selected the top 20 ranked genes in each compar-
ison (parental vs. R1 and parental vs. R2). Log2 fold changes
of mean FPKM values in each group compared to the parental
H3122 cell line are shown in Fig. 2 and S4 Table. Eight genes
were among the top 20 absolute log2 fold changes in both the
R1 and R2 groups, highlighting the importance of these
genes. Among the top 20 differentially expressed genes in
the R1 or R2 groups compared to the H3122 parental cell line,
the majority of the genes were associated with the immune
system.

Of the several immune checkpoints identified, only PD-L1

Su-Jung Kim, PD-L1 and Resistance to ALK Inhibitors

Fig. 2.  The heatmap of log2 fold changes of gene expression in anaplastic lymphoma kinase (ALK) inhibitor-resistant cell
lines compared to parental H3122 cell lines. The image represents the top 20 absolute log2 fold changes in each comparison
(H3122 vs. R1 and H3122 vs. R2; total: 32 genes). Eight genes among the top 20 absolute log2 fold changes in both the R1 and
R2 groups are shown in bold texts. 
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gene expression increased as resistance to ALK inhibitors 
became more profound (S5 Table). No alterations in expres-
sion of genes of other oncogenic pathways and lung adeno-
carcinoma-related genes by The Cancer Genome Atlas were
observed in the ALK inhibitor-resistant cells, indicating a lack
of bypass pathway activation in these cell lines (S6 Table). 

GO enrichment analysis was performed using the Topp-
Gene database. The analysis was performed with genes that
were differentially expressed by > 4 or < –4 log2 fold changes
to explore the relationship between the resistance and the 
biological processes and pathways (S7 and S8 Tables). The
differentially expressed genes with a > 2 or < –2 log2 fold
change were assessed using the KEGG mapper tool. Repre-
sentative pathways related to the differentially expressed
genes include cancer, cytokine-cytokine receptor interac-
tions, and extracellular matrix-receptor interactions (S9-S11
Figs.). 

5. Patients and tumor characteristics

The baseline characteristics of the patients are provided in
Table 1. Twenty-six ALK-positive NSCLC patients (11 ALK

inhibitor-naïve and 15 ALK inhibitor-resistant patients) were
included in the present study. No significant differences in
the baseline clinicopathologic characteristics between the two
groups were noted. All ALK inhibitor-resistant patients 
underwent biopsy when the disease had progressed follow-
ing crizotinib treatment. Crizotinib was most frequently used
as the second-line chemotherapy (range, 1st to 4th).  

6. Comparison of PD-L1 in pre-treatment and post-treat-
ment tumor specimens

Representative immunohistochemistry images for PD-L1
expression that were scored as 0, 1, 2, and 3 are shown in 
Fig. 3. The mean PD-L1 H-score was 6.5 in pre-treatment
samples and 35.0 in post-treatment samples, and the fold dif-
ference between these two measurements was 5.42 (p=0.163)
(Fig. 4A). The results of analysis with another PD-L1 score
(0-3) and PD-L1 positivity are shown in Fig. 4B and C. 
Despite the lack of statistical significance, more samples from
post-treatment patients were positive for PD-L1 than sam-
ples from pre-treatment patients (3 [20.0%] vs. 0 [0.0%] pati-
ents, p=0.175).

Cancer Res Treat. 2019;51(3):1231-1240

Total
Time of biopsy

Pre-treatment Post-treatment p-value
Total 26 ( 11 ( 15 (
Age (yr)

< 60 19 (73.1) 10 (90.9) 9 (60.0) 0.178
! 60 7 (26.9) 1 (9.1) 6 (40.0)

Sex
Male 7 (26.9) 1 (9.1) 6 (40.0) 0.178
Female 19 (73.1) 10 (90.9) 9 (60.0)

Smoking history
Never-smoker 21 (80.8) 10 (90.9) 11 (73.3) 0.356
Smoker 5 (19.2) 1 (9.1) 4 (26.7)

Histology
Adenocarcinoma 24 (92.3) 10 (90.9) 14 (93.3) 1.000
Non-small cell carcinoma, NOS 2 (7.7) 1 (9.1) 1 (6.7)

Outcome following crizotinib treatmenta)

Best responseb)

Partial response 10 (66.7)
Stable disease 2 (13.3)
Progressive disease 0 
Unknownc) 3 (20.0)

Time-to-progression, 95% CI (mo) 12.0 (9.521-14.479)

Values are presented as number (%) unless otherwise indicated. NOS, not otherwise specified; CI, confidence interval.
a)Among post-treatment samples, b)Determined by the Response Evaluation Criteria in Solid Tumors, c)Patients treated with
crizotinib in other hospitals and did not have available information about the response to crizotinib.

Table 1. Baseline characteristics of patients and patient outcomes after crizotinib treatment
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7. Comparison of expression of lymphocyte markers in
TILs between pre- and post-treatment NSCLC tumor spec-
imens

The mean numbers of CD68/mm2 were 181.6±115.4 in pre-
treatment tumor samples and 90.8±48.9 in post-treatment
tumor samples (p=0.030). In addition, expression of CD3,
CD8, and PD-1 tended to be lower in the post-treatment
group compared to the pre-treatment group samples; how-
ever, this difference was not significant (S12 Table).

Discussion

To date, the associations or cross-talk between the onco-
genic driver pathways in cancer cells and the immunoregu-
latory pathways, involving such players as PD-L1, have not
been fully elucidated [16]. Recently Akbay et al. [17] reported 
activation of the PD-L1 pathway by activation of the EGFR
pathway in EGFR-driven lung tumors, raising the possibility
that other oncogenes may drive immune escape. Thereafter,
upregulation of the PD-L1 pathway by ALK pathway acti-
vation was reported in ALK-positive NSCLC cells [6]. Based

on these findings, we conclude that oncogenic driver signal-
ing does not only have antitumor effects through inhibition
of the tyrosine kinase pathway itself but also remodels the
tumor microenvironment to induce immune tolerance.

In melanoma, several studies demonstrated an increase in
PD-L1 expression in BRAF inhibitor-resistant cell lines
[16,18,19]. Furthermore, Kakavand et al. [20] found that 
patient tumors that were positive for PD-L1 at baseline exhi-
bited a significant decrease in PD-L1 expression during pro-
gression, whereas patient tumors that were negative for
PD-L1 expression at baseline exhibited a significant increase
in PD-L1 expression during progression when treated with
BRAF inhibitor.

Although obtaining a biopsy of melanoma tumor tissue is
easier due to the availability of the cutaneous location, 
obtaining biopsies from metastatic lung cancer tissues are
difficult. Accordingly, reports comparing tumor tissue before
and after treatment with chemotherapeutic agents have been
rare for lung cancer. Recently, PD-L1 expression was repor-
ted to be markedly increased in a subset of patients with
EGFR-mutant NSCLC after gefitinib treatment [15]. Gainor
et al. [21] reported PD-L1 expression was 47% in the crizo-
tinib-naïve setting (n=19) and 25% among crizotinib-resistant 
patients (n=12) in a retrospective parallel cohort of patients
with metastatic ALK-rearranged NSCLC, which was not sig-

Su-Jung Kim, PD-L1 and Resistance to ALK Inhibitors

Fig. 3.  Representative images of programmed cell death–ligand 1 (PD-L1) immunohistochemistry in non-small cell lung
cancer patients (!400). PD-L1 score was graded as absent (score 0) (A), weak (score 1) (B), moderate (score 2) (C), or strong
(score 3) (D). A score of 2 or 3 was deemed positive for PD-L1 expression.

A B

DC
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nificant (p=0.500). And in a crizotinib-resistant cell line,
DFCI076 which was from pleural effusion from a patient
who had developed acquired resistance to crizotinib, PD-L1
expression was reported to be increased [22].

