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Subdivision of Nasopharyngeal Carcinoma Patients with 
Bone-Only Metastasis at Diagnosis for Prediction of Survival and
Treatment Guidance

Original Article

Purpose

The purpose of this study was to subdivide M1 stage nasopharyngeal carcinoma (NPC) pati-

ents with bone-only metastases for prognosis prediction while identifying the treatment 

effect of locoregional radiotherapy (LRRT) and metastasis radiotherapy (MRT) among pati-

ents with different risk.

Materials and Methods

From November 2006 to October 2016, a total of 226 patients with bone-only metastasic

NPC were retrospectively enrolled. All patients developed distant lesions before receiving

treatment. All potential prognostic factors were considered and the correlation of the M1

subdivisions with overall survival (OS) was determined by Cox regression hazards model.

Kaplan-Meier curves were used to appraise survival condition and log-rank testing was used

to compare the differences. 

Results

The median follow-up time was 33.9 months (range, 3 to 126 months). According to multi-

variate Cox proportional hazard analysis, the number of metastatic lesions and Epstein-Barr

virus (EBV) DNA status after palliative chemotherapy (PCT) were independent prognostic

factors for OS. Thus, we subdivided patients into three risk groups according to these two

factors. Systemic chemotherapy combined with LRRT may benefit patients in low- and 

intermediate-risk groups but not in the high-risk group. Further aggressive MRT based on

systemic chemotherapy showed no survival benefit in any risk group.   

Conclusion

The stratification of NPC patients with bone-only metastasis based on EBV DNA after PCT

and the number of metastatic lesions provided promising prognostic value and could aid

clinicians in person-specific treatment.

Key words
Nasopharyngeal carcinoma, Metastasis, Epstein-Barr virus, 

Radiotherapy, Survival
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Introduction

Nasopharyngeal carcinoma (NPC) is a malignancy consid-
ered to be epidemic in east and Southeast Asia, especially in
Southern China. Indeed, it has been notoriously described as
Canton Tumor. There were 86,700 new cases of NPC and
50,800 deaths reported worldwide in 2012 [1]. NPC is distin-
guished from other head and neck carcinomas by geographic
distribution, where Epstein–Barr virus infection is a major
precipitant and has great tendency to result in distant metas-
tases [2]. Due to the concealed location of the nasopharynx,
many patients tend to be at an advanced stage of disease at
initial diagnosis. A previous study reported that approxi-
mately 15% NPC patients were diagnosed as having metas-
tasis before any treatment [3]. Survival times vary widely in
NPC patients with distant metastasis at initial diagnosis [4,5].
However, the TNM stage, which is widely used to aid clini-
cians in prognosis prediction, has shown no value in staging
patients diagnosed as having M1 stage. Thus, stratifying the
patients with metastatic NPC is necessary for clinicians to
classify patients and guide appropriate treatment [6].

Bone metastasis is the most frequently metastatic site, with
an estimated incidence of 54%-80% [7-9]. Thus, there is a
need for a prognostic model to predict survival risk in those
with metastasis. Shen et al. [5] divided bone metastatic NPC
into three risk groups using spine involvement factors and
metastatic sites number. Similarly, Chen et al. [10] estab-

lished a prognostic score using six factors to discriminate 
patients into low-/high-risk groups. However, both studies
involved patients who developed metastasis after initial
treatment. Besides, Epstein-Barr virus (EBV) DNA, which is
an important biomarker for NPC, was not included in the
analysis [11]. Platinum-based combination chemotherapy is
recommended for metastatic NPC patients according to the
National Comprehensive Cancer Network (NCCN) guide-
lines [12]. However, there is no standard model which con-
siders whether radiotherapy should be applied to patients
with primary head and neck tumors with distant metastases.
Studies focusing on the application of ablative treatment to
the metastasis site are rare. 

Therefore, the purpose of our study was to divide patients
with bone-only metastasis into different risk groups. Further-
more, we aimed to investigate whether these patients could
benefit from locoregional radiotherapy (LRRT) and metasta-
sis radiotherapy (MRT) in the different risk groups. 

Materials and Methods

1. Patients

Between November 2006 and October 2016, 226 consecu-
tive newly diagnosed bone-only metastatic NPC patients in

Cancer Res Treat. 2019;51(4):1259-1268

NPC patients diagnosed in SYSUCC from 2006 to 2010 (n=11,235)

Patients with metastatic lesions at diagnosis (n=793)

Bone-only mNPC patients diagnosed in SYSUCC (n=266)

Bone mNPC patients treated in SYSUCC (n=239)

Bone mNPC patients involved in study (n=226)

Without metastatic lesions

Other site metastatic lesions 

No anti-cancer treatment 

No complete treatment information
or lost during follow-up

or do not meet the inclusion criteria

Fig. 1. Flow chart for patient inclusion. NPC, nasopharyngeal carcinoma; SYSUCC, Sun Yat-sen University Cancer Center;
mNPC, metastatic nasopharyngeal carcinoma.
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Sun Yat-sen University Cancer Center (SYSUCC), China,

were enrolled in our analysis. The inclusion criteria were as

follows: (1) pathological diagnosis of NPC; (2) cisplatin-

based palliative chemotherapy (PCT); (3) Karnofsky perfor-

mance score > 70; (4) adequate organ function (white blood

cell > 4.0!10/L; neutrophil > 2.0!10/L; hemoglobin > 90 g/L;

platelet > 100!109/L; aspartate aminotransferase/alanine

transaminase < 2.5 upper limit of normal; Ccr > 60 mL/min);

and (5) absence of pregnancy, lactation, and other malignant

disease. The flow chart is described in Fig. 1. Routine evalu-

ations were performed on patients, including physical exam-

ination, electrocardiography, head and neck magnetic reso-

nance imaging (MRI) with contrast, nasopharyngoscopy and

biopsy, chest and abdominal computed tomography (CT)

with contrast and bone scan. The positron emission tomog-

raphy computed tomography (PET-CT) was considered as

an alternative to whole body examination. Whether patients

have initial bone metastasis were based on the image diag-

nostic report before treatment. Bone metastasis was taken

into consideration when either emission computed tomog-

raphy or PET-CT showed evidence of bone lesions. Besides,

other examines or PET-CT could not find metastasis in other

organs. These patients were defined as the initial bone-only

metastasis patients. Two radiologists determined all image

diagnostic reports on the basis of the imaging diagnosis cri-

teria. Plasma EBV DNA measurement was routinely per-

formed and further examinations were considered when

necessary. 

2. Chemotherapy and radiation therapy

All eligible patients received the cisplatin-based combina-

tion PCT. Common PCT regimens included TPF (docetaxel

[60 mg/m2 day 1] combined with cisplatin [60 mg/m2 day 1]

plus 5-fluorouracil [500-800 mg/m2, 120 hours]), PF (cisplatin

[20-25 mg/m2 days 1-3] combined with 5-fluorouracil [800-

1,000 mg/m", 120 hours]), and TP (docetaxel [75 mg/m2, day

1] combined with cisplatin [20-25 mg/m2, days 1-3]). Chemo-

therapy was administered intravenously every 3 weeks.

After PCT, 157 patients and 68 patients experienced LRRT

and MRT respectively, using intensity modulated radiation

therapy (IMRT) or two-dimensional conventional radiother-

apy. The total dose of radiotherapy was 68-70 Gy for the 

nasopharynx and neck and 30-40 Gy for the metastatic site,

5 times a week, at approximately 2 Gy per fraction. The 

detailed design of the IMRT plan was generated using pre-

vious studies [13].

3. Outcome and follow-up 

The primary endpoint of this study was overall survival

(OS), which was defined as the time from the date of diag-

Table 1. Patient characteristics in our cohort

PCT, palliative chemotherapy; EBV, Epstein-Barr virus;

TPF, cisplatin plus docetaxel plus 5-fluorouracil; TP, cis-

platin plus docetaxel; PF, cisplatin plus 5-fluorouracil;

LRRT, locoregional radiotherapy; MRT, metastasis radio-

therapy. a)According to the 7th edition of the Union for 

International Cancer Control/American Joint Committee

on Cancer  staging system, b)Undetectable/detectable EBV

DNA levels after neoadjuvant chemotherapy are based on

a cut-off value of 0 copy/mL.

Characteristic No. (%)

Age (yr)

Median (range)

# 47 114 (50.4)

> 47 112 (49.6)

Sex

Male 188 (83.2)

Female 38 (16.8)

No. of metastatic lesions

# 3 132 (58.4)

> 3 94 (41.6)

T categorya)

T1 11 (4.9)

T2 31 (13.7)

T3 111 (49.1)

T4 73 (32.3)

N categorya)

N0 7 (3.1)

N1 42 (18.6)

N2 97 (42.9)

N3 80 (35.4)

PCT regimen

TPF 64 (28.3)

TP 60 (26.5)

PF 56 (24.8)

Other regimens 46 (20.4)

Pre-EBV DNA (copy/mL)

< 25,000 113 (50.0)

$ 25,000 113 (50.0)

EBV DNA after PCT

Undetectableb) 128 (56.6)

Detectableb) 98 (43.4)

LRRT

Yes 157 (69.5)

No 69 (30.5)

MRT

Yes 68 (30.1)

No 158 (69.9)



nosis to the date of death of any cause. Patients were inspec-
ted every 3 months in the first 3 years and every 6 months
thereafter until death. A series of evaluations were conduc-
ted including physical examination, nasopharyngoscopy,
MRI with contrast of head and neck, CT/magnetic resonance
with contrast of the metastatic sites, abdominal sonography,
chest radiography and plasma EBV DNA measurement.
PET-CT was considered when necessary. 

4. Statistical analyses

Time-to-event data in different subgroups were analyzed
using Kaplan-Meier curves and compared with the log-rank
test. Univariable and multivariable Cox regression analyses
were used to estimate the hazard ratios (HRs) and 95% con-
fidence intervals (CIs) for the relationship between the char-
acteristic and overall survival. Statistical analyses were per-
formed using the SPSS (Mac ver. 21.0, IBM Corp., Armonk,

Cancer Res Treat. 2019;51(4):1259-1268

Characteristic

Univariable analyses Multivariable analyses

Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value

Age (yr)

! 47 Reference Reference
> 47 1.07 (0.73-1.56) 0.728 0.86 (0.58-1.29) 0.467

Sex

Male Reference Reference
Female 1.05 (0.63-1.745) 0.846 1.30 (0.77-2.19) 0.336

No. of metastatic lesions

! 3 Reference Reference
> 3 2.53 (1.72-3.72) < 0.001 1.92 (1.26-2.94) 0.003

T categorya)

T1-2 Reference Reference
T3-4 1.01 (0.62-1.65) 0.964 1.05 (0.63-1.73) 0.857

N categorya)

N0-1 Reference Reference
N2-3 1.97 (1.19-3.28) 0.009 1.69 (0.99-2.90) 0.054

PCT regimen

TPF Reference Reference
TP 1.05 (0.61-1.81) 0.850 1.07 (0.61-1.88) 0.819
PF 1.23 (0.73-2.06) 0.433 1.39 (0.80-2.41) 0.242
Other regimens 1.41 (0.82-2.43) 0.218 1.61 (0.91-2.84) 0.104

Pre-treatment EBV DNA (copy/mL)

< 25,000 Reference Reference
" 25,000 1.75 (1.19-2.58) 0.005 1.14 (0.73-1.79) 0.567

EBV DNA after PCT

Undetectableb) Reference Reference
Detectableb) 2.79 (1.90-4.11) < 0.001 1.91 (1.23-2.96) 0.004

LRRT

No Reference Reference
Yes 0.39 (0.27-0.59) < 0.001 0.48 (0.31-0.75) 0.001

MRT

No Reference Reference
Yes 0.77 (0.50-1.19) 0.243 1.21 (0.76-1.91) 0.422

CI, confidence interval; PCT, palliative chemotherapy; TPF, cisplatin plus docetaxel plus 5-fluorouracil; TP, cisplatin plus
docetaxel; PF, cisplatin plus 5-fluorouracil; EBV, Epstein-Barr virus; LRRT, locoregional radiotherapy; MRT, metastasis 
radiotherapy. a)According to the 7th edition of the Union for International Cancer Control/American Joint Committee on
Cancer staging system, b)Undetectable/detectable EBV DNA levels after neoadjuvant chemotherapy were based on a cut-
off value of 0 copy/mL, a Cox proportional hazard model was used to perform multivariate analyses.

Table 2. Univariable analysis and multivariable analysis for overall survival in our cohort
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NY). All statistical tests in our study were 2-tailed. p < 0.05

was considered to represent statistical significance.

5. Ethical statement

At our center, all patients signed informed consent prior

to treatment, including their consent to treatment and clinical

information for further prognostic analysis. This study was

approved by the Research Ethics Committee of the Sun Yat-

sen University Cancer Center, China.

Results

1. Patient characteristics and OS

Among all 226 patients, the median age was 47 years

(range, 18 to 74 years). Patients in our cohort were from NPC

endemic areas with a male predominance (83.2%). All pati-

ents underwent first-line PCT. After PCT, 157 patients

(69.5%) underwent LRRT and 69 patients (30.1%) underwent

MRT. With respect to number of lesions, 94 patients (41.6%)

had more than three metastatic lesions. EBV DNA was 

detected in 207 patients (91.6%) before PCT and only 98 pati-

ents (43.4%) had detectable EBV DNA levels after PCT. Other

Xue-Song Sun, Subdivision of Bone-mNPC Patients and Treatment

Fig. 2.  (A) Kaplan-Meier overall survival curves in 226 patients with bone-only metastatic nasopharyngeal carcinoma. 

Patients grouped by the number of metastatic lesions by Epstein-Barr virus (EBV) DNA after palliative chemotherapy (PCT)

(B); by combination of lesion numbers and EBV DNA after PCT (C) and by risk stratification (D).
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characteristics of the 226 patients are listed in Table 1. The
median follow-up time was 33.9 months (range, 3 to 126
months). During follow-up, 105 patients died of tumor pro-
gression and two patients died of treatment-related toxicities. 

2. Univariable analysis and multivariable analysis 

All potential prognostic factors were considered in the Cox
proportional hazards model. The cut-off value of the number
of metastatic lesions for patient outcome was determined by
receiver operating characteristic (ROC) curve analysis 
(3 metastasis lesions). The pre-treatment EBV DNA level was
categorized based on the median value (25,000 copies/mL).
The EBV DNA after PCT was scored on the basis of a detec-
table/undetectable scale (a cut-off value of 0 copy/mL). Uni-
variate analysis showed that the number of metastatic lesions,
N category, pre-treatment EBV DNA, EBV DNA post-PCT,
and LRRT were significantly associated with OS among 
patients with bone metastasis at primary diagnosis. In con-
trast, only the number of lesions, EBV DNA post-PCT, and
LRRT remained significant in the multivariate analysis
(Table 2). The Kaplan-Meier survival curves in patients are
shown in Fig. 2A and B. 

3. Risk stratification

According to the independent prognostic factors, we sub-
divided all patients into four subgroups: group A, three or
fewer metastatic lesions and undetectable EBV DNA after
PCT; group B, more than three metastatic lesions and unde-
tectable EBV DNA after PCT; group C, three or fewer metas-
tatic lesions and detectable EBV DNA after PCT; and group
D, more than three metastatic lesions and detectable EBV
DNA after PCT. Further pair-wise comparisons showed that
group B and group C were not significantly different (p=
0.764), and that they both had significantly lower survival
rates than group A. They also had a higher survival rate than
group D (S1 Table). Thus, we combined group B and group
C as the intermediate-risk subgroup, with groups A and D

serving as the low-risk and high-risk groups, respectively.
Kaplan-Meier survival curves are shown in Fig. 2C and D.
The survival rate and multivariate analysis for patients in dif-
ferent risk groups are listed in Table 3.   

4. Treatment outcome for those in different risk levels 

We further explored the impact of combined LRRT or MRT
among patients with bone-only metastatic NPC in different
risk groups. In the low- and intermediate-risk groups, the OS
rate was significantly higher in patients treated with LRRT
(p=0.006 and p=0.005, respectively), while there was no sur-
vival benefit observed in high-risk patients (p=0.918) 
(Fig. 3A-C). Furthermore, patients in any risk group received
no benefit from MRT (Fig. 3D-F). Then, we conducted strat-
ified multivariate analysis for the different risk groups. HR
was adjusted for age, sex, and other confounding variables.
Fig. 4 showed the six groups of patients stratified by treat-
ment modality and risk groups. Adjusted HR for OS increa-
sed from those in low-, intermediate-, and high-risk groups
in all treatment modalities. LRRT was an independent prog-
nostic factor in the low- and intermediate-risk groups (HRlow,
0.23; 95% CI, 0.09 to 0.61; p=0.003; HRintermediate, 0.40; 95% CI,
0.21 to 0.76; p=0.005). However, MRT was not associated
with a better OS in all groups of patients (Table 4). 

Discussion

Bone is the most frequently involved organ in metastatic
NPC patients [7-9]. In this study, we included 226 NPC pati-
ents with bone metastasis at primary diagnosis. This was
based on the large cohort of bone-only metastasis NPC pati-
ents from endemic areas. OS among these patients ranged
from 3 to 126 months, which indicates that long-term sur-
vival is possible in these patients. Therefore, it is necessary
to find reliable prognostic factors that can be used to predict

Cancer Res Treat. 2019;51(4):1259-1268

Risk group

Survival rate Multivariable analyses

3-Year 5-Year Adjusted HR 95% CI p-value

Low-risk 80.0 66.7 Reference
Intermediate-risk 54.9 41.3 2.24 1.33-3.75 0.002
High-risk 37.8 11.6 3.69 2.01-6.79 < 0.001

Survival rate was calculated from Kaplan-Meier curve. Multivariable Cox regression model adjusted for age, sex, T category,
N category, and pre-treatment Epstein-Barr virus DNA; palliative chemotherapy regimen, locoregional radiotherapy, and
metastasis radiotherapy. CI, confidence interval.

Table 3. Survival rate and multivariable analysis for overall survival of patients in different risk groups
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Fig. 3.  Comparison of overall survival of patients in the locoregional radiotherapy (LRRT) and non-LRRT group: low-risk
patients (A), intermediate-risk patients (B), and high-risk patients (C). Comparison of overall survival in patients in the
metastasis radiotherapy (MRT) and non-MRT group: low-risk patients (D), intermediate-risk patients (E), and high-risk 
patients (F).
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survival more accurately, and guide appropriate treatment.
Consequently, we explored the prognostic factors and the 
effect of treatment methods among them. There were several
notable finding in our study. First, the number of metastatic
lesions and EBV-DNA level are independent prognostic fac-
tors for OS in NPC patients with bone metastasis and these
could be used as a basis for risk stratification. Secondly,
LRRT was a valid therapeutic method, which should be com-
bined with PCT in low- and intermediate-risk patients. Thir-
dly, MRT did not confer any survival benefit in any risk
groups in our analysis. Thus, local treatment of distant metas-
tasis should be carefully considered in clinical application. 

EBV DNA, which is measured by real-time quantitative
polymerase chain reaction, has been demonstrated to be
closely associated with NPC [14]. In non-metastatic NPC 
patients, several studies have verified the prognostic value

of EBV DNA levels before treatment (pre-EBV DNA) and
EBV DNA levels after concurrent chemoradiation therapy/
radiotherapy (post-EBV DNA) [15,16]. In local advanced 
patients NPC who undergo induction chemotherapy (IC) 
before radiotherapy, our previously study showed that 
patients had undetectable EBV DNA after IC achieved higher
progression-free survival and distant metastasis-free survival
compared with patients who had detectable EBV DNA after
IC [17]. Moreover, in metastatic/recurrent NPC patients, the
predictive value of EBV for prognosis has also been demon-
strated [18]. In our study, the plasma EBV DNA level was
measured before treatment and after PCT in all patients. Uni-
variate analysis showed that the EBV DNA level at these two
time points was both associated with OS of NPC patients
with bone-only metastasis, while detection of EBV DNA after
PCT remained significant in multivariate analysis, indicating

Cancer Res Treat. 2019;51(4):1259-1268

Fig. 4.  Adjusted hazard ratios (HRs) for overall survival stratified by risk group and locoregional radiotherapy (LRRT) (A)
or metastasis radiotherapy (MRT) (B) in patients with bone-only metastatic nasopharyngeal carcinoma. The low-risk group
not combined with LRRT/MRT was the reference group (HR, 1). The adjusted variables were age, sex, T category, N category,
and pre-treatment Epstein-Barr virus DNA.

A
Ad

ju
st

ed
 H

R
fo

r o
ve

ra
ll s

ur
viv

al
2.0

1.6

0

0.4
0.2

0.6

1.0
0.8

Low-risk
group

Intermediate-
risk group

High-risk
group

1.2
1.4

1.8
LRRT
Non-LRRT

p=0.003

p=0.005 p=0.660
B

Ad
ju

st
ed

 H
R

fo
r o

ve
ra

ll s
ur

viv
al

5.5

4.5

0

1.5

0.5

2.0

1.0

3.0
2.5

Low-risk
group

Intermediate-
risk group

High-risk
group

3.5
4.0

5.0
MRT
Non-MRT

p=0.110

p=0.907

p=0.566

Treatment modality

Multivariable analyses

Adjusted HR 95% CI p-value

LRRT (yes vs. no)

Low-risk 0.23 0.09-0.61 0.003
Intermediate-risk 0.40 0.21-0.76 0.005
High-risk 0.85 0.41-1.76 0.660

MRT (yes vs. no)

Low-risk 1.98 0.54-2.90 0.110
Intermediate-risk 1.05 0.50-2.21 0.907
High-risk 0.76 0.29-1.95 0.566

Multivariable cox regression model adjusted for age, sex, T category, N category, and pre-treatment Epstein-Barr virus DNA.
HR, hazard ratio; CI, confidence interval; LRRT, locoregional radiotherapy; MRT, metastasis radiotherapy.

Table 4. Multivariable analysis for overall survival by treatment modality in stratified risk groups
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that undetectable EBV DNA after PCT was a better prognos-
tic factor in these types of patients.

The number of metastatic lesions was closely related to the
tumor burden. In metastatic NPC patients, several studies
have demonstrated that patients with single metastasis
achieve higher OS compared with patients with multiple
metastases [19,20]. According to the results of studies assess-
ing other types of malignancy, patients with multiple bone
metastases also had poor clinical outcome [21-23]. However,
few studies have focused on the prognostic value of the 
lesion number in survival among NPC patients with bone-
only metastasis. In our study, the cut-off values of lesion
number for OS was three based on the ROC analysis. We
then considered this as a potential prognostic factor, which
was included in univariate and multivariate analysis. It is 
intriguing that the number of lesions was an independent
factor for OS in the multivariate analysis. Our result was in
accordance with a previous study [5]. These findings suggest
that more than three metastatic lesion could be used to 
establish risk stratification in bone-only metastatic NPC pati-
ents. 

The treatment strategy for metastatic NPC patients remains
a subject of great debate [24]. Platinum-based PCT is the most
widely used treatment in these types of patients with objec-
tive response rates of 55%-80% [25,26]. Recently, several
studies demonstrated that local control of primary tumor by
radiotherapy could prolong survival [4,19,27]. Moreover, 
according to the NCCN guidelines, LRRT could benefit
metastatic NPC patients with limited sites or with low tumor
burden [12]. Thus, there still remains the issue of who will
benefit from the combined treatment and further studies are
required to resolve this. In the stratified analysis, we found
that LRRT significantly improved OS in low- and intermedi-
ate-risk patients but conferred no benefit to high-risk pati-
ents. In accordance with the American College of Radiology
therapeutic guidelines for bone metastasis, the management

of patients with serious illnesses or conditions should con-
centrate on improving end-stage quality of life and maintain-
ing neurological function [28]. In effect, aggressive treatment
is not a suitable treatment for such individuals. 

There is no consensus on whether local treatment of metas-
tatic lesions is associated with a better OS in bone metastasis
NPC patients due to the limited number of studies, which
comprise small numbers of cases. In some case reports, radio-
therapy of metastatic lesions has been observed to bring sur-
vival benefits for patients with bone-only oligometastatic
lesions [29,30]. However, according to our results, all patients
did not attain survival benefit from MRT, even for patients
considered to be low risk. It has been suggested that better
survival outcome in patients with bone-only oligometastatic
lesions may be due to systemic PCT and LRRT, and not to
MRT.