To tell the mechanism how PD-L1 is increased after ALK
resistance, one explanation could be that with ALK inhibitor
resistance, ALK inhibition becomes not effective so ALK 

activity can be restored and accordingly PD-L1 can be acti-
vated again. Otherwise it can be explained with change of
the immune system. Recently increased tumor mutational
load was related to decreased efficacy of EGFR tyrosine-
kinase inhibitor in EGFR-mutated lung cancer [23]. When 
resistance to ALK inhibitor is acquired, tumor might get
more mutational burden and more immunogenicity. Because
of the dynamic and complex properties of immune system,
to further explain the mechanism of resistance of ALK inhi-
bition related to the PD-1/PD-L1 pathway, serial biopsies are
needed in the patients who receive ALK inhibitor therapy,
before ALK inhibitor treatment, early during treatment, and
at progression [20].

Our RNA sequencing results revealed that the gene 
expression profiles differed between the parental cells and
the cell lines from the single- and double-resistant groups.
Moreover, the R1 and R2 groups were distinct according to
clustering analysis, and the differences (fold changes) tended
to be greater in the double-resistant group. The direction and
the degree of gene expression changes between the single-
resistance and the parental cells were reproducible by the
comparison of the double-resistant cell lines and the parental
cells, indicating the validity of these results. 

Among the top 20 differentially expressed genes in the R1
or R2 groups compared to the H3122 parental cell line, the
majority of the genes were associated with the immune sys-
tem (S2 Fig.). OR2W1 exhibited a log2 fold change of > 16 in
both groups. OR2W1 is reportedly upregulated following 
48-h asbestos exposure in lung cancer cell lines [24]. PGLY-
RRP4 is related to immune homeostasis and is induced in 
response to bacterial infection, limiting the innate immune
response and preventing excessive inflammation [25]. GO
annotations related to CCL20 include cytokine activity and
chemokine activity, and several reports demonstrated the 
relationship between this gene and aggressive tumor behav-
ior [26], tumor-promoting macrophages, regulatory T cells,
myeloid-derived suppressor cells, and the epithelial-mes-
enchymal transition [27]. DEFB4 has been reported to be 
associated with immune response in NSCLC [28]. Lympho-
toxin ! (LTB) was reported to act as one of the central medi-
ators in liver cancer formation with chronic liver injury [29].
Recently, utilization of the LTB pathway was described as a
novel strategy to overcome resistance to PD-L1 blockade [17].
Meanwhile, S100A8 was found to be increased in PD-L1-
upregulated pancreatic cancers [30].

In the analysis of biologic processes and pathways, several
pathways related to the immune system, cancer, and extra-
cellular matrix-receptor interactions were identified. Taken
together, Our RNA seq data indicate that resistance to ALK
inhibitors in NSCLC is related to the immune system, several
cancer pathways, and the epithelial-mesenchymal transition.
To elucidate the association and causal relationship further

Cancer Res Treat. 2019;51(3):1231-1240

Fig. 4.  Changes in programmed cell death–ligand 1 (PD-
L1) before and after crizotinib treatment in anaplastic lym-
phoma kinase–positive non-small cell lung cancer tumor
tissues based on H-score (A), PD-L1 score (0, 1, 2, 3) (B),
and positivity (C).
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research is warranted.
Our study with patients’ tumor specimen was performed

retrospectively and pre- and post-treatment tumor speci-
mens were non-paired. Despite the difference was large
(5.42-fold difference), small sample size would have under-
powered the dataset and potentially contributed to the lack
of statistical significance. To overcome these limitations, we
conducted in vitro experiments through various methods and
the outcomes were consistent. And experiments in cell lines
even showed that as the resistance became more profound,
PD-L1 became more potently expressed. 

Despite shortcomings, this study is one of the first report
on alterations in PD-L1 expression related to resistance to
ALK inhibitors in ALK-positive NSCLC patients. Thus, this
study is expected to provide the foundation for further 
investigations of the role of PD-1/PD-L1 pathway in resist-
ance to target agents.

In conclusion, PD-L1 expression was consistently increa-
sed after acquisition of resistance to ALK inhibitor in lung
cancer specimens and cell lines. Thus, the PD-1/PD-L1 path-
way is associated with resistance to ALK inhibitors in ALK-

rearranged NSCLC. Future studies will further examine the
relationship between the PD-1/PD-L1 pathway and ALK 
inhibitor resistance.
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Anti-cancer Treatment
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Purpose
We aimed to determine the demographic and epidemiologic variables that are associated
with no treatment in lung cancer patients. 

Materials and Methods
Patient data were collected from the Korean National Health Insurance Database. The lung
cancer group included patients with an initial diagnosis of lung cancer between January 2009
and December 2014. Treated cases were defined as those that underwent surgery, radiation,
or chemotherapy until death, after the diagnosis of lung cancer. Risk of no treatment was
calculated by multiple logistic regression analysis.  

Results
Among the 2,148 new cases of lung cancer from 2009 to 2104, 612 (28.4%) were not
treated. Risk of no treatment was higher in the following patients: patients in their 60s (odds
ratio [OR], 1.18; 95% confidence interval [CI], 0.75 to 1.84), 70s (OR, 3.64; 95% CI, 2.41
to 5.50), and > 80 years old (OR, 16.55; 95% CI, 10.53 to 25.03) than those in their 50s;
patients with previous myocardial infarction (OR, 2.07; 95% CI, 1.01 to 4.25) or chronic kid-
ney disease (OR, 2.88; 95% CI, 1.57 to 5.30); and patients diagnosed at a non-referral hos-
pital (OR, 1.40; 95% CI, 1.01 to 1.92) or primary care provider (OR, 1.81; 95% CI, 1.43 to
2.29) compared with referral hospital. Low-income patients receiving Medicaid were 1.75
times (95% CI, 1.14 to 2.68) more likely to forgo treatment than high-income patients (upper
20%). Risk was not associated with sex or the year in which the lung cancer was diagnosed.  

Conclusion
Age predominantly determines whether patients with lung cancer undergo anti-cancer treat-
ment.
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Introduction

Lung cancer is the most common cancer worldwide, rank-
ing first in men and third in women for new cases, and it
ranks first as the cause of death for both sexes [1]. Lung can-
cer is the third most common cancer in Korea, following
stomach and colon cancers, and it is the most common cause
of cancer deaths in Korea [2]. The 5-year survival rate of lung
cancer in the United States is 18.6% while that for Korea is

about 21.9% [3,4]. 
For a variety of reasons, some lung cancer patients do not

undergo treatment. In the United States, untreated lung can-
cer patients were usually older than the treated group, more
likely Black, uninsured, and of lower socioeconomic level [5].
Recent data from the United States indicate that 21% of all
lung cancer patients did not receive anti-cancer treatment [6].
In Taiwan, 22.7% of patients with lung cancer are not treated
[7]. In Korea, medical insurance is a part of social security
with all citizens compulsorily enrolled in the government 



administered medical insurance. In addition, medical serv-

ices are provided free of charge to citizens who earn below a

certain income level. Therefore, it would be meaningful to

find out the reason why cancer treatment is not received by

citizens with access to free treatment under the national med-

ical insurance system.

The development of new lung cancer therapies [8-12] and

improved supportive care [13] have led to a steady improve-

ment in lung cancer treatment, thus, not receiving treatment

seems counterintuitive. It would be important to determine

the characteristics of newly diagnosed lung cancer patients

who did not receive treatment. This understanding will help

in informing policies that can lower the barriers to receiving

cancer treatment. 

We aimed to identify demographic and epidemiologic

variables associated with untreated lung cancer. We also

compared the survival rates of treated and untreated lung

cancer patients. 

Materials and Methods

1. Database

In Korea, there is only one health insurance system, with

unique resident registration number for each citizen; thus

avoiding duplication of subjects. The Korean National

Health Insurance Service (KNHIS) covers more than 99% of

all Korean residents and includes all health claim data such

as diagnostic codes, procedures, prescription drugs, patient

personal information, and hospital information. 