There were several limitations to our study. First, ours was
a retrospective study so the evidence supporting these con-
clusions is not sufficient or convincing because of the poten-
tial for selective bias. Secondly, the cohort was obtained from
an endemic area in one treatment center and may not be gen-
erally representative of patients with bone-only metastatic
NPC. Finally, only 226 patients were involved in the study
duo to the low incidence rate. For these reasons, a multi-
institutional prospective study is necessary to validate our
results in the future. 
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Purpose
Treatment targeting immune checkpoint with programmed death-1 (PD-1)/programmed
death-ligand 1 (PD-L1) inhibitors has demonstrated efficacy and tolerability in the treatment
of metastatic urothelial carcinoma (mUC). We investigated the efficacy and safety of ate-
zolizumab in mUC patients who failed platinum-based chemotherapy.

Materials and Methods
A retrospective study using the Samsung Medical Center cancer chemotherapy registry was
performed on 50 consecutive patients with mUC treated with atezolizumab, regardless of
their PD-L1 (SP142) status, as salvage therapy after chemotherapy failure between May
2017 and June 2018. Endpoints included overall response rate (RR), progression-free sur-
vival (PFS), and safety.  

Results
Among 50 patients, men constituted 76% and the median age was 68 years (range, 46 to
82 years). Twenty-three patients (46%) received atezolizumab as second-line therapy. 
PD-L1 (SP142) status IC0/1 and IC2/3 were found in 21 (42%) and 21 (42%) of patients,
respectively; in eight patients (16%), PD-L1 (SP142) expression was not available. Ate-
zolizumab was generally well tolerated, with pruritus and fatigue being the most commonly
observed toxicities. As a result, partial response was noted in 20 patients (40%), with 12
(24%) stable diseases. RR was higher in IC2/3 (62%) than in IC0/1 patients (24%, p=0.013).
The median PFS was 7.4 months (95% confidence interval, 3.4 to 11.4 months). As 
expected, PFS also was significantly longer in IC2/3 patients than in IC0/1 (median, 12.7
vs. 2.1 months; p=0.005). PFS was not significantly influenced by age, sex, performance
status, number of previous chemotherapy, site of metastases, or any of the baseline labo-
ratory parameters. 

Conclusion
In this retrospective study, atezolizumab demonstrated clinically efficacy and tolerability in
unselected mUC patients who failed platinum-based chemotherapy.
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Introduction

Bladder cancer, the seventh most common malignancy in
Korea [1], is the most frequent among urothelial carcinoma
(UC) that also include the less common UC arising from
renal pelvis, ureter and urethra. Over the past two decades,

there has been no significant improvement in survival of UC
with 5-year survival rates for locally-advanced and metasta-
tic disease of 33% and 5%, respectively [2]. In metastatic UC
(mUC), platinum-based combination chemotherapy has been
the standard-of-care with a median overall survival (OS) of
approximately 15 months [3]. Recently, programmed death-
1 (PD-1) and programmed death-ligand 1 (PD-L1) check-



point inhibitors including atezolizumab and pembrolizumab
received approval for the treatment of patients with mUC
who have disease progression during or following platinum-
based chemotherapy, regardless of PD-L1 expression level
[4,5]. In Korea, although reimbursement is provided only for
patients with PD-L1 positive disease since the approval in
May 2017, atezolizumab has been widely administered to
mUC patients pretreated with platinum-based chemother-
apy.

Despite promising clinical data with immune checkpoint
inhibitors, not all patients with mUC who are treated with
atezolizumab achieve clinical response, and even in the res-
ponders, resistance to therapy will, if not all, eventually 
develops. Considering most mUC patients would receive
platinum-based chemotherapy in first-line setting, and in an
effort to generate real-world data in Korean mUC patients,
we conducted a retrospective review of a prospectively col-
lected cancer chemotherapy registry. Herein, we report the
outcomes of mUC patients who received atezolizumab fol-
lowing clinical failure to platinum-based chemotherapy. 
Although this study is limited by the retrospective nature of
the analysis, the present evaluation was also done with the
intent to develop improved therapeutic strategies for pre-
treated mUC patients and support further prospective stud-
ies to better define the full therapeutic potential of immune
checkpoint inhibitors.

Materials and Methods

1. Patients and samples

All patients, with histologically-proven mUC, had been
treated with platinum-based combination chemotherapy for
metastatic disease. With the help of Samsung Medical Center
(SMC) cancer registry, we retrospectively collected and 
reviewed follow-up data of adult mUC patients (> 20 years)
who were consecutively treated with atezolizumab as sal-
vage therapy, between May 2017 and June 2018. Other crite-
ria for case inclusion were as follows: (1) histologically
confirmed diagnosis of UC arising from bladder and/or
upper urinary tract, (2) presence of measurable metastatic
disease, and (3) availability of clinical data at the beginning
of therapy and follow-up. We excluded patients who were
enrolled in clinical trials to ensure the study population re-
flected our daily clinical practice, and the choice of ate-
zolizumab was solely at the discretion of the treating
oncologists.

In all patients, archival tumor samples were evaluated
with SP142 PD-L1 immunohistochemical assay (Ventana,

Tucson, AZ). According to the current Korean Health Insur-
ance policy, only patients with PD-L1 expression on 5% or
more of tumor-infiltrating immune cells (IC2/3) were reim-
bursed for atezolizumab. For patients with PD-L1 (SP142)
IC0 or IC1, as well as those with no available PD-L1 data, ate-
zolizumab was self-paid in full. Atezolizumab 1,200 mg was
administered intravenously every 3 weeks. Supportive care
including the administration of blood products, palliative 
radiotherapy for painful bone metastases, and the use of
analgesics was given if judged appropriately by the treating
physicians. Before initiating the first dose of atezolizumab,
patients had a complete history taken, complete blood counts

Cancer Res Treat. 2019;51(4):1269-1274

Table 1. Patient characteristics

ECOG, Eastern Cooperative Oncology Group; M-VAC,
methotrexate+vinblastine+doxorubicin+cisplatin; CMV,
cisplatin+methotrexate+vinblastine; PD-L1, programmed
death-ligand 1; IC, immune cell.

Characteristic No. (%)

Age, median (range, yr) 68 (46-82)
Sex

Male 38 (76)
Female 12 (24)

ECOG performance status

0 19 (38)
1 29 (58)
2 2 (4)

Primary site

Bladder 28 (56)
Upper tract (renal pelvis or ureter) 22 (44)

Prior chemotherapeutic regimens

Gemcitabine plus platinum 50 (100)
Taxanes 24 (48)
M-VAC or CMV 5 (10)
Investigational agents 3 (6)
Pemetrexed 2 (4)

Line of atezolizumab therapy

Second-line 23 (46)
Third-line 19 (38)
Fourth-line or later 8 (16)

PD-L1 IC expression (%)

0 3 (6)
1-4 18 (36)
5 or higher 21 (42)
Unknown 8 (16)

Sites of metastases

Lymph nodes 40 (80)
Bone 15 (30)
Lung 16 (32)
Liver 8 (16)
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and serum chemistries, chest X-rays, and computed tomog-
raphy (CT) scans of all involved sites. Baseline characteristics
and outcome data were collected using a uniform case report
form. In order to evaluate clinical response to atezolizumab,
CT scans were usually performed every 6 weeks. Response
Evaluation Criteria in Solid Tumors (RECIST v1.1) and the
assessment of the treating physicians were used to categorize
response. Atezolizumab was continued until objective dis-
ease progression, unacceptable toxicity, or patient’s refusal.

Primary endpoint of the present study was the overall 
response rate (RR). Secondary endpoints included progres-
sion-free survival (PFS) and safety. Time from the first day
of atezolizumab administration to the date of documented
disease progression or death was used to calculate PFS. PFS
was calculated using the Kaplan-Meier method. To examine
the impact of baseline parameters collected on PFS, Cox pro-
portional hazard model was used. The potential presence of
interaction effects between baseline parameters was tested
by defining product terms for the respective factors in a 
regression model. All p-values were two-sided, with p < 0.05
indicating statistical significance. All analyses were per-
formed using the R for Windows v2.11.1 software (R Core
Team, Vienna, Austria; http://www.r-project.org).

2. Ethical statement

This retrospective study was approved by the Institutional
Review Board of SMC (approval number: SMC 2018-02-016)
and performed in accordance with the principles of the Dec-
laration of Helsinki. Written informed consent was waived
for this study, because of its retrospective nature.

Results

Medical records from 50 eligible patients who were con-
secutively treated with atezolizumab for pretreated mUC at
the medical oncology department of SMC between May 2017
and June 2018 were collected for the present retrospective
study. Patient characteristics are given in Table 1. As shown,
men constituted 76% of the patients. All patients had previ-
ously been treated with gemcitabine plus platinum combi-
nation chemotherapy, and 46% received atezolizumab as
second-line therapy. Among 42 patients whose PD-L1 
expression was available, 21 (50%) had IC2/3 (i.e., 5% or
higher). Approximately half of the patients had two or more
metastatic disease sites, mostly involving lung, bone and
lymph nodes. At the time of data collection, with a median
follow-up duration of 14 months, 33 patients (66%) discon-
tinued atezolizumab and 32 patients (64%) had experienced
disease progression.

Patients received atezolizumab for a total of 318 cycles
(median, 5; range, 1 to 17). The most common reason for ther-
apy discontinuation was disease progression (58%), followed
by toxicity (4%) and economic burden (4%). Overall, salvage
atezolizumab was generally well tolerated, with fatigue and
pruritus being the most commonly observed toxicities (Table 2).
Severe and persistent immune-related adverse events result-
ing in treatment discontinuation were observed in two pati-
ents. Three patients (6%) had an immune-related adverse
event that necessitated systemic corticosteroid use. One pati-
ent died of causes whose relation to atezolizumab could not
be completely ruled out (68-year-old male, who was known
to have multiple lung and pleural metastases, died of respi-

Joon Young Hur, Atezolizumab for Pretreated UC

Table 2.  Most commonly observed adverse events per patients (n=50)
All grades Grade 3 or 4

Fatigue 8 (16) 2 (4)
Pruritus 6 (12) 0 (
Rash 5 (10) 0 (
Anorexia 5 (10) 1 (2)
Diarrhea 4 (8) 0 (
Constipation 4 (8) 0 (
Vomiting 4 (8) 0 (
Stomatitis 4 (8) 0 (
Aminotransferase increase 3 (6) 0 (
Creatinine increase 3 (6) 1 (2)
Thyroid dysfunction 6 (12) 0 (
Diabetes 5 (10) 0 (
Pneumonitis 1 (2) 1 (2)
Infection 4 (8) 0 (

Values are presented as number (%).
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ratory failure shortly after the first dose of atezolizumab ther-

apy). Although the extent of pleural effusions and pneu-

monitis was markedly increased, the possibility of drug-

related mortality was not completely excluded.

Response evaluation was possible in 50 patients. In an 

intent-to-treat analysis, partial responses to atezolizumab

were noted in 20 patients (RR, 40%; 95% confidence interval

[CI], 26 to 54). Stable disease was observed in 12 patients

(24%), leading to a 64% disease control rate. Except for 

PD-L1 status (Fig. 1), RR was not significantly influenced by

age, sex, performance status, primary site, number of prior

chemotherapy regimens, or number and site of metastases.

We observed higher RR in patients with PD-L1 IC2/3 (62%)

than in those with PD-L1 IC0/1 (62% vs. 24%, p=0.013). Of

the 50 patients analyzed in the study, the median PFS was

7.4 months (95% CI, 3.4 to 11.4) (Fig. 2). The estimated PFS

was significantly longer for patients with PD-L1 IC2/3 

(median, 12.7 months; 95% CI, 10.5 to 14.8) compared to

those with PD-L1 IC0/1/unknown (median, 2.1 months;

95% CI, 1.6 to 2.6; log-rank p=0.005). In a Cox proportional

hazards model, only PD-L1 IC2/3 was associated with the

lower risk for disease progression (hazard ratio, 0.26; 95% CI,

0.10 to 0.66).

For exploratory purpose, we compared PFS according to

the clinical response to atezolizumab. PFS was longer (p <

0.001) in patients who achieved response (median, 12.8

months) than in non-responders (2.1 months). After ate-

zolizumab failure, 32% of the patients received third-line

therapy, mostly with taxanes (n=11) or investigational agents

(n=6).