This study used data from NHIS-NSC 2002-2015, which

was released by the KNHIS in 2015, and includes all medical

claims filed from January 2002 to December 2015 for 1,031,392

nationally representative randomly selected subjects, accoun-

ting for approximately 2.2% of the entire population in the

KNHIS in 2002. The data were produced by the KNHIS using

a systematic sampling method to generate a representative

sample from all 46,605,433 Korean residents in 2002. The

KNHIS data is linked to the Statistics Korea (national statis-

tical office) data, which allows for accurate identification of

deaths, by death certificate record.

2. Case identification

Patients with lung cancer between January 2009 and 

December 2014 were enrolled (Fig. 1). The International Clas-

sification of Diseases, 10th revision (ICD-10) codes were used

as a key reference not only for disease diagnosis but also

within the National Health Insurance (NHI) database.

The cases were followed up until December 2015. The 

diagnostic codes for lung cancer cases diagnosed before 2009

were maintained in the NHI database. New lung cancer cases

were identified by counting new cases registered during the

calendar year after excluding preexisting lung cancer. We

counted newly developed lung cancer cases. Patients with

lung cancer (C34) were included only if the patients had a

special code, V193 or V194. Untreated cases were defined as

those who had never undergone surgery, radiation, or che-

motherapy until death, after diagnosis of lung cancer. The

treated cases were defined by medical claim data.   

Cancer Res Treat. 2019;51(3):1241-1248

Cases were excluded age < 30 years (n=44)

Cases were excluded due to other cancer
diagnosis before index date (n=795)

Nationally representative randomly selected 
subjects, accounting for approximately 2.2% 

of the entire population (n=1,031,392)

A total of 2,987 cases of ICD-10 codes C34.x 
during Jan 2009 and Dec 2014

Lung cancer cases were included and
follow up until Dec 2015 (n=2,148)

Fig. 1. Flow chart of the study. ICD-10, International Classification of Diseases, 10th revision. 
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3. Co-morbidities

The co-morbidities, diagnosed and identified using ICD-

10 codes before the index date, included hypertension, dia-

betes mellitus, chronic kidney disease, myocardial infarction,

venous thromboembolism, chronic obstructive pulmonary

disease, and cerebrovascular accident. 

4. Data verification

Specific code for lung cancer (C34) has been implemented

by the NHI service since 2009. All patients with lung cancer

send documents to the NHI that align with their diagnosis.

All patients with cancer are strictly validated and finally reg-

istered in a separate national cancer database maintained by

the National Cancer Center (NCC). Patients whose cancer 

diagnoses were not validated were dropped off from the can-

cer code. Since 2009, patients classified as having cancer are

eligible for payment reduction from the NHI; in line with the

government’s improved policy regarding enhanced support

for cancer patients. The physicians of such patients registered

for lung cancer, sends the necessary eligibility documents to

the NHI. This might have contributed to the successful 

implementation of this specific code for cancer in our health

system. 

5. Statistical analysis

Baseline characteristics at the initiation date (age, sex, res-

idential area, household income, smoking status, income

level, type of medical institution, and comorbidities) for cases

and controls are summarized using descriptive statistics such

as proportions. A chi-square test was used to compare fre-

quencies of risk factors between untreated and treated

groups. Logistic regression models were used to evaluate the

risk factors for no treatment. The multivariate logistic regres-

sion models were constructed using patient age groups (30-

49, 50-59, 60-69, 70-79, and ! 80 years), sex, household income

(high, middle, low, very low, and Medicaid), geographic 

location (capital, large cities, and other), smoking status, 

facility type (referral hospital, non-referral hospital, and pri-

mary care provider), and co-morbidities. The Kaplan-Meier

curve was used to calculate the 5-year survival rate between

the non-treatment and treatment groups. p-values of < 0.05

were considered statistically significant. All statistical analy-

ses were performed using SAS ver. 9.2 (SAS Institute, Cary,

NC) and SPSS ver. 21 (IBM Corp., Armonk, NY).

6. Ethical statement

The current study was approved by the institutional 

review board at Dongsan Medical Center, Keimyung Uni-

versity School of Medicine (IRB 2017-07-028) and written 

informed consent was waived.

Results

1. Baseline characteristics 

Table 1 shows the baseline characteristics of the 2,148 pati-

ents in our study. Fifty-three percent (1,138 cases) of the 

patients, diagnosed of lung cancer, were above 70 years of

age. The number of patients diagnosed at tertiary referral

hospitals, at non-referral hospitals, and by primary care pro-

viders were 1,108 (51.6%), 748 (34.8%), and 292 (13.6%), res-

pectively. Among the 2,148 new cases of lung cancer diag-

nosed between 2009 and 2104, 612 (28.4%) were not treated;

and the older the patient, the higher the frequency of no

treatment. Patients with no treatment were more likely to

have chronic renal failure, hypertension, myocardial infarc-

tion, chronic obstructive pulmonary disease, or cerebrovas-

cular accident. The residential area in which the cancer was

first diagnosed differed significantly between the treatment

and no treatment groups. There was no difference in percent-

age of lung cancer treatment between calendar year. 

2. Risk factors associated with no treatment

Multivariate logistic regression analysis of the variables

(Table 2) revealed a significant association with no treatment;

with the lowest income group (Medicaid) having 1.7 times

the risk, history of myocardial infarction had 2.0 times, his-

tory of chronic kidney disease about 2.8 times, and most 

notably, the age. Relative to patients in their 50s, risk of non-

treatment was 1.1 times higher in patients in their 60s, 3.6

times higher in patients in their 70s, with a sharp increase to

16.5 times in patients > 80 years of age. Lung cancer diagno-

sis at a non-referral hospital or by a primary care provider

significantly increased risk of no treatment compared to 

referral hospital. All risk factors included in the model had

relatively narrow confidence intervals. There were no vari-

ables that changed the direction of the odds ratio in the uni-

variate and multivariate analyses except income and year of

diagnosis, which was statistically not significant. The mag-

nitude of the odds ratios of previous history of myocardial

infarction and chronic kidney disease was reduced after the

multivariate analysis. However, age at lung cancer diagnosis

showed almost the same odds ratio at multivariate analysis.
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3. Survival 

Five-year survival rate was lower in the no treatment vs.
treatment group (Fig. 2). The median survival time was 18.1

months longer in the treatment group. When only patients 
> 80 years old were analyzed, 5-year survival rate was lower
in the no treatment group, which also had a shorter median
survival time (by 6.8 months) (Fig. 3).

Cancer Res Treat. 2019;51(3):1241-1248

Table 1.  Demographic and clinical characteristics of patients with lung cancer untreated and treated 
Characteristic No treatment (n=604) Treatment (n=1,544) p-value

Sex

Male 425 (70.4) 1,111 (71.9) 0.46
Age (yr)

< 50 10 (1.7) 85 (5.5) < 0.01
50-59 32 (5.3) 269 (17.4) 
60-69 80 (13.2) 534 (34.6) 
70-79 253 (41.9) 546 (35.4) 
! 80 229 (37.9) 110 (7.1) 

Baseline comorbidity

Diabetes 139 (23.0) 333 (21.6) 0.46
Chronic kidney disease 32 (5.3) 24 (1.6) < 0.01
Hypertension 217 (35.9) 472 (30.6) 0.01
Previous thromboembolism 5 (0.8) 16 (1.0) 0.65
Previous myocardial infarction 19 (3.1) 21 (1.4) < 0.01
COPD 124 (20.5) 245 (15.9) 0.01
Cerebrovascular accident 137 (22.7) 206 (13.3) < 0.01

Risk factor 

Smoker 
Missing 187 (31.0) 309 (20.0) 0.05
Non-smoker 178 (29.5) 532 (34.5) 
Ex-smoker 70 (11.6) 266 (17.2) 
Current smoker 169 (28.0) 437 (28.3) 

Place of residence

Seoul, capital city 79 (13.1) 287 (18.6) < 0.01
Large cities 138 (22.8) 364 (23.6) 
Small cities and rural area 387 (64.1) 893 (57.8) 

Household income relative to the median (%)