Discussion

This retrospective study was designed to evaluate the acti-

vity and safety of salvage atezolizumab therapy in a subset

of Korean patients with mUC who had been treated with

platinum-based combination chemotherapy. The 40% RR, 

together with an additional stable disease rate of 24%, pro-

vided an overall disease control rate of 64%. A median PFS

of 7.4 months in PD-L1 unselected patients compared favor-

ably with the results observed in the pivotal phase 2/3 stud-

ies [4,6], as well as those seen in other second-line mUC

studies involving pembrolizumab [5], nivolumab [7], durval-

Cancer Res Treat. 2019;51(4):1269-1274

Fig. 2.  Kaplan-Meier plots of progression-free survival

(PFS) for all patients (blue line), patients programmed

death-ligand 1 (PD-L1) expression < 5% or unknown (red

line), and those with PD-L1 expression > 5% or higher

(green line). IC, immune cell.

All patients (n=50)
PD-L1 IC < 5% (n=29)
PD-L1 IC ! 5% (n=21)
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Fig. 1.  Percentages of best response to atezolizumab for patients with programmed death-ligand 1 (PD-L1) expression < 5%

or unknown (blue line, n=29) and those with PD-L1 expression > 5% or higher (red line, n=21). IC, immune cell.
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umab [8], or avelumab [9]. PFS and overall response may be
good because more IC2/3 patients (n=21, 50%) enrolls in this
study than other studies.

In metastatic or advanced setting, platinum-based combi-
nation chemotherapy has been regarded as standard treat-
ment, because it has shown remarkable RR and PFS, as well
as tolerability [3]. However, most patients would develop 
resistance to these chemotherapy regimens after months, or
even after years, of clinical benefit. In these patients, despite
the lack of evidence for benefit associated with patients may
benefit from second-line treatment, it is common practice to
offer further chemotherapy involving taxanes, pemetrexed,
or other platinum-based regimens. Since currently another
immune checkpoint inhibitor pembrolizumab [5] had demon-
strated activity when compared with chemotherapy, the 
optimal second-line therapy in patients with mUC is still 
undecided. While pembrolizumab was not readily available
as second-line therapy when the present study was initiated,
selection based on the benefits of atezolizumab versus pem-
brolizumab should come from randomized, direct compari-
son clinical trials.

Surprisingly, phase 3 trials involving pembrolizumab
(KEYNOTE-045) and atezolizumab (IMvigor-211) revealed
different results and conclusions [5,6]. In KEYNOTE-045,
where pembrolizumab was compared with chemotherapy
[5], significantly longer OS (10.3 months vs. 7.4 months) and
RR (21% vs. 11%) were demonstrated. It was of note that the
benefit of pembrolizumab over chemotherapy was seen in
both the total population and those with a PD-L1 over-
expression. In IMvigor-211 [6], unfortunately, atezolizumab
was not associated with longer OS than chemotherapy in
total population (8.6 months vs. 8.0 months) or patients with
PD-L1 IC2/3 mUC (11.1 months vs. 10.6 months). Neverthe-
less, although the efficacy of second-line atezolizumab was
not evident in the phase 3 IMvigor-211 trial, the authors con-
cluded that the well-tolerated and durable remissions 
observed with atezolizumab can be considered favorable for
patients with mUC previously treated with platinum-based
chemotherapy. Everyone knows that indirect comparisons
of different randomized trials should be based on similarity
and consistency assumptions but often lead to bias. Cur-
rently, the lesson we learned from these two trials is that 
immune checkpoint inhibitors targeting PD-1/PD-L1 offer
clinically relevant benefit in patients with platinum-treated
mUC.

Therefore, the identification of prognostic or predictive fac-
tors allowing the selection of patients who are likely to ben-
efit from PD-1/PD-L1 inhibitors is an important challenge.
Our study showed that, among the total of 50 patients with
mUC, 18 patients (36%) experienced a progressive disease as
their best response to atezolizumab, comparable to findings
in published reports [4,6]. The patients have been treated out-

side the clinical trials, thus accurately reflecting the current
clinical practice in mUC. Although this study is retrospective
in nature, it is clear that atezolizumab may not be beneficial
for all mUC patients with chemotherapy failure. One of the
most widely recognized predictive markers for immune
checkpoint inhibitors is PD-L1 expression [10]. In the present
study, the difference in RR (62% vs. 24%) and PFS (12.7
months vs. 2.1 months) between patients with PD-L1 IC0/
1 and IC2/3 was distinct. However, the presence of robust
responses in some patients with IC0/1, as well as the similar
outcomes seen in phase 3 studies, complicates the issue of
PD-L1 as an exclusionary predictive biomarker. Tumor
mutation burden, which is known to be high in UC, and

DNA mismatch repair deficiency (dMMR) are thought to be
surrogate markers for benefit from immune checkpoint 
inhibitor therapy [10]. Tumor mutation burden, dMMR and
PD-L1 expression are somewhat interrelated [11], as mecha-
nistically the relationship between these biomarkers may be
related to increased neoantigen load required for immune
recognition of tumors. Although we found that response to
atezolizumab was significantly related to the PD-L1 status,
it should be noted that the present retrospective study may
have a selection bias. Actually, among the immune check-
point inhibitors approved for salvage treatment of mUC,
only atezolizumab is fully reimbursed by the health insur-
ance system in Korea. Since the reimbursement is provided
only for patients with PD-L1 IC2/3 disease, and our patients
received atezolizumab at the discretion of the treating med-
ical oncologists, it may be that clinical and/or economic judg-
ment withheld the use of atezolizumab from those with
first-line chemotherapy failure. Therefore, we still do not
know whether the PD-L1 indicates optimal forms of treat-
ment for the individual patient. Needless to say, when inter-
preting the results, it is of note that this analysis represents
only a small sample of patient, but it is possible that patients
with PD-L1 IC0/1 disease may have more aggressive disease
than those with IC2/3. In recent years, extensive translational
and clinical researches are underway to identify biologically
relevant biomarkers for PD-1/PD-L1 therapy. Since immu-
notherapy with intravesical bacillus Calmette-Guerin was
the first effective treatment in UC [12], immune checkpoint
inhibitors, alone or in combination with chemotherapy, are
in development for UC in earlier stage of disease with prom-
ising results [13,14].

In conclusion, the present study demonstrates that salvage
atezolizumab platinum-based combination chemotherapy
provides clinically relevant efficacy and tolerability in pati-
ents with mUC. It is suggested that the magnitude of the ben-
efit of atezolizumab in Korean patients are similar to that
obtained in the phase 2/3 trials. Although not confirmed in
the prospective IMvigor-211 trial, we found that patients
with PD-L1 IC2/3 tumors had better clinical outcomes that
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those in IC0/1 tumors. It is hoped that, with better patient
selection, clinical outcomes of mUC patients can be impro-
ved. Furthermore, emerging science and the knowledge of
the disease may further guide us to develop individualized
treatment for UC patients.
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Nomogram Development and External Validation for Predicting the
Risk of Lymph Node Metastasis in T1 Colorectal Cancer

Original Article

Purpose
Predicting lymph node metastasis (LNM) risk is crucial in determining further treatment
strategies following endoscopic resection of T1 colorectal cancer (CRC). This study aimed
to establish a new prediction model for the risk of LNM in T1 CRC patients.

Materials and Methods
The development set included 833 patients with T1 CRC who had undergone endoscopic
(n=154) or surgical (n=679) resection at the National Cancer Center. The validation set 
included 722 T1 CRC patients who had undergone endoscopic (n=249) or surgical (n=473)
resection at Daehang Hospital. A logistic regression model was used to construct the pre-
diction model. To assess the performance of prediction model, discrimination was evaluated
using the receiver operating characteristic (ROC) curves with area under the ROC curve
(AUC), and calibration was assessed using the Hosmer-Lemeshow (HL) goodness-of-fit test. 

Results
Five independent risk factors were determined in the multivariable model, including vascular
invasion, high-grade histology, submucosal invasion, budding, and background adenoma.
In final prediction model, the performance of the model was good that the AUC was 0.812
(95% confidence interval [CI], 0.770 to 0.855) and the HL chi-squared test statistic was
1.266 (p=0.737). In external validation, the performance was still good that the AUC was
0.771 (95% CI, 0.708 to 0.834) and the p-value of the HL chi-squared test was 0.040. We
constructed the nomogram with the final prediction model. 

Conclusion
We presented an externally validated new prediction model for LNM risk in T1 CRC patients,
guiding decision making in determining whether additional surgery is required after endo-
scopic resection of T1 CRC.

Key words
Colorectal neoplasms, Lymph nodes, Neoplasm metastasis, 
Nomograms

Jung Ryul Oh, MD1,a

Boram Park, MS2

Seongdae Lee, MD3,b

Kyung Su Han, MD1

Eui-Gon Youk, MD3,b

Doo-Han Lee, MD3

Do-Sun Kim, MD3

Doo-Seok Lee, MD3

Chang Won Hong, MD1

Byung Chang Kim, MD1

Bun Kim, MD1

Min Jung Kim, MD1,c

Sung Chan Park, MD1

Dae Kyung Sohn, MD1

Hee Jin Chang, MD1

Jae Hwan Oh, MD1

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

Correspondence: Kyung Su Han, MD
Center for Colorectal Cancer, Center for 
Cancer Prevention and Early Detection, 
Research Institute and Hospital, 
National Cancer Center, 323 Ilsan-ro, 
Ilsandong-gu, Goyang 10408, Korea
Tel: 82-31-920-2626
Fax: 82-31-920-0002
E-mail: kshan@ncc.re.kr

Received  October 18, 2018
Accepted  January 9, 2019
Published Online  January 17, 2019

Present address 
aDepartment of Surgery, Hansol Hospital, Seoul,
Korea, bDepartment of Surgery, Good-jang 
Hospital, Seoul, Korea, cDepartment of Surgery,
Seoul National University Hospital, Seoul, Korea

*Jung Ryul Oh, Boram Park, and Seongdae Lee
contributed equally to this work.

1Center for Colorectal Cancer, 

Research Institute and Hospital, 

National Cancer Center, Goyang, 
2Biometrics Research Branch, Research 

Institute and Hospital, National Cancer 

Center, Goyang, 3Department of Surgery,

Daehang Hospital, Seoul, Korea



Introduction

With increasing implementation of endoscopic screening
programs and rapid progress in endoscopic techniques 
recently, the incidence of endoscopic resection in early col-
orectal cancer (CRC) has been increasing. Although endo-
scopic resection of Tis (carcinoma in situ) lesion is accepted
as a curative therapy, endoscopic resection of T1 CRC should
be used selectively because lymph node metastasis (LNM)
occurs 7%-15% in T1 CRC cases [1-5]. For patients with T1
CRC, predicting LNM after endoscopic resection is crucial in
determining whether T1 CRC patients should undergo addi-
tional surgery.

The histopathological risk factors for LNM include vascu-
lar invasion, high-grade histology, deep submucosal inva-
sion, and budding [4-9]. According to current guidelines, the
prediction of LNM in T1 CRC cases is assessed in a dichoto-
mous way, including high- or low-risk. If a patient has any
risk factors post-endoscopic T1 CRC resection, the patient is
classified as high-risk and advised to undergo additional sur-
gery [6,10-13]. However, there is a serious drawback in this

dichotomous method of prediction in that, when the positive
predictive value (PPV) is very low, overtreatment is likely to
result [14].

Therefore, a new prediction model is required to deter-
mine the risk of LNM in T1 CRC patients to reduce the cur-
rent likelihood of overtreatment, while not hampering the
oncological safety. This study aimed to establish a new pre-
diction model for the probability of LNM in T1 CRC patients
that could assist with determining individually-tailored
treatment strategies for patients with T1 CRC.