90-100 187 (31.0) 495 (32.1) < 0.01
60-89 158 (26.2) 481 (31.2) 
30-59 107 (17.7) 282 (18.3) 
10-29 86 (14.2) 213 (13.8)
0-9 66 (10.9) 73 (4.7)

Facility type

Referral hospital 243 (40.2) 865 (56.0) < 0.01
Non-referral hospital 268 (44.4) 480 (31.1) 
Primary care provider 93 (15.4) 199 (12.9) 

Year of lung cancer diagnosis

2009 83 (28.0) 213 (72.0) 0.08
2010 91 (27.7) 237 (72.3)
2011 99 (27.8) 257 (72.2) 
2012 108 (28.4) 272 (71.6)
2013 104 (28.1) 266 (71.9) 
2014 119 (28.5) 299 (71.5) 

Values are presented as number (%). COPD, chronic obstructive pulmonary disease.
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Discussion

In this study, 31% of lung cancer patients in their 70s and
67% of those > 80 years of age did not receive treatment. The
percentage of those > 80 years of age in our study that did
not receive treatment, is higher than that in a study in the
United States (about 50%) [14]. In our study, when other vari-
ables were controlled for, patients in their 70s were 3.6 times
more likely to decline being treated than those in their 50s,
and patients > 80 years old were 16.5 times more likely to 
decline being treated. In Taiwan, the odds ratio for declining

treatment for lung cancer was 2.61 in patients > 75 years old
compared to patients ! 44 years old, as determined in analy-
ses controlled for confounders and comorbidities. Hence,
there is a large difference in the percentage of untreated lung
cancer patients in Korea and Taiwan, despite their similar
cultural, ethnic, and economic backgrounds [7]. 

When the physicians are planning to assign specific codes
(V193 or V194) for lung cancer, they were to submit the exact
diagnostic method to the national health insurance. In this
study, lung cancer was defined using both the specific code
and the ICD-10 code and this might have resulted in the 
selection of patients with lung cancer, using the two codes;

Won-Il Choi, Risk Factors for Untreated Lung Cancer

Table 2.  Univariate and multivariate logistic regression analyses for factors associated with the no treatment of lung cancer

Variable
Univariate Multivariate

OR (95% CI) p-value OR (95% CI) p-value
Age group (yr)

< 50 1.04 (0.47-2.27) 0.05 1.03 (0.48-2.21) 0.93
50-59 (reference)
60-69 1.26 (0.82-1.95) 0.03 1.18 (0.75-1.84) 0.47
70-79 3.90 (2.62-5.79) < 0.01 3.64 (2.41-5.50) < 0.01
" 80 17.50 (11.37-26.94) < 0.01 16.55 (10.53-25.03) < 0.01

Women (reference: men) 1.08 (0.88-1.33) 0.46 1.03 (0.80-1.31) 0.83
CVA (reference: no) 1.91 (1.50-2.42) < 0.01 1.20 (0.91-1.59) 0.19
Hypertension (reference: no) 1.27 (1.04-1.55) 0.01 0.88 (0.66-1.17) 0.37
Myocardial infarction (reference: no) 2.36 (1.26-4.41) < 0.01 2.07 (1.01-4.25) 0.04
Chronic kidney disease (reference: no) 3.54 (2.07-6.07) < 0.01 2.88 (1.57-5.30) < 0.01
COPD (reference: no) 1.37 (1.08-1.74) 0.01 1.07 (0.79-1.44) 0.66
Household income relative to the median (%)

90-100 (reference)
60-89 0.87 (0.68-1.11) 0.26 1.06 (0.80-1.40) 0.66
30-59 1.00 (0.76-1.32) 0.97 1.41 (1.02-1.95) 0.03
10-29 1.06 (0.79-1.44) 0.66 1.27 (0.90-1.79) 0.16
0-9 2.39 (1.64-3.47) < 0.01 1.75 (1.14-2.68) < 0.01

Year of lung cancer diagnosis
2009 (reference)
2010 0.99 (0.69-1.40) 0.93 0.84 (0.57-1.24) 0.37
2011 0.99 (0.70-1.39) 0.95 0.69 (0.47-1.02) 0.06
2012 1.02 (0.73-1.43) 0.91 0.72 (0.49-1.06) 0.09
2013 1.00 (0.71-1.41) 0.99 0.70 (0.46-1.07) 0.09
2014 1.02 (0.73-1.42) 0.90 0.72 (0.48-1.08) 0.11

Facility type
Referral hospital (reference)
Non-referral hospital 1.66 (1.25-2.21) < 0.01 1.40 (1.01-1.92) 0.04
Primary care provider 1.99 (1.62-2.44) < 0.01 1.81 (1.43-2.29) < 0.01

Place of residence
Seoul, capital city (reference)
Large cities 1.38 (1.00-1.89) 0.04 1.22 (0.85-1.74) 0.27
Small cities and rural area 1.57 (1.19-2.08) < 0.01 1.34 (0.98-1.83) 0.06

OR, odds ratio; CI, confidence interval; CVA, cerebrovascular accident; COPD, chronic obstructive pulmonary disease.
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this might have resulted in an overestimation. However, the
number of lung cancer patients from the National Cancer
Register and in this study, is consistent. The number of lung
cancer patients aged 30 years or older included in the Natio-
nal Cancer Register during the same period of this study was
133,503 [15]. The database (NHIS-NSC 2002-2015) used in
this study, was based on 2.2% of the whole national popula-
tion. Therefore 2,937 cases of lung cancer should occur in this
database if the incidence of lung cancer is the same as the 
National Cancer Register. This study excluded patients (n=795)
who had cancer before the diagnosis of lung cancer (Fig. 1).
Therefore, 2,142 patients with lung cancer would occur dur-
ing the study period, excluding patients who had previously
had cancers. 

Staging would be an important factor for determining anti-
cancer treatment in lung cancer patients. However, in this
study, staging of the treated and the non-treated group was
not available. Our study needs to validate considering stag-
ing of all lung cancer patients, while retrospective study
failed to demonstrate significant association between lung
cancer treatment refusal and staging in Korea [16].  

In Korea, life expectancy is 78.8 years for men and 85.5
years for women [17]. Hence, Korean cancer patients in their
80s may forgo treatment thinking they have reached the end
of their lives; physical and social barriers may also play a
role. These barriers among elderly lung cancer patients need
to be overcome [18,19].

The likelihood of refusing treatment was 2.4% higher in
women than men in the U.S. study [6] and 2% higher in the
Taiwan study [7]. In our study, it was 3% higher, although
this increase was not statistically significant. Because men
have a shorter average lifespan than women, they were more
likely to receive help from their spouses during their treat-

ment, while women were less likely to [20]. 
As income decreases, the risk of not receiving cancer treat-

ment increases. In this study, the lowest income group (Med-
icaid) was 1.7 times less likely to undergo treatment than the
highest income group (top 20%). Previous studies reported
a similar finding, although the difference between the 
income groups was smaller [6,7]. Regardless of income, 
> 99% of Korean citizens are covered by the health insurance.
Individuals with the lowest income are supported by the
government with almost all medical expenses including
medications paid for. However, this does not offset the effect
of economic factors on treatment received in Korea, like in
other countries [21]. For the lowest income group, additional
social care may be needed in addition to the insurance benefit
[22].

In this study, not receiving treatment for lung cancer sig-
nificantly correlated with the history of myocardial infarction
or chronic kidney disease. Co-morbidities were also associ-
ated with no treatment in previous studies of lung and ovar-
ian cancer patients [6,7,23], whereas another study found no
association [24]. Age was an important determinant of treat-
ment refusal in our study, as well as in other studies [14]. 
Educating otherwise healthy elderly patients with lung can-
cer, and supporting their families may help persuade them
to accept treatment [25,26].