Materials and Methods

1. Study cohort 

Between January 2001 and December 2016, 995 T1 CRC 
patients underwent endoscopic or surgical resection at the
National Cancer Center, Korea. The exclusion criteria inclu-
ded preoperative chemoradiation therapy (n=3), synchro-
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Patients with T1 CRC, 2001-2016 (n=995)

Surgical resection (2001-2016) (n=288)Endoscopic resection (2001-2014) (n=551)

Endoscopically resected cases (n=160) Surgically resected cases (n=679)

LNM positive (n=97)

Exclusion

Exclusion (n=156)

LNM negative (n=736)

No recurrence
(n=150)

Regarded as
LNM negative

(n=154)

Diagnosed as
LNM negative

(n=582)

Diagnosed as
LNM positive

(n=97)

Recurrence
(n=10)

Additional
surgery (n=392)

Salvage, rNO
(n=4)

Salvage, rN+ (n=5)
No salvage (n=1) 

Fig. 1. Consort diagram of development set. CRC, colorectal cancer; LNM, lymph node metastasis.
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nous advanced CRC (n=85), metastasis (n=8), and loss of fol-
low-up (n=5). Patients with T1 CRC who had undergone en-
doscopic resection and a follow-up period of < 24 months,
were also excluded (n=55). The patients whose the status of
LNM could not be estimated were excluded as well (n=6). 
Finally, a total of 833 T1 CRC patients (154 endoscopic resec-
tions and 679 surgical resections) were included in the deve-
lopment set. The database of the National Cancer Center and
patients’ clinical charts were reviewed retrospectively (Fig. 1).

For external validation, we utilized the CRC database from
Daehang Hospital, a specialist colorectal hospital. Based on
the same inclusion criteria as that of the development set, a
total of 722 T1 CRC patients (249 endoscopic resections and
473 surgical resections) were included in the validation set.
The database of the Daehang Hospital and patients’ clinical
charts were reviewed retrospectively (Fig. 2).

2. Clinicopathological variables

Endoscopic tumors were classified into two types: poly-
poid and non-polypoid, according to the Paris classification
[15]. The polypoid type include pedunculated (0-Ip) and ses-

sile (0-Is) tumors. The non-polypoid type include slightly 
elevated (0-IIa), flat (0-IIb), slightly depressed (0-IIc), and 
excavated (0-III) tumors. The tumor locations were classified
into three groups, namely, right colon (cecum to splenic flex-
ure), left colon (splenic flexure to the rectosigmoid junction),
and rectum (rectosigmoid junction to the anal verge). In sur-
gically resected specimens, the depth of submucosal invasion
(SM depth) was evaluated using Kudo’s classification, as fol-
lows: infiltration into the upper third (sm1), middle third
(sm2), or lower third (sm3) of the submucosal layer. For 
endoscopically resected sessile and flat tumors, the cut-off
between sm1 and sm2 was 1,000 µm, according to the Paris
classification, with an SM depth > 2,000 µm defined as sm3.
For endoscopically resected pedunculated tumors, the cut-
off between sm1 and sm2 was at the level of the neck, and
an SM depth > 3,000 µm from the neck was defined as sm3.
Deep submucosal invasion was defined as an SM depth 
! sm2. Differentiation of adenocarcinomas was classified 
according to World Health Organization criteria: grade 1
(well differentiated), grade 2 (moderately differentiated), or
grade 3 (poorly differentiated) [16]. Grades 1 and 2 were 
defined as histologically low grade tumors, while a grade 3

Patients with T1 CRC, 2001-2016 (n=757)

Surgical resection (2001-2016) (n=209)Endoscopic resection (2001-2014) (n=513)

Endoscopically resected cases (n=249) Surgically resected cases (n=473)

LNM positive (n=49)

Exclusion (n=35)

LNM negative (n=673)

No recurrence
(n=249)

Regarded as
LNM negative

(n=249)

Diagnosed as
LNM negative

(n=424)

Diagnosed as
LNM positive

(n=49)

Recurrence
(n=0)

Additional
surgery (n=264)

Fig. 2. Consort diagram of validation set. CRC, colorectal cancer; LNM, lymph node metastasis.
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tumor, a mucinous carcinoma, signet ring cell carcinoma,
and carcinoma with neuroendocrine differentiation were 
defined as histologically high-grade tumors. An isolated cell
or a small cluster of < 5 tumor cells in the invasive front was
defined as a “budding” focus, and > 10 budding foci viewed
at 200! magnification was defined as budding positive [17].
Vascular invasion was defined as the presence of cancer cells
within endothelial-lined channels, including angiolymphatic
invasion and venous invasion. Vascular invasion of small
vessels without a vascular smooth muscle layer was defined
as angiolymphatic invasion, and vascular invasion of large
vessels with a vascular smooth muscle layer was defined as
venous invasion. Background adenoma (BGA) was defined
as an adenomatous component microscopically contiguous
to the resected carcinoma. Clinicohistological parameter 
details were evaluated with respect to the LNM status.

3. Estimation of the status of LNM in endoscopically resec-
ted group

The LNM status of the endoscopically resected group was
determined indirectly, based on follow-ups and pathological
results of salvage surgery. 

Patients in the endoscopically resected group were fol-
lowed-up by colonoscopy, performed between 3 and 6
months after resection and annually thereafter, and with an
annual computed tomography scan of the abdomen and
chest and an annual measurement of serum carcinoembry-
onic antigen concentration. Patients were followed-up for a
minimum of 24 months.

Patients with no evidence of recurrence during the follow-
up period were regarded as negative for LNM. In patients
with recurrence, those diagnosed as LNM negative (rpN0)
on salvage surgery were regarded as initially LNM negative,
while those diagnosed as LNM positive (rpN+) on salvage
surgery were excluded because it was not possible to demon-
strate that LNM was already existed at the time of the initial
endoscopic procedure or that LNM had developed in the 
regional area following the endoscopic procedure. The pati-
ents with recurrence who did not undergo salvage surgery
due to multiple metastases were also excluded due to the
possibility of skip metastases. 

4. Statistical analysis

The distributions of risk factors affecting LNM were sum-
marized as mean±standard deviation, or median (interquar-
tile range [IQR]) for continuous variables, and frequency
(percentages) for categorical variables. The differences of
characteristics between development and validation datasets
were tested using an independent t test or a Wilcoxon rank-
sum test for continuous variables and Pearson’s chi-squared

test for categorical variables. A logistic regression model was
used to construct a model to predict the LNM. First, we 
examined whether 10 risk factors affected LNM in the uni-
variable model, and then all variables were included in the
multivariable model. The final multivariable prediction
model was determined using a backward variable selection
method with an elimination criterion of a p > 0.05. To assess
the performance of the prediction model, discrimination was
evaluated using the receiver operating characteristic (ROC)
curves with area under the ROC curve (AUC), and calibra-
tion was assessed using the Hosmer-Lemeshow (HL) good-
ness-of-fit test. The prediction model is considered good in
discrimination when the AUC is greater than 0.75. Model cal-
ibration assessment was considered adequate when p > 0.05.
The validation of the prediction model was conducted using
internal and external validation. First, the internal validation
was performed using a bootstrap approach of 2,000 times 
resampling to correct the bias [18]. The external validation
was performed using an independent new dataset to support
generalizability. We illustrated the nomogram to facilitate
the interpretation of the results, and calculated the predicted
probability of LNM risk for individuals. p-values < 0.05 were
considered statistically significant. All statistical analyses
were performed using SAS ver. 9.4 (SAS Institute Inc., Cary,
NC) and R software, ver. 3.3.3 (R Project for Statistical Com-
puting, Vienna, Austria).

5. Ethical statement

This study was approved by the Institutional Review
Board of the National Cancer Center, Korea (NCC 2017-0189)
and Daehang Hospital (DH17-0002). Informed consent was
obtained from all patients.

Results

1. Clinicopathologic characteristics

Among the 833 patients included in development database
set, 160 underwent endoscopic resection and 679 underwent
surgical resection. Among the 160 endoscopically resected
cases, 150 had no recurrence, and were regarded as LNM
negative. Among 10 patients who had recurrence after endo-
scopic resection, four were diagnosed as LNM negative
(rpN0) on salvage surgery, and considered initially LNM
negative. Five patients diagnosed as LNM positive on sal-
vage surgeries, and one who did not undergo salvage sur-
gery due to multiple metastases, were excluded (Fig. 1).

Among the 722 patients included in validation database
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set, 249 underwent endoscopic resection and 473 underwent

surgical resection. Among the 249 endoscopically resected

cases, all 249 had no recurrence, and were regarded as LNM

negative (Fig. 2).

The incidence rate of LNM was 11.6% (97/833) in the deve-

lopment set and 6.8% (49/722) in the validation set. The

mean age was significantly lower in the development set

than in the validation set (61.8±10.6 vs. 67.8±10.6, p < 0.001).

The proportion of endoscopic-type tumors was also different

between the two datasets (p=0.005). For treatment, more pati-

ents underwent additional surgery after endoscopic resection

than for endoscopic resection only or for surgery only. The

median and IQR (Q1-Q3) of pathologic tumor size was 14

mm (10-20 mm) in the development set and 19 mm (14-27

mm) in the validation set (p < 0.001). The SM depth was dis-

tributed evenly in the development set, but the percentage

of sm1 was greater (44.0%) in the validation set. There was a

statistically significant difference in the incidence of vascular

invasion between the development and validation sets

(44.1% vs. 16.3%, p < 0.001). No differences of distribution

were observed regarding sex, tumor location, histologic

grade, background adenoma, and tumor budding between

the development and the validation sets (Table 1). 

Jung Ryul Oh, Lymph Node Metastasis in T1 Colorectal Cancer

                                                                                        Development set       Validation set

Characteristic                                                   Total           LNM (–)        LNM (+) Total LNM (–) LNM (+) p-valuea)

                                                                          (n=833)          (n=736)           (n=97) (n=722) (n=673) (n=49)

Age (yr)                                                          61.8±10.6       61.9±10.6       60.4±10.7 67.8±10.6 67.9±10.5 67.0±11.0 < 0.001

Sex                                                                                                                       

Male                                                          518 (62.2)       457 (88.2)         61 (11.8) 451 (62.5) 425 (94.2) 26 (5.8) 0.909

Female                                                       315 (37.8)       279 (88.6)         36 (11.4) 271 (37.5) 248 (91.5) 23 (8.5)

Tumor location                                                                                                 

Colon                                                         536 (64.4)       466 (86.9)         70 (13.1) 481 (66.6) 449 (93.4) 32 (6.7) 0.347

Rectum                                                      297 (35.7)       270 (90.9)         27 (9.1) 241 (33.4) 224 (93.0) 17 (7.1)

Endoscopic type                                                                                               

Polypoid                                                   659 (79.1)       587 (89.1)         72 (10.9) 611 (84.6) 567 (92.8) 44 (7.2) 0.005

Non-polypoid                                          174 (20.9)       149 (85.6)         25 (14.4) 111 (15.4) 106 (95.5) 5 (4.5)

Treatment                                                                                                          

Endoscopic                                               154 (18.5)       154 (100)            0 ( 249 (34.5) 249 (100) 0 ( < 0.001

Surgery                                                     288 (34.6)       248 (86.1)         40 (13.9) 209 (29.0) 185 (88.5) 24 (11.5)

Endoscopic+surgery                               391 (46.9)       334 (85.4)         57 (14.6) 264 (36.6) 239 (90.5) 25 (9.5)

Histologic grade                                                                                               

Low                                                           813 (97.6)       727 (89.4)         86 (10.6) 696 (96.4) 648 (93.1) 48 (6.9) 0.164

High                                                            20 (2.4)             9 (45.0)         11 (55.0) 26 (3.6) 25 (96.2) 1 (3.9)

Pathologic tumor size (mm)                       14 (10-20)      15 (10-20)      13 (10-20) 19 (14-27) 20 (14-27) 17 (15-25) < 0.001

Depth of submucosal invasion                                                                     

sm1                                                            292 (35.1)       276 (94.5)         16 (5.5) 318 (44.0) 313 (98.4) 5 (1.6) 0.001

sm2                                                            260 (31.2)       230 (88.5)         30 (11.5) 179 (24.8) 163 (91.1) 16 (8.9)

sm3                                                            281 (33.7)       230 (81.9)         51 (18.2) 225 (31.2) 197 (87.6) 28 (12.4)

Background adenoma                                                                                     

No                                                              248 (29.8)       207 (83.5)         41 (16.5) 197 (27.3) 178 (90.4) 19 (9.6) 0.279

Yes                                                             585 (70.2)       529 (90.4)         56 (9.6) 525 (72.7) 495 (94.3) 30 (5.7)

Vascular invasion                                                                                            

No                                                              466 (55.9)       453 (97.2)         13 (2.8) 604 (83.7) 580 (96.0) 24 (4.0) < 0.001

Yes                                                             367 (44.1)       283 (77.1)         84 (22.9) 118 (16.3) 93 (78.8) 25 (21.2)

Tumor budding                                                                                                

No                                                              673 (80.8)       609 (90.5)         64 (9.5) 584 (80.9) 551 (94.4) 33 (5.7) 0.963

Yes                                                             160 (19.2)       127 (79.4)         33 (20.6) 138 (19.1) 122 (88.4) 16 (11.6)

Table 1. Clinicopathological characteristics of patients in the development and validation sets

Values are presented as mean±SD, number (%), or median (IQR). LNM, lymph node metastasis; SD, standard deviation;

IQR, interquartile range. a)p-value was calculated to test for difference between development and validation set. 
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2. LNM risk prediction model

To construct the LNM risk prediction model, 10 candidate
predictors were examined in univariable and multivariable
logistic regression models (Table 2). As a result, 5 risk factors
were included in the final multivariable model. Vascular 
invasion and high-grade histology were the strongest risk
factors (odds ratio [OR], 8.45; 95% confidence interval [CI],
4.56 to 15.66); p < 0.001 and OR, 7.89; 95% CI, 2.89 to 21.52; 
p < 0.001, respectively). Deep submucosal invasion (sm2/3)
and tumor budding were also statistically significant predic-
tors of LNM (OR, 2.14; 95% CI, 1.19 to 3.86; p=0.012 and OR,
1.70; 1.03 to 2.80; p=0.039, respectively). The absence of BGA
was associated with 42% lower odds of LNM (OR, 0.58; 95%
CI, 0.36 to 0.92; p=0.022).

The prediction model using the development set was eval-
uated with good performance in terms of discrimination and
calibration (Fig. 3). The AUC was 0.812 (95% CI, 0.770 to

0.855) and the hazard ratio chi-square test statistic was 1.266
(p=0.737). The bias corrected AUC was 0.794 in internal val-
idation using the bootstrap method. Due to the limitations
of internal validation to determine the generalizability of a
prediction model, we conducted external validation using an
independent new dataset. As a result, the AUC dropped to
0.771 (95% CI, 0.708 to 0.834) and the p-value of the HL chi-
squared test was 0.040. Although the validation dataset was
very different from the development dataset, the perform-
ance of the model remained good.

3. Nomogram

To facilitate user-friendly graphical interfaces, we const-
ructed the nomogram with the final prediction model (Fig. 4).
Through ranking the effect estimators, point scores were 
assigned to each risk factor. The total points accumulated
from all the risk factors corresponded to the predicted prob-
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                                                                                         Univariable model Multivariable model
Characteristic                                                                                   OR (95% CI) p-value OR (95% CI) p-value                                                                                                       (n=833, LNM=97) (n=833, LNM=97)
Age (yr)                                                                                           0.99 (0.97-1.01) 0.170 - -
Sex                                                                                                           

Male                                                                                                  1 (reference) -
Female                                                                                         0.97 (0.62-1.50) 0.880 -

Tumor location                                                                                     
Colon                                                                                                1 (reference) -
Rectum                                                                                        0.67 (0.42-1.06) 0.089 - -

Endoscopic type                                                                                    
Polypoid                                                                                           1 (reference) -
Non-polypoid                                                                             1.37 (0.84-2.23) 0.209 - -

Histologic grade                                                                                    
Low                                                                                                   1 (reference) 1 (reference)
High                                                                                           10.33 (4.16-25.63) < 0.001 7.89 (2.89-21.52) < 0.001

Pathologic tumor size (mm)                                                        0.98 (0.95-1.00) 0.059 
Depth of submucosal invasion                                                          

sm1                                                                                                    1 (reference) 1 (reference)
sm2 or sm3                                                                                  3.04 (1.74-5.30) < 0.001 2.14 (1.19-3.86) 0.012

Background adenoma                                                                          
No                                                                                                     1 (reference) 1 (reference)
Yes                                                                                                0.53 (0.35-0.83) 0.005 0.58 (0.36-0.92) 0.022

Vascular invasion                                                                                 
No                                                                                                     1 (reference) 1 (reference)
Yes                                                                                              10.34 (5.66-18.90) < 0.001 8.45 (4.56-15.66) < 0.001

Tumor budding                                                                                     
No                                                                                                     1 (reference) 1 (reference)
Yes                                                                                                2.47 (1.56-3.92) < 0.001 1.70 (1.03-2.80) 0.039

Table 2. Univariable and multivariable logistic regression model using development dataset

OR, odds ratio; CI, confidence interval; LNM, lymph node metastasis.
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ability of LNM for individual patients. The incidence rate of

LNM was 11.6% in this study; therefore, we suggested sen-

sitivity, specificity, a PPV, and a negative predictive value at

each cut-off point to be between 5% and 15% in units of 1%

(S1 Table). We calculated the probability of LNM occurrence

for all combinations generated using the five risk factors of

the final prediction model (S2 Table).

Discussion

After endoscopic resection of T1 CRC, a clinical decision is

required to determine whether the patient should undergo

additional surgery or not. If endoscopic resection is oncolog-

ically safe, the patient may avoid additional surgery and 

obtain numerous benefits, such as lower morbidities, a shor-

ter recovery period, and an improved quality of life. The 

oncological safety of endoscopic resection for T1 CRC 

depends mainly on the probability of LNM.

According to current guidelines, the risk factors for LNM

in endoscopically resected T1 CRC include vascular invasion,

high-grade histology, deep submucosal invasion, and bud-

ding. Additionally, if a patient is identified as having any risk

factors after endoscopic resection of T1 CRC, the patient is

classified as high-risk and is advised to undergo additional

surgery.

Based on our National Cancer Center database, among the

patients who underwent additional surgery after endoscopic

resection of T1 CRC, only 14% of the patients were finally 

diagnosed as LNM positive [14]. As a result, more than 80%

of patients had undergone unnecessary additional surgeries

after endoscopic resection of T1 CRC, and some had experi-

enced various postoperative complications. Such overtreat-

ment may be due to inadequacies in the current method of

predicting LNM risk in T1 CRC patients.

In this large retrospective study, we established a new

model for predicting the probability of LNM in patients with

T1 CRC. Our new prediction model is based on five patho-

logical parameters, involving vascular invasion, high-grade

histology, deep submucosal invasion, tumor budding and
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Fig. 3.  Receiver-operator characteristic curve (A) and calibration plots (B) of the prediction model in the development and

validation sets. AUC, area under the receiver operating characteristics curve; CI, confidence interval; LNM, lymph node
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the absence of BGA. Although the absence of BGA is not
widely accepted as a risk factor for LNM in T1 CRC, our pre-
vious research demonstrated that the absence of BGA is sig-
nificantly associated with LNM in T1 CRC [19]. Vascular
invasion and high-grade histology were the strongest pre-
dictive risk factors correlating with LNM, with an OR of 8.45
and 7.89, respectively (p < 0.001).

According to current guidelines, the probability of LNM
in T1 CRC is either high-risk or low-risk. Our new prediction
model showed that the probability of LNM ranges widely
according to the type and number of risk factors. Using our
new prediction model, a clinician can calculate a total score
according to the risk factors and then calculate in greater 
detail the probability of LNM for individual patients. Because
our new prediction model is based on five pathological 
parameters, the number of all the combinations is 32, and we
showed the probability of LNM for all 32 combinations, from
1.2% to 83.5% (S2 Table).

However, it is very difficult to determine the appropriate
cut-off value for the decision whether to perform additional
surgery or not. When recommending to the patient whether
to proceed with additional surgery after an endoscopic T1
CRC resection, the clinician should consider not only the
probability of LNM but also surgical co-morbidity, patient
quality of life, and the patient’s opinion. With as much infor-
mation as possible, the patient is further supported to 
become more actively involved in decision-making, which
may improve the patient’s adherence to treatment. This
quantified new prediction model is likely to facilitate clini-

cians and patients to consider treatment options more objec-
tively.

In the current study, there were several significant differ-
ences in clinicopathological characteristics between the deve-
lopment set (National Cancer Center Hospital) and valida-
tion set (Daehang Hospital). These differences may have
been due to most patients in the development set being trans-
ferred from other hospitals for further treatment; therefore,
more patients with aggressive lesions were involved in the
development set. Nevertheless, the performance of the new
prediction model was good in both development and vali-
dation sets, and a further strength of our new prediction
model may be that it is useful for different patient groups.

According to previous research concerning the survival of
surgically or endoscopically resected T1 CRC, overall sur-
vival was not different between the endoscopically resected
group and the surgically resected group, although disease-
free survival was worse in the endoscopically resected pati-
ents [20,21]. This finding may indicate that recurrence in
patients with endoscopically resected T1 CRC is successfully
cured through salvage surgery, although this result may not
affect overall survival. Based on this finding, the surveillance
and no additional surgery strategy may be applied selec-
tively for patients with endoscopically resected T1 CRC, 
despite current guideline indications for additional surgery,
and our new prediction model may be of assistance in select-
ing the most appropriate surgical candidates. However, the
data and evidence are not yet sufficient to conclude that
overall survival does not differ between endoscopically and

Cancer Res Treat. 2019;51(4):1275-1284

Fig. 4. Nomogram.
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surgically resected T1 CRC patients. More research in this
field may be necessary.

This study has several limitations. First, it was a retrospec-
tive cohort study based on clinical records. Second, the num-
ber of included patients was relatively small. Third, this new
model was validated in only one center; therefore, larger
multicentered validation studies are required to support our
new prediction model.

In conclusion, we present a new, externally validated
model to predict the risk of LNM in T1 CRC patients, which
may usefully guide decision-making on whether to perform
additional surgery following endoscopic T1 CRC resection. 
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National Cancer Screening Program
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Purpose

To reduce lung cancer mortality, lung cancer screening was recommended using low-dose

computed tomography (LDCT) to high-risk population. A protocol for multicenter lung cancer

screening pilot project was developed to evaluate the effectiveness and feasibility of lung

cancer screening to implement National Cancer Screening Program in Korea. 

Materials and Methods

Multidisciplinary expert committee was comprised to develop a standardized protocol for

Korean Lung Cancer Screening Project (K-LUCAS). K-LUCAS is a population-based single

arm trial that targets high-risk population aged 55-74 years with at least 30 pack-year smok-

ing history. LDCT results are reported by Lung-RADS suggested by American Radiology 

Society. Network-based system using computer-aided detection program is prepared to 

assist reducing diagnostic errors. Smoking cessation counselling is provided to all currently

smoking participants. A small pilot test was conducted to check the feasibility and compli-

ance of the protocols for K-LUCAS.

Results

In pilot test, 256 were participated. The average age of participants was 63.2 years and

only three participants (1.2%) were female. The participants had a smoking history of 40.5

pack-year on average and 53.9% were current smokers. Among them, 86.3% had willing to

participate in lung cancer screening again. The average willingness to quit smoking among

current smokers was 12.7% higher than before screening. In Lung-RADS reports, 10 (3.9%)

were grade 3 and nine (3.5%) were grade 4. One participant was diagnosed as lung cancer.

Conclusion

The protocol developed by this study is assessed to be feasible to perform K-LUCAS in mul-

ticenter nationwide scale.
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Introduction

In a last few decades, lung cancer has been the most fre-

quent cancer in the world. Lung cancer contributes to 12.9%

of the total cancers in the world and responsible for approx-

imately one fifth of the total cancer death worldwide. Over

1.8 million people were newly diagnosed with lung cancers

in 2012 and about 58.4% of these cancers were occurred in

the less developed regions [1]. According to Korean National

Cancer Registry, about 17,963 cancer death (23.0%) is caused

by lung cancer each year in Korea and has a low 5-year sur-

vival rate of 25.1% [2]. 

A low survival rate is partly due to the fact that most lung

cancers are detected at an advanced stage when they are first

diagnosed. Early studies demonstrated that lung cancer

screening with low-dose computed tomography (LDCT) can

detect lung cancers at a smaller size and earlier stage [3-6].

For example, The Early Lung Cancer Action Project (ELCAP)

has found that among the 27 computed tomography (CT) 
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detected lung cancers, 26 (96%) were resectable whereas only

30 of the 59 tumors (51%) detected by chest radiography

were resectable [6,7]. 