Physician preferences regarding referrals have been shown
to influence treatment vs. no treatment decisions [27]. In our
study, lung cancer patients diagnosed at non-referral hospi-
tals or by primary care providers were, respectively, 1.4 and
1.8 times less likely to receive treatment than those diagnosed
at referral hospitals (Table 2). Information about lung cancer
needs to be provided, not only to patients’ families but also,
to medical personnel that are not specialized in lung cancer

Cancer Res Treat. 2019;51(3):1241-1248

Fig. 2.  Kaplan-Meier curves for 5-year survival in all lung
cancer patients. Patients who received treatment (any type
of chemotherapy, radiotherapy, or surgery) (red line) and
patients who did not (blue line) were compared.
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Fig. 3.  Kaplan-Meier curves for 5-year survival in lung
cancer patients > 80 years old. Patients who received treat-
ment (any type of chemotherapy, radiotherapy, or sur-
gery) (red line) and patients who did not (blue line) were
compared. 
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[28]. Active medical policies, medical institutions, and com-
munity efforts are also required to ensure that cancer treat-
ment is acceptable to all cancer patients [29]. 

Unlike a previous study in the United States [6], our study
showed that risk of no treatment was stable over time when
other variables were controlled (Table 2). In Korea, the num-
ber of treatment items covered by insurance increases yearly,
and the number of patients receiving treatment is expected
to increase owing to decreases in the costs borne by patients.
This may partially explain the difference between our results
and those from the United States [6].

Lastly, we found that the survival rate was significantly
higher in the treatment group than the no treatment group,
even when only patients > 80 years old were considered. The
median survival time was 6 months longer in treated vs. 
untreated for the “over 80” patients. This suggested that 
active treatment could be an important option even for those
aged > 80 years in selected lung cancer patients [30]. Although
we did not consider confounders, co-morbidities, and treat-
ment complications in the survival data, the data are pre-
sented for comparison with other similar studies.

The limitations of current study are the following: we did
not have data on stages of lung cancer, which should be an
important factor in deciding the treatment plan. And there
was no information on the patient’s personal reasons for no
treatment, as well as about the family’s attitudes toward for-
going the treatment. There was also no information about the
alternative care of the untreated lung cancer patients. In 

addition, diagnoses of comorbidities were based on the ICD
codes, which may require validation via medical record 
review. 

Although economic status, non-referral hospital, renal fail-
ure, and history of myocardial infarction were important risk
factors that are associated with no treatment in lung cancer,
age predominantly determined untreated lung cancer. Full
support of medical expense in the lowest income group does
not reduce untreated lung cancer patients. Survival rates and
times were higher in treated vs. untreated patients, even
among those > 80 years of age. 

Lung cancer treatments continue to evolve in ways that
produce better responses with less toxicity. The aging of 
society is a worldwide phenomenon, with some countries
having “super-aged” populations, and the incidence of lung
cancer in the elderly is increasing. Therefore, more studies
are needed to investigate the age-related treatment barriers
to lung cancer treatment.

Conflicts of Interest

Conflict of interest relevant to this article was not reported. 

Acknowledgments

This work was supported by the National Research Foundation
of Korea (NRF) grant funded by the Korean Government (MSIP)
(No. 2014R1A5A2010008). 

1. Thun MJ, Henley SJ, Travis WD. Lung cancer. In: Thun MJ,
Linet MS, Cerhan JR, Haiman CA, Schottenfeld D, editors.
Cancer epidemiology and prevention. New York: Oxford Uni-
versity Press; 2018. p. 519-41.

2. Jung KW, Won YJ, Kong HJ, Lee ES; Community of Popula-
tion-Based Regional Cancer Registries. Cancer statistics in
Korea: incidence, mortality, survival, and prevalence in 2015.
Cancer Res Treat. 2018;50:303-16.

3. National Cancer Institute Surveillance Epidemiology, and End
Results Program. SEER Cancer Stat Facts: Lung and Bronchus
Cancer [Internet]. Bethesda, MD: National Cancer Institute;
c2018 [cited 2018 Aug 6]. Available from: http://seer.cancer.
gov/statfacts/html/lungb.html.

4. Park JY, Jang SH. Epidemiology of lung cancer in Korea: 
recent trends. Tuberc Respir Dis. 2016;79:58-69.

5. Small AC, Tsao CK, Moshier EL, Gartrell BA, Wisnivesky JP,
Godbold JH, et al. Prevalence and characteristics of patients
with metastatic cancer who receive no anticancer therapy.
Cancer. 2012;118:5947-54.

6. David EA, Daly ME, Li CS, Chiu CL, Cooke DT, Brown LM,
et al. Increasing rates of no treatment in advanced-stage non-
small cell lung cancer patients: a propensity-matched analysis.
J Thorac Oncol. 2017;12:437-45.

7. Huang HL, Kung PT, Chiu CF, Wang YH, Tsai WC. Factors
associated with lung cancer patients refusing treatment and
their survival: a national cohort study under a universal health
insurance in Taiwan. PLoS One. 2014;9:e101731.

8. Mok TS, Wu YL, Thongprasert S, Yang CH, Chu DT, Saijo N,
et al. Gefitinib or carboplatin-paclitaxel in pulmonary adeno-
carcinoma. N Engl J Med. 2009;361:947-57.

9. Kwak EL, Bang YJ, Camidge DR, Shaw AT, Solomon B, Maki
RG, et al. Anaplastic lymphoma kinase inhibition in non-
small-cell lung cancer. N Engl J Med. 2010;363:1693-703.

10. Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M, Ready
NE, et al. Nivolumab versus docetaxel in advanced nonsqua-
mous non-small-cell lung cancer. N Engl J Med. 2015;373:1627-
39.

11. Garon EB, Rizvi NA, Hui R, Leighl N, Balmanoukian AS, Eder

References

VOLUME 51 NUMBER 3 JULY 2019  1247



Cancer Res Treat. 2019;51(3):1241-1248

JP, et al. Pembrolizumab for the treatment of non-small-cell
lung cancer. N Engl J Med. 2015;372:2018-28.

12. Janne PA, Yang JC, Kim DW, Planchard D, Ohe Y, Rama-
lingam SS, et al. AZD9291 in EGFR inhibitor-resistant non-
small-cell lung cancer. N Engl J Med. 2015;372:1689-99.

13. Temel JS, Greer JA, Muzikansky A, Gallagher ER, Admane S,
Jackson VA, et al. Early palliative care for patients with
metastatic non-small-cell lung cancer. N Engl J Med. 2010;363:
733-42.

14. Wang S, Wong ML, Hamilton N, Davoren JB, Jahan TM, Wal-
ter LC. Impact of age and comorbidity on non-small-cell lung
cancer treatment in older veterans. J Clin Oncol. 2012;30:1447-
55.

15. Korean Statistical Information Service. Cancer incidence in
Korea [Internet]. Daejeon: Statistics Korea; 2016 [cited 2018
Nov 3]. Available from: http://kosis.kr/statHtml/statHtml.
do?orgId=117&tblId=DT_117N_A0024&conn_path=I3.

16. Suh WN, Kong KA, Han Y, Kim SJ, Lee SH, Ryu YJ, et al. Risk
factors associated with treatment refusal in lung cancer. Tho-
rac Cancer. 2017;8:443-50.

17. World Health Organization. Life expectancy increased by 5
years since 2000, but health inequalities persist [Internet].
Geneva: World Health Organization; c2016 [cited 2018 Aug 7].
Available from: http://www.who.int/en/news-room/detail/
19-05-2016-life-expectancy-increased-by-5-years-since-2000-
but-health-inequalities-persist.

18. Shingler SL, Bennett BM, Cramer JA, Towse A, Twelves C,
Lloyd AJ. Treatment preference, adherence and outcomes in
patients with cancer: literature review and development of a
theoretical model. Curr Med Res Opin. 2014;30:2329-41.

19. van Kleffens T, van Leeuwen E. Physicians' evaluations of 
patients' decisions to refuse oncological treatment. J Med
Ethics. 2005;31:131-6.

20. Puts MT, Monette J, Girre V, Wolfson C, Monette M, Batist G,
et al. Characteristics of older newly diagnosed cancer patients
refusing cancer treatments. Support Care Cancer. 2010;18:969-
74.