Despite some encouraging results in the early studies,

however, the effectiveness of LDCT screening, especially on

the mortality reduction, has been remained doubtful until 

recently. In 2011, The National Lung Screening Trial (NLST)

in the United States has produced a supportive landmark 

result that screening with LDCT targeted to high-risk smok-

ing groups (age, 55 to 74 years; current smokers or former

smokers within the past 15 years with at least 30 pack-year

smoking history) reduced lung cancer mortality by 20% [8].

Building on the results of NLST, in December 2013, the U.S.

Preventive Services Track Force (USPSTF) announced lung

cancer screening recommendation for high-risk individuals

[9] and in February 2015, The Centers for Medicare & Medi-

caid Services (CMS) issued a medicare coverage of lung can-

cer screening [10].

Based on the evidence in the United States, Korean Natio-

nal Cancer Center (NCC) has developed and published the

guideline of lung cancer screening using LDCT for high-risk

populations in 2015 [11]. The guideline recommends annual

LDCT screening for high-risk smoking groups aged 55 to 74

years, with at least 30 pack-year smoking history and current

smokers or former smokers who quit smoking within 15

years.

In 2016, Korean Ministry of Health and Welfare announced

to launch The Korean Lung Cancer Screening project (K-LUC-

AS) in accordance with NCC’s guideline of lung cancer

screening using LDCT. K-LUCAS is a nationwide, multicen-

ter, prospective study to evaluate the effectiveness and fea-

sibility of lung cancer screening with LDCT for considering

Cancer Res Treat. 2019;51(4):1285-1294
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Fig. 1. A summary of lung cancer screening procedure in Korean Lung Cancer Screening Project (K-LUCAS). (A) A summary

of lung cancer screening procedure for National Cancer Screening Program (NCSP) participants. (Continued to the next page)
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implementation of a national lung cancer screening program
in Korea.

Although previous studies have shown that lung cancer
screening with LDCT could help early lung cancer detection
and hence could reduce cancer mortality, it is yet to be clear
about how to implement an effective and efficient popula-
tion-based screening program [12]. K-LUCAS evaluates the
feasibility to select high-risk target group for screening pre-
cisely from the general population and the capability to 
reduce false-positive findings in screening results by the
standardized guideline with quality control through network
based computer assistant program. K-LUCAS is the first
Asian population-based nationwide trial in testing the effec-
tiveness and efficiency of lung cancer screening using LDCT.

The objective of this article is to provide a detailed descrip-

tion of protocol developed for population-based lung cancer
screening project in Korea, and to report the results of a small
pilot test which conducted in four regional cancer hospitals
to check the feasibility and compliance of the protocol for 
K-LUCAS. 

Materials and Methods

1. Development of K-LUCAS protocol

Multidisciplinary expert committee was comprised to 
develop a standardized protocol for K-LUCAS. The commit-

Jaeho Lee, Protocol for Korean Lung Cancer Screening Project
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Fig. 1. (Continued from the previous page) (B) A summary of lung cancer screening procedure for smoking cessation clinic vis-
itors. LDCT, low-dose computed tomography.
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tee is consist of multidisciplinary experts in various fields of

lung cancer screening including pulmonology, radiology,

family medicine, preventive medicine and statistics to 

enhance an integration of expertise in designing protocols

and procedures. 

The participants are selected in accordance with NCC’s

guideline of lung cancer screening using LDCT for high-risk

populations. The inclusion criteria for K-LUCAS are decided

as follows: (1) 55-74 years aged current smokers or former

smokers (who quit smoking within 15 years) and (2) at least

30 pack-years smoking history.

The exclusion criteria are as follows: (1) past history of lung

cancer; (2) unable to move without help (Eastern Cooperative

Oncology Group score 2 or higher); (3) on treatment for 

tuberculosis, pneumonia and interstitial lung disease; (4) 

diagnosis of any cancers within 5 years (exception: thyroid

cancer and skin cancer); and (5) chest CT performed within

6 months. 

Each criterion is carefully evaluated by our team of multi-

disciplinary experts. For example, the exclusion criteria 

exclude individuals who are diagnosed as any cancer within

the last 5 years, because chest CT would be examined for the

cancer patients regularly after first diagnosis with exception

of thyroid cancer and skin cancer. Such exclusion criterion,

therefore, prevents any unnecessary repetition of CT screen-

ing. 

The participants in K-LUCAS are recruited from the visi-

tors to participate in National Cancer Screening Program or

smoking cessation services. Fig. 1 provides a summary of

lung cancer screening procedure from the selection of par-

ticipants to the result counselling through these two paths.

The participants of K-LUCAS are selected based on the ques-

tionnaire that is completed in prior to participating in Natio-

nal Cancer Screening Program or smoking cessation services

in accordance with the inclusion and exclusion criteria. The

questionnaire consists of a series of questions for the purpose

of gathering information on demographics, smoking status,

smoking history and health status including cancer history.

If the candidate meets the selection criteria, investigators

carefully explain the benefits and harms of the lung cancer

screening using LDCT. If the candidate agrees on lung cancer

screening participation, an informed consent form is obtai-

ned and LDCT screening date is scheduled and confirmed.

Surveys for participants are conducted on the day of screen-

ing and on the other day when the participants visited the

hospital for counselling LDCT results. Participant satisfac-

tion on general lung cancer screening processes, psycholog-

ical harms of lung cancer before and after screening and an

impact of lung cancer screening on smoking cessation moti-

vation are investigated from these surveys.

K-LUCAS also provide a smoking cessation counselling to

current smokers. This is done on the day of participant’s visit

Cancer Res Treat. 2019;51(4):1285-1294
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Fig. 2. Network-based diagnosis supporting system using computer-aided detection (CAD) program in Korean Lung Cancer

Screening Project (K-LUCAS). CT, computed tomography.
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for receiving LDCT screening result counselling. 

The LDCT screening results are evaluated by radiologists

in accordance with lung imaging reporting and data system

(Lung-RADS) suggested by American Radiology Society.

Lung-RADS category 1 and 2 are classified as negative 

results and Lung-RADS category 3 and 4 are classified as

positive results [13]. False-positives are defined as non-can-

cer diagnosis from total positive findings. Lung-RADS ena-

bles a standard follow-up screening procedure and treatment

system [14,15]. Multidisciplinary expert committee has also

agreed to use network-based diagnosis supporting system

using computer-aided detection (CAD) program to reduce

missing lung nodules in LDCT screening. Previous studies

have shown that CAD system has a potential to provide 

additional information to radiologists and hence would

likely reduce diagnostic errors and increase lung nodule 

detection sensitivity [16]. Fig. 2 provides a summary of net-

work-based diagnosis supporting system with CAD. 

2. Pilot test

A small pilot test was conducted in four regional cancer

hospitals to evaluate the feasibility and compliance of the

protocol developed for K-LUCAS from October 2016 to

March 2017. Participants in pilot test are selected from visi-

tors participated in National Cancer Screening Program or

smoking cessation service in four regional cancer hospitals.

We primarily considered following three features to eval-

uate the feasibility of K-LUCAS protocols. First, we investi-

gated the proportion of eligible candidates that are agreed

and rejected to participate in lung cancer screening. Second,

we evaluated whether the positive rates are comparable with

the rate of previously reported lung cancer screening trials.

A comparable positive rates would be a good indicator of the

capability of distinguishing pulmonary nodules from tuber-

culosis granulomas or scares in tuberculosis prevalent pop-

ulation in Korea [17].

Third, psychological harm from lung cancer screening is

assessed. A new approach to reduce psychological harm

would be necessary if participating in lung cancer screening

caused too much psychological harm. We have used partic-

ipant’s anxiety of having lung cancer as a proxy to evaluate

psychological harm of screening [18]. Anxiety of having lung

cancer is a subjective measure on the score 0-10, 0 being no

anxiety of having lung cancer and 10 indicates the highest

degree of anxiety for lung cancer. 

In addition to above three feasibility features, we also eval-

uated the effectiveness of smoking cessation counselling

which provided to all current smokers participated in lung

cancer screening. Negative finding from lung cancer screen-

ing can give reassurance for smoking. K-LUCAS thus analy-

sed the effectiveness of smoking counselling by comparing

Jaeho Lee, Protocol for Korean Lung Cancer Screening Project

Eligible participants who are aged 55-74 (n=7,069) 

Eligible candidates for K-LUCAS (n=400) 

Participated in pilot test (n=256)

National Cancer Screening Program participants aged 40
or older with smoking history (n=12,792)

Eligible participants with a 30 pack-year or
more history of smoking (n=681) 

Screened from National Cancer Screening 
Program path (n=246)

Rejected to participate in lung cancer screening (n=154)

Excluded by exclusion criteria (n=281)

Participated from smoking clinics path (n=10)

Fig. 3. Participant flow to screening in pilot test. K-LUCAS, Korean Lung Cancer Screening Project.
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participant’s willingness to quit smoking before and after

lung cancer screening. Willingness to quit smoking is a sub-

jective measure on the score 0-10 where score zero indicates

no intention to quit smoking and score 10 indicates the high-

est degree of willingness to quit smoking. 

Participants’ satisfaction on screening processes and will-

ingness to participate again in lung cancer screening in future

were also surveyed to assess the participant compliance with

the developed protocol for K-LUCAS. 

3. Statistical analysis

The association between demographic characteristics and

smoking status were evaluated using chi-square test. The

changes in willingness to quit smoking and the changes in

participant’s anxiety of having lung cancer before and after

LDCT screening were evaluated by paired t test. All statisti-

cal analyses were performed using STATA software ver. 14

(Stata Corp. L.P., College Station, TX).

4. Ethical statement

Informed consent was obtained from all study participants

in pilot test, and this study was approved by the Institutional

Review Board of the National Cancer Center, Korea (IRB No.

NCC2016-0255). 

Results

1. Participants in pilot test

Fig. 3 shows participant flow to participation in the pilot

test. A total of 12,792 visitors aged 40 or older with smoking

history participated in national cancer screening and 7,069

(55.3%) of the total visitors met our age criteria. Among these

7,069 visitors, 681(9.6%) had over 30 pack-year smoking his-

tory. After 281 (41.3%) were excluded by exclusion criteria,

400 national screening program visitors were eligible to lung

cancer screening. After the initial contact to eligible visitors,

154 (21.6%) rejected to participate and the remaining 246 vis-

itors were participated in pilot test. The participant rates to

screening after initial contact to eligible 400 national screen-

ing program visitors was 61.5%. Additionally, 10 visitors of

smoking cessation clinics were also participated in pilot test. 

Table 1 summarizes the socio-demographic characteristics

of total 256 participants in the pilot test by their current

smoking status. Only three participants were female and of

the 256 participants, 138 (53.9%) were current smokers and

118 (46.1%) were former smokers. Seventy-nine participants

(57.2%) who currently smoke had a smoking history of more

than 40 pack-years but only 44 former smokers (37.3%)  had

a smoking history over 40 pack-years. There was more num-

ber of older participants in former smokers group than cur-

Cancer Res Treat. 2019;51(4):1285-1294

Table 1.  General characteristics of participants in pilot test by smoking status

Characteristic Current smokers (n=138) Former smokers (n=118) p-valuea)

Sex
Male 136 (98.6) 117 (99.2) 0.559

Female 2 (1.4) 1 (0.8)

Age group (yr)
55-64 106 (76.8) 80 (67.8) 0.107

65-74 32 (23.2) 38 (32.2)

Smoking history (pack year)
< 40 59 (42.8) 74 (62.7) 0.001

! 40 79 (57.2) 44 (37.3)

Years of education
" 9 40 (29.0) 28 (23.7) 0.609

10-12 46 (33.3) 41 (34.7)

! 13 47 (34.1) 45 (38.1)

No answer 5 (3.6) 4 (3.5)

Monthly household income (million won)
" 199 53 (38.4) 36 (30.5) 0.116

200-399 41 (29.7) 49 (41.5)

! 400 36 (26.1) 25 (21.2)

No answers 8 (5.8) 8 (6.8)

Values are presented as number (%). a)Analyzed by chi-square test.
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rent smokers group. However, the difference was not statis-
tically significant. Also current smokers were less educated
and had lower income than former smokers. However, the
differences were not statistically significant.