21. Lin JH, Zhang SM, Manson JE. Predicting adherence to tamox-

ifen for breast cancer adjuvant therapy and prevention. Cancer
Prev Res (Phila). 2011;4:1360-5.

22. Min HS, Yang HK, Park K. Supporting low-income cancer 
patients: recommendations for the public financial aid pro-
gram in the Republic of Korea. Cancer Res Treat. 2018;50:1074-
83.

23. Wallace SK, Lin JF, Cliby WA, Leiserowitz GS, Tergas AI, Bris-
tow RE. Refusal of recommended chemotherapy for ovarian
cancer: risk factors and outcomes; a national cancer data base
study. J Natl Compr Canc Netw. 2016;14:539-50.

24. Janssen-Heijnen ML, Smulders S, Lemmens VE, Smeenk FW,
van Geffen HJ, Coebergh JW. Effect of comorbidity on the
treatment and prognosis of elderly patients with non-small
cell lung cancer. Thorax. 2004;59:602-7.

25. Marshall CA, Badger TA, Curran MA, Koerner SS, Larkey LK,
Weihs KL, et al. Un Abrazo Para La Familia: providing low-
income Hispanics with education and skills in coping with
breast cancer and caregiving. Psychooncology. 2013;22:470-4.

26. Turner D, Adams E, Boulton M, Harrison S, Khan N, Rose P,
et al. Partners and close family members of long-term cancer
survivors: health status, psychosocial well-being and unmet
supportive care needs. Psychooncology. 2013;22:12-9.

27. Goulart BH, Reyes CM, Fedorenko CR, Mummy DG, Satram-
Hoang S, Koepl LM, et al. Referral and treatment patterns
among patients with stages III and IV non-small-cell lung can-
cer. J Oncol Pract. 2013;9:42-50.

28. Murgu S, Rabito R, Lasko G, Jackson C, Mino-Kenudson M,
Ettinger DS, et al. Impact of a non-small cell lung cancer edu-
cational program for interdisciplinary teams. Chest. 2018;153:
876-87.

29. Dunn J, Garvey G, Valery PC, Ball D, Fong KM, Vinod S, et al.
Barriers to lung cancer care: health professionals' perspectives.
Support Care Cancer. 2017;25:497-504.

30. Park S, Park IK, Kim ER, Hwang Y, Lee HJ, Kang CH, et al.
Current trends of lung cancer surgery and demographic and
social factors related to changes in the trends of lung cancer
surgery: an analysis of the national database from 2010 to 2014.
Cancer Res Treat. 2017;49:330-7.

1248 CANCER  RESEARCH  AND  TREATMENT



1249│ https://www.e-crt.org │ Copyright ⓒ 2019    by  the Korean Cancer Association

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Cancer Res Treat. 2019;51(3):1249-1256

pISSN 1598-2998, eISSN 2005-9256

https://doi.org/10.4143/crt.2018.451

Open Access

Prospective Validation of the Korean Cancer Study Group Geriatric
Score (KG)-7, a Novel Geriatric Screening Tool, in Older Patients with
Advanced Cancer Undergoing First-line Palliative Chemotherapy

Original Article

Purpose

The purpose of this study was to prospectively validate the Korean Cancer Study Group

Geriatric Score (KG)-7, a novel geriatric screening tool, in older patients with advanced can-

cer planned to undergo first-line palliative chemotherapy. 

Materials and Methods

Participants answered the KG-7 questionnaire before undergoing geriatric assessment (GA)

and first-line palliative chemotherapy. The performance of KG-7 was evaluated by calculating

the sensitivity (SE), specificity (SP), positive and negative predictive value (PPV and NPV),

balanced accuracy (BA), and area under the curve (AUC).

Results

The baseline GA and KG-7 results were collected from 301 patients. The median age was

75 years (range, 70 to 93 years). Abnormal GA was documented in 222 patients (73.8%).

Based on the ! 5 cut-off value of KG-7 for abnormal GA, abnormal KG-7 score was shown

in 200 patients (66.4%). KG-7 showed SE, SP, PPV, NPV, and BA of 75.7%, 59.7%, 84.4%,

46.0%, and 67.7%, respectively; AUC was 0.745 (95% confidence interval, 0.687 to 0.803).

Furthermore, patients with higher KG-7 scores showed significantly longer survival (p=

0.006).   

Conclusion

KG-7 appears to be adequate in identifying patients with abnormal GA prospectively. Hence,

KG-7 can be a useful screening tool for Asian countries with limited resources and high pati-

ent volume.  
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Geriatric assessment, KG-7, Screening tools, Prospective, 
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Introduction

Geriatric assessment (GA) can identify various problems
necessary to determine the appropriate geriatric intervention
and follow-up strategies for older patients, otherwise not
possible by conventional physical examination and/or his-
tory taking [1,2]. It is considered useful due to its ability to
differentiate between older patients with good and dimin-
ished physiological reserves. In older patients with cancer,
GA has been used to predict tolerability of cancer treatment
[3,4], toxicity of chemotherapy [5,6], and survival [7,8]. How-
ever, the full GA consists of many domains with items, inclu-
ding medical, functional, neuropsychiatric, nutritional, and
social assessments [9], which can be highly time consuming
and labor intensive. Therefore, it can be ineffective in routine
practice, especially in institutions with limited resources and
high patient volume, especially in high-burden oncology
clinics. To remedy this, a screening method that differentiates
older patients who need the full GA from those who do not
need such extensive approach may be highly beneficial [10]. 

To date, there are several geriatric screening tools avail-
able, including Geriatric 8 (G-8), Abbreviated Comprehen-
sive Geriatric Assessment (aCGA), Groningen Frailty Index
(GFI), Vulnerable Elders Survey-13 (VES-13), and Triage Risk
Screening Tool (TRST) [11-13]. However, these methods pro-
vide insufficient information to precisely identify patients
that need the full GA [9]. Moreover, they do not represent all
domains evenly [9,14]. VES-13 was developed to identify
vulnerable older individuals in a community, and TRST was
developed to predict repeat emergency department visits
[15,16]. Hence, the applicability of these methods in cancer
patients may be limiting. In addition, domain of GA could
be various based on cultural backgrounds and clinical prac-
tice patterns. Given these considerations, we have developed
a novel screening tool: the Korean Cancer Study Group Geri-
atric Score (KG)-7 with objective, easy-to-answer questions
that have been selected from a large dataset to represent each

domain of GA with high sensitivity (SE) and specificity (SP)
in the previous study [17].

In this study, we aimed to prospectively validate the clin-
ical utility of KG-7 from an independent cohort of older pati-
ents with advanced cancer planned to undergo first-line
palliative chemotherapy. We also assessed the prognostic
value of KG-7 in terms of overall survival (OS). 

Materials and Methods

This prospective study to validate KG-7 was conducted as
a substudy of another prospective, longitudinal, and multi-
center cohort study to develop a prediction tool for adverse
events ! grade 3 due to chemotherapy [18]. Inclusion criteria
of this study were as follows: patient age ! 70 years; candi-
date for first-line palliative chemotherapy; and patients with
histologically confirmed solid tumor. The exclusion criteria
were hematologic malignancy, such as lymphoma, leukemia,
and multiple myeloma; patient with a treatment plan of
monotherapy with biologic agent or targeted agent, concur-
rent chemoradiotherapy, combination chemotherapy with
investigational agents, or monotherapy with oral agents; and
recurrent cases during adjuvant chemotherapy. 

1. KG-7 and GA

KG-7 questionnaire was answered before full GA. KG-7
consisted of seven questions evenly distributed to represent
each domain of GA (Table 1). KG-7 scores ranged from 0 to
7, and higher scores indicated better conditions. In a previous
study, the cut-off value of KG-7 was defined as 5.5 [17]. As
in our previous studies, GA consisted of an evaluation of
medical problems, social support, functional status, cognitive
status, emotional status, nutritional status, and mobility
[3,17,19]. To measure comorbidity, Charlson comorbidity

Cancer Res Treat. 2019;51(3):1249-1256

Table 1.  The Korean Cancer Study Group Geriatric Score (KG)-7

1. Can you take a shower or bath without help? Yes (1), No (0) 
2. Can you ascend the stairs without help? Yes (1), No (0) 
3. Can you take care of all shopping needs independently? Yes (1), No (0) 
4. How is the self-view of your nutritional status? Good (1), Bad (0) 
5. Do you take more than 3 prescription drugs per day? Yes (0), No (1) 
6. What year, month and day is this? Correct answer (1), Incorrect answer (0) 
7. Have you dropped many of your activities and interests? Yes (0), No (1) 
Total points (      )/7 points
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index was used, which was divided into low (0 points),
medium (1-2 points), high (3-4 points), and very high (! 5
points) groups in accordance with the original weighting sys-
tem [20]. The functional status was tested using the activities
of daily living (ADL) and Korean instrument activities of
daily living (K-IADL) scores [21,22]. At least one item with
dependency in ADL or K-IADL was categorized as ADL-
dependent or IADL-dependent, respectively. Timed get-up-
and-go test (TGUG) of greater than 20 seconds was defined
as impaired mobility [23]. Cognitive function was tested
using Mini-Mental Status Examination in the Korean version
of the Consortium to Establish a Registry for Alzheimer's dis-
ease Assessment Packet (MMSE-KC), which was categorized
into severe cognitive impairment (scores " 16) and mild cog-
nitive impairment (scores 17-24) [24]. For depression, short-
form geriatric depression scale (SGDS) scores of 5 to 9 and of
10 or more showed mild depression and severe depression,
respectively [25]. In terms of nutritional status, the mini 
nutritional assessment (MNA) score of less than 17.0 and 
between 17.0 and 23.5 indicated malnutrition and risk of mal-
nutrition, respectively [26]. GA was evaluated by clinical 
research coordinators who underwent appropriate educa-
tion – and were certified by the Korean Cancer Study Group
(KCSG) for the standardization of GA. Abnormal GA was
defined as deficits in at least two out of six domains (ADL, 
K-IADL, MMSE-KC, SGDS, MNA, and TGUG). 

2. Statistical analysis

SE, SP, positive and negative predictive value (PPV and
NPV), balanced accuracy [BA=(SE+SP)/2], as well as the area
under the curve (AUC) were calculated. The performance of
KG-7 was numerically compared with that of G-8. The G-8

Jin Won Kim, Prospective Validation of KG-7

Table 2. Baseline characteristics including geriatric assess-
ment 

(Continued)

Variable No. (%) (n=301)

Age, median (range, yr) 75 (70-93)
70-79 259 (86.0)
! 80 42 (14.0)

Sex

Male 208 (69.1)
Female 93 (30.9)

ECOG PS

0 39 (13.0)
1 206 (68.4)
2 52 (17.3)
3/4 4 (1.3)

Cancer type

Colorectal cancer 87 (28.9)
Lung 74 (24.6)
Hepato-biliary-pancreatic 67 (22.3)
Stomach 32 (10.6)
Urinary tract cancer (including prostate) 15 (5.0)
Head and neck 10 (3.3)
Othersa) 16 (5.3)

Comorbidity (Charlson risk index)

Low (0) 157 (52.2)
Medium (1-2) 114 (37.9)
High (3-4) 28 (9.3)
Very high (! 5) 2 (0.7)

Activity of daily living

Independent 215 (71.4)
Dependent 86 (28.6)

Instrumental activity daily of living 

Independent 177 (58.8)
Dependent 124 (41.2)

Cognitive function (MMSE-KC)

Intact (25-30) 134 (44.5)
Mild impairment (17-24) 137 (45.5)
Severe impairment (" 16) 30 (10.0)

Depression (SGDS)

Intact  (< 5) 167 (55.5)
Mild depression (! 5 and < 10) 92 (30.6)
Severe depression) (! 10) 40 (13.3)
Unknown 2 (0.7)

Nutritional status (MNA)

Normal (! 24) 70 (23.3)
Risk of malnutrition (! 17 and < 24) 171 (56.8)
Malnutrition (< 17) 59 (19.6)
Unknown 1 (0.3)

Mobility (TGUG)

Intact 235 (78.1)
Impaired or incapable 47 (15.6)
Unknown 19 (6.3)

Table 2. Continued

ECOG PS, Eastern Cooperative Oncology Group Scale of
Performance Status; MMSE-KC, Mini-Mental Status 
Examination in the Korean version of the Consortium to
Establish a Registry for Alzheimer's disease Assessment
Packet; SGDS, Short-Form Geriatric Depression Scale;
MNA, Mini Nutritional Assessment; TGUG, Timed Get
Up and Go test. a)Others: breast (4), gynecological (4),
esophageal cancer (3), sarcoma (2), melanoma (2), thymo-
ma (1).

Variable No. (%) (n=301)

Geriatric assessment

Abnormal 222 (73.8)
Normal 77 (25.6)
Undetermined 2 (0.7)
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was obtained from MNA and age. OS was calculated from
the date of GA to the last follow-up or any cause of death.
The event for OS was defined as any cause of death. The
probability of OS was calculated using Kaplan-Meier sur-
vival analysis with log-rank significance tests. All analyses
were performed using PASW Statistics ver. 18 (SPSS Inc.,
Chicago, IL).

3. Ethical statement

This study was approved by the institutional review
boards and independent ethics committee of each hospital
and KCSG (KCSG PC13-09). This study was registered with
the Clinical Research Information Service (CRiS, WHO
ICTRP number: KCT0001071). All participating patients pro-
vided written informed consent.

Results

1. Baseline characteristics and GA

Between February 2014 and December 2015, 301 patients
undergoing palliative chemotherapy were enrolled in 17 hos-
pitals affiliated with KCSG. The baseline patient characteris-
tics and results of GA are shown in Table 2. The median age
was 75 years (range, 70 to 93 years). Forty-two patients
(14.0%) were 80 years of age or older. Males were more than
females (69.1% and 30.9%, respectively). The most common

cancer types were colorectal cancer (28.9%), lung cancer
(24.6%), and hepato-biliary-pancreatic cancer (22.3%). In
terms of GA, Charlson comorbidity index showed low or
medium risk of comorbidity (52.2% and 37.9%, respectively)
in most patients. Dependency in ADL and IADL was identi-
fied in 28.6% and 41.2% of patients, respectively. MMSE 
indicated mild and severe impairment of cognitive function
in 45.5% and 10.0% of patients, respectively. Mild and severe
depression were detected in 30.6% and 13.3% of patients, 
respectively. The risk of malnutrition and having malnutri-
tion by MNA were seen in 56.8% and 19.6% of patients, 
respectively. There were 47 patients (15.6%) who had impai-
red mobility by TGUG > 20 seconds or were unable to com-
plete the test. In two patients, abnormality of GA could not
be determined in accordance with the definition of abnor-
mality defined above due to missing values of GA. Abnor-
mal GA was identified in 222 patients (73.8%).

2. KG-7

The KG-7 score was collected in all patients. The distribu-
tion of KG-7 score is shown in Fig. 1. SE and SP using differ-
ent cutoffs were presented as a S1 Table. Based on the ! 5
cut-off value of KG-7 for abnormal GA, as suggested by a
previous study [17], abnormal KG-7 score was shown in 200
patients (66.4%). The SE, SP, PPV, NPV, and BA were 75.7%,
59.7%, 84.4%, 46.0%, and 67.7%, respectively. According to
the receiver operating characteristic (ROC) curve analysis,
AUC was 0.745 (95% confidence interval [CI], 0.687 to 0.803;
p < 0.001) (Fig. 2A).
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Fig. 1.  Distribution of Korean Cancer Study Group Geriatric Score (KG)-7 score according to status of geriatric assessment
(GA). Values shown in Table are presented as number (%).
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3. The performance of KG-7 compared with that of G-8 

The G-8 score was calculated using MNA and age. In one
patient, G-8 score could not be calculated due to missing val-
ues. There was the positive correlation between KG-7 and 
G-8 scores (Pearson correlation, 0.517; p < 0.001). With the 
G-8 cut-off value of ! 14 for abnormal GA, as suggested by a
reference study [27], abnormal G-8 score was shown in 263
patients (87.4%). SE, SP, PPV, NPV, and BA were 94.1%,
28.6%, 79.0%, 61.1%, and 61.4%, respectively. According to
ROC, AUC was 0.772 (95% CI, 0.710 to 0.834; p < 0.001) 
(Fig. 2B). The SE and NPV of G-8 were higher than those of
KG-7. However, SP and PPV of G-8 were lower than those
of KG-7. Furthermore, BA was higher in KG-7 than in G-8
(67.7% and 61.4%, respectively). Normal G-8 score (> 14
points) was shown in only 12.3% of all patients. Hence, G-8
showed a lower number of patients without the need of full

GA than KG-7 (33.6%).

4. OS according to KG-7 score

The KG-7 scores showed a prognostic value for OS. Pati-
ents with a higher KG-7 score showed longer OS (p=0.006).
The median OS was longer in patients with normal KG-7
scores than those with abnormal KG-7 scores (19 months vs.
10 months, p=0.003) (Fig. 3A). When patients were catego-
rized into four groups according to KG-7 score (0, 1 vs. 2, 3
vs. 4, 5 vs. 6, 7), groups with higher scores also showed
longer OS (median OS, 4 vs. 5 vs. 12 vs. 19 months, respec-
tively; p=0.002) (Fig. 3B). 

Jin Won Kim, Prospective Validation of KG-7

Fig. 2.  Receiver operating characteristic (ROC) curve comparing Korean Cancer Study Group Geriatric Score (KG)-7 (A)
with Geriatric 8 (G-8) (B). CI, confidence interval.
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Fig. 3.  Overall survival according to normal Korean Cancer Study Group Geriatric Score (KG)-7 vs. abnormal KG-7 score
(A), overall survival based on subgroups of KG-7 scores (B).
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Discussion

In this study, we prospectively validated the performance
of KG-7, which is a novel screening tool suitable for an out-
patient oncology clinic setting with low resources and high
patient burden to identify patients in need of full GA [17].
KG-7 could identify patients with abnormal GA with com-
parable performance with G-8. Furthermore, KG-7 showed
a prognostic value for OS.

KG-7 consists of seven easy-to-answer questions. In the
previous development study, several characteristics of KG-7
have been reported to be noteworthy when compared with
the characteristics of other screening tools [17]. First, KG-7
was based on a large GA dataset, which included the stan-
dard method in evaluating older patients. Second, the items
in each domain of KG-7 were rearranged to encompass the 
entire GA and distributed evenly across each essential 
domain. Third, KG-7 was developed with the consideration
of its applicability to cancer patients. Finally, KG-7 showed
the prognostic value. 

In a previous systematic review, SE and SP of each screen-
ing tool for predicting frailty on GA was various, ranging
from 25% to 92% and 39% to 100%, respectively, depending
on the definition of abnormal GA, prevalence of abnormal
GA, enrolled population, and applied tools [9]. They did not
show enough of a discriminative value to be applicable in
routine practice. Recently, it has been reported that modify-
ing or adding relevant items enhanced the SE and SP of the
current tools [28,29]. Based on these findings, KG-7 showed
affordable accuracy in this validation study (SE, SP, PPV,
NPV, BA, and AUC were 75.7%, 59.7%, 84.4%, 46.0%, 67.7%,
and 0.745, respectively). This value was somewhat attenu-
ated compared to those reported in development cohort and
retrospective cohort receiving first-line palliative chemother-
apy [17]. This could be explained by lower incidence of 
abnormal GA (66.4% vs. 79.5%). However, in comparison
with G-8, our study showed similar AUC value, although SE
and NPV of KG-7 were slightly lower than those of G-8. SP
and PPV were higher than those of G-8. Furthermore, BA
was higher in KG-7 than in G-8.    

GA should reflect various social and cultural aspects. Body
mass index selected in G-8 is not acceptable for older Asian
patients with cancer due to relatively smaller body mass 
indexes compared with older Western patients with cancer.
Therefore, a modified or novel tool was necessary to meet
the characteristics of Asian clinical setting and population.
KG-7 is the first validated screening tool in older Asian 
patients with cancer. 

The percentage of patients with a normal score of KG-7
was higher in this validation study than that in the previous
development cohort study (33.6% vs. 20.5%) [17]. The per-

centage of patients with a normal score of G-8 was also
higher in this study population than in the previous study
(12.3% vs. 9.2%). This can be attributed to the characteristics
of patients enrolled. In this validation study, candidates for
first-line palliative chemotherapy were included prospec-
tively, and all patients were fit to receive chemotherapy on
physician’s decisions and were able to provide informed con-
sent. This result suggests that KG-7 may be a good, func-
tional screening tool, of which results could be different
according to characteristics of patients.

In this validation study, prognostic factors of enrolled 
patients were homogeneous. Most patients had good per-
formance status of Eastern Cooperative Oncology Group
performance status 0-1 and less comorbidity of low/medium
Charlson risk index. All patients were candidates for first-
line palliative chemotherapy. Nevertheless, according to the
KG-7 score, OS was significantly discriminated, similar to a
previous study [17]. The findings of this study indicate that
KG-7 is a good tool for routine practice as it provides not
only screening but also prognosis. 

There are some limitations in this study. First, KG-7 was
obtained by face-to-face interview before full GA; however,
the scores of G-8 were retrieved using MNA and age. Hence,
our study is not a head-to-head comparison between KG-7
and G-8. However, because items of G-8 are identical to cor-
responding items of MNA and it was collected prospectively,
the results of G-8 should be reliable. Although indirect, the
comparison performed in this study between KG-7 and G-8
should provide the reader with the relative performance of
KG-7. Second, this study was conducted as a substudy of 
another prospective, longitudinal, and multicenter cohort
study. The validation of KG-7 was the secondary outcome of
another study. However, GA was the essential data in the
primary study and KG-7 was collected in all patients. Timing
of obtaining KG-7 before GA was followed with great atten-
tion. Further studies are necessary to determine whether a
two-step approach using KG-7 screening followed by full GA
impacts patient outcome, including toxicity, chemotherapy
completion rate, and ultimate survival of older cancer pati-
ents. Finally, abnormal GA was defined as two or more defi-
cits of GA domains in our study, which have been used in
many studies related with geriatric screening tools. Older 
patients with cancer who have only one deficit of GA domain
should be identified to provide a proper geriatric interven-
tion to correct the deficit.

In this study, we have validated the usefulness of KG-7 as
a screening tool in older patients with cancer planned to 
receive first-line palliative chemotherapy. We showed that
KG-7 was comparable to G-8. Moreover, OS was discrimi-
nated according to KG-7 scores. KG-7 could be used effec-
tively in countries with high patient burden and low resour-
ces to select patients in need of full GA. 
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ERRATUM: Caveolin-1 Modulates Docetaxel-Induced Cell Death in
Breast Cancer Cell Subtypes through Different Mechanisms

Erratum 

Jinho Kang, BS1, Joo Hee Park, MD1, Hye Jin Lee, BS1, Ukhyun Jo, PhD1, Jong Kuk Park, PhD2, Jae Hong Seo, MD, PhD1, 
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Correction to: Cancer Res Treat. 2016 Apr;48(2):715-726; http://doi.org/10.4143/crt.2015.227

For the data represented in Fig. 4B, we have generated a new figure from one of these repeat experiments. The experiments
were done using the same cells, and antibodies according to our laboratory’s standard operating procedures and the experi-
ments were performed by the same individual. As the figure shown, these data do not change the outcome of the original
paper. The correct version of the figure is below.
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