2. LDCT results

Of the 256 participants in the pilot test, 19 (7.4%) had pos-
itive screening results; 10 (3.9%) were category 3 and nine
(3.5%) were category 4. One participant (0.4%) was diag-
nosed as lung cancer. The false-positive rate was 94.7%. Table
2 demonstrates LDCT results by participating screening hos-
pitals in pilot test. No adverse event after a diagnostic pro-
cedure is reported.

3. Psychological harm

Participant’s anxiety of lung cancer had been slightly increa-
sed (Fig. 4). The mean score of anxiety was 4.2 (95% confi-
dence interval, 3.8 to 4.6) before screening but increased to
4.7 (95% confidence interval, 4.3 to 5.1) after screening and
the difference was statistically significant (p=0.031). 

4. Willingness to quit smoking after screening

Of the 256 participants, 138 were current smokers. Among
them 28 did not answer in survey. Results shows an analysis
of remaining 110 currently smoking participants. 

Lung cancer screening participation and smoking cessa-
tion counselling had a positive effect on increasing partici-
pant’s willingness to quit smoking on average (Table 3). The
participant’s willingness to quit smoking increased by 12.7%
after lung cancer screening and the change was statistically
significant (p=0.007). Although not statistically significant,
participants with higher income level showed more willing-
ness to quit smoking after screening than lower income

group. Changes in willingness to quit smoking also seemed
greater for participants with less smoking history and more
education group. 

5. Participant satisfaction with screening process

Participants said they were generally satisfied with lung
cancer screening process. Of 256 total participants, only 21
(8.2%) said they were unsatisfied with general screening pro-
cedure. Among participants, 221 (86.3%) said they are willing
to participate in lung cancer screening again and 197 (77.0%)
said they are willing to recommend lung cancer screening to
other people.

Discussion

This study reports the population based lung cancer
screening protocol developed by multidisciplinary expert

Jaeho Lee, Protocol for Korean Lung Cancer Screening Project

Table 2.  Lung cancer screening results reported based on Lung-RADS by screening hospitals in pilot test 

Lung-RADS BS CB IC NCC Total
(n=42) (n=22) (n=100) (n=92) (n=256)

Negative                237 (92.6)
Cat 1 21 (50.0) 7 (31.8) 35 (35.0) 83 (90.2) 146 (57.0)
Cat 2 17 (40.5) 15 (68.2) 53 (53.0) 6 (6.5) 91 (35.5)

Positive 19 (7.4)
Cat 3 1 (2.4) - 9 (9.0) - 10 (3.9)
Cat 4 3 (7.1) - 3 (3.0) 3 (3.3) 9 (3.5)

Values are presented as number (%). BS, Busan regional cancer center; CB, Chungbuk regional cancer center; IC, Incheon 
regional cancer center; NCC, National cancer center; Cat 1, Lung-RADS category 1; Cat 2, Lung-RADS category 2; Cat 3,
Lung-RADS category 3; Cat 4, Lung-RADS category 4.

De
gr

ee
 o

f a
nx

ie
ty

of
 lu

ng
 c

an
ce

r

10

0

2

4

9

6
7

1

3

5

Before screening After screening

8

Fig. 4. Anxiety of lung cancer before and after lung cancer
screening.

VOLUME 51 NUMBER 4 OCTOBER 2019 1291



committee and the results of a small pilot test which evalu-

ated the feasibility and compliance of the protocol. The pro-

tocol will be adopted to K-LUCAS which will be conducted

by nationwide, multicenter study for evaluating the effec-

tiveness and feasibility to implement nationwide lung cancer

screening program. 

The lung cancer screening program only focuses on high-

risk populations aged between 55-74 years old current and

former smokers (who quit smoking within 15 years) with at

least 30 pack-years of smoking history which is recom-

mended by NCC’s guideline of lung cancer screening using

LDCT [11]. 

The participants in K-LUCAS are recruited from the visi-

tors participating in National Cancer Screening Program or

smoking cessation services who are mandatorily required to

complete a series of questionnaires. The questionnaires con-

sist of a series of questions for the purpose of gathering 

information on demographics, smoking status, smoking his-

tory and health status including cancer history which are dif-

ficult to assess otherwise and enable us to apply inclusion

and exclusion criteria.

A diagnostic accuracy and quality control is the key con-

cern if the National Cancer Screening Program was imple-

mented, especially in Korea where tuberculosis incidence

rate is higher than most Organisation for Economic Co-

operation and Development (OECD) countries [17]. K-LUC-

AS evaluates the capability of distinguishing pulmonary

nodules from tuberculosis granulomas or scares, and the

false-positive rate from screening. Failure to do so would 

result in high false-positives which may cause unnecessary

invasive diagnostic procedures. In an attempt to improve 

diagnostic accuracy and quality control K-LUCAS has stan-

dardised screening results by Lung-RADS in support of net-

work-based diagnosis supporting system using CAD pro-

gram.

A small pilot test was conducted in four regional cancer

hospitals to evaluate the feasibility and compliance of the

protocol developed for K-LUCAS. First, we considered the

positive rates and false-positive rates. Only 7.4% of partici-

pants had positive screening results based on Lung-RADS

(Lung-RADS category 3 or above) and the false-positive rates

was 94.7%. The positive rates and the false-positive rates

after first screening was 27.3% and 96.2% in NLST, respec-

tively [8]. Our network-based diagnostic procedure involv-

ing Lung-RADS seems applicable overwhelming the initial

worries of high tuberculosis incidence rates in Korea. 

Second, smoking counselling service seems effective. A 

recent evidence shows that lung cancer screening can be per-

ceived as a substitute for smoking cessation [19]. A provision

of smoking cessation counselling to currently smoking par-

ticipants would prevent a possible negative implication of

lung cancer screening and promote a long-term benefit of

lung cancer prevention by encouraging smoking cessation

[20]. In the pilot test, lung cancer screening with LDCT had

a positive impact on participant’s willingness to quit smok-

ing. The participant’s motivation to quit smoking increased

Cancer Res Treat. 2019;51(4):1285-1294

Characteristic No.
Mean (95% CI)

Change (%) p-valuea)

Before screening After screening
Total 110 6.3 (5.8-6.9) 7.1 (6.6-7.6) 12.7 0.007

Age group (yr)  
55-64 86 6.3 (5.7-6.9) 7.3 (5.7-6.8) 15.8 0.002

65-74 24 6.5 (5.2-7.8) 6.3 (5.1-7.6) –3.1 0.753

Smoking history (pack year)
< 40 50 6.7 (5.9-7.4) 7.6 (7.0-8.1) 13.4 0.002

! 40 60 6.0 (5.2-6.9) 6.7 (5.9-7.5) 11.7 0.147

Years of education
" 9 31 6.7 (5.6-7.7) 7.3 (6.4-8.1) 9.0 0.149

10-12 39 6.3 (5.4-6.1) 7.2 (6.1-8.2) 14.3 0.161

! 13 38 6.1 (5.1-7.1) 7.0 (6.2-7.8) 14.8 0.054

Monthly household  income (million won)
" 199 46 6.6 (5.7-7.4) 6.8 (6.0-7.6) 3.0 0.427

200-399 32 5.6 (4.6-6.7) 6.6 (5.9-7.3) 17.9 0.025

! 400 28 6.6 (5.4-7.8) 8.0 (6.8-9.2) 21.2 0.125

CI, confidence interval. a)The changes in willingness to quit smoking before and after low-dose computed tomography screen-

ing were evaluated by paired t test.

Table 3. Changes in willingness to quit smoking before and after lung cancer screening by participant characteristics
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by 12.7% after screening on average. 
Despite some promising aspects from the findings of the

pilot test, some still remains controversial. For example, the
participation rates in pilot test was only 61.5%. A strategy to
improve participation rates should be considered in K-LUC-
AS as the volume of participation would be directly linked
to effectiveness of a national screening program if imple-
mented. Previous evidence indicates this would be challeng-
ing because smokers are less likely to participate in cancer
screening than non-smokers due to their pessimistic and 
fatalistic beliefs of health [21-23]. 

The anxiety of having lung cancer after LDCT screening
increased by 11.9% on average in the current pilot test des-
pite all participants visited the screening hospital to receive
a face-to-face LDCT results counselling. However, one
should be cautious about drawing any impulsive conclusion
from this result as more investigation on psychological harm
of lung cancer screening should be undertaken. For example,
it would be interesting to see whether anxiety of having lung
cancer diminishes over time but there was no follow-up 
period in the pilot test. More investigation on harm of lung
cancer screening with LDCT will be undertaken in K-LUCAS
[24].

Lastly, only 8.2% of total participants in the pilot test said
they were unsatisfied with screening process in general and
86.3% of total participants said they are willing to participate
in lung cancer screening again in the future. The participant
compliance to the lung cancer screening protocols appears
good. 

The developed protocol in this study for K-LUCAS is asse-
ssed to be feasible for us to undertake a population-based
lung cancer screening trial with substantially larger sample

size based on the evidence in the pilot test. More discussion
on the feasibility and the effectiveness of implementing a 
national lung cancer screening program will be followed in
K-LUCAS. For example, the feasibility of participant selec-
tion and the quality control will be prioritised in K-LUCAS
which was limited here due to small number of participants.
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Purpose

Women with dense breast are known to be at high risk for breast cancer, but their preva-

lence and number of Korean women are unknown. The current study was to investigate

the distribution of mammographic breast density by age of women undergoing screening

mammography, and to estimate the prevalence of Korean women with dense breasts, quan-

titatively.

Materials and Methods

For obtaining a nationwide representative sample, 6,481 mammograms were collected

from 86 screening units participated in the National Cancer Screening Program for breast

cancer. Based on the American College of Radiology Breast Imaging Reporting and Data

System classification, breast density was evaluated by six breast radiologists, qualitatively.

We applied these breast density distributions to age-specific counts of the Korean women

population derived to mid-year 2017 to estimate the number of Korean women with dense

breasts.  

Results

Overall, 54.4% (95% confidence interval [CI], 52.9% to 55.8%) of women 40 to 69 years of

age had heterogeneously or extremely dense breasts, and this proportion was inversely 

associated with age. Based on the age distribution of Korean women, we estimated that

6,083,000 women (95% CI, 5,919,600 to 6,245,600) age 40-69 years in Korean have

dense breasts. Women aged 40-49 years (n=3,450,000) accounted for 56.7% of this group. 

Conclusion

More than half of Korean women aged 40 and over have dense breasts. To prevent breast

cancer effectively and efficiently, it is necessary to develop a new personalized prevention

strategy considering her status of breast density.

Key words
Breast density, Prevalence, Mammography, Korea
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Introduction

The mammographic breast density (MBD) is the extent of

the radio-opacified fibroglandular tissue of breast in the

mammogram. The MBD, measured qualitatively or quanti-

tatively, is well-known as a risk factor for breast cancer in

Western women [1,2]. Recent studies have reported that it

might be a risk factor in Asian women [3,4]. 

It is used as a surrogate marker of breast cancer prevention

[5] and makes a model for predicting a risk of breast cancer

in individuals more accurate [6]. Moreover, in women with

dense breast, the MBD makes it difficult to detect breast can-

cer, which decreases the accuracy of mammography screen-

ing [7,8].

Age is most likely associated with the MBD, which is 

decreased by age. In addition, anthropometric, parity, and

hormonal factors known as the risk factor of breast cancer

are also associated with the MBD [9]. Although many epi-

demiological studies including immigration studies reported

that there are ethnic and geographic differences in the MBD

[10-14], most of them have a problem of small sample size

and representativeness of populations. In Asian women, the

proportions of women with dense breast may be higher than

those of western women. 

Many Korean women are known to have small breast vol-

ume and a higher proportion of dense breasts [15,16]. How-

ever, to date, there is no study on the distribution of breast

density using a large-scale and representative sample of

asymptomatic Korean women. The objective of this study,

therefore, is to examine the distribution of MBD by age in

women undergoing screening mammography and estimate

the prevalence of Korean women with dense breasts. Using

the recent studies conducted with a representative sample

[17,18], we sought to examine differences between Korean

women and other countries.

Materials and Methods

1. Study population

The Korean Mammographic Density (KoMAD) study was

designed to estimate the prevalence of dense breast repre-

sentatively and to determine the association between breast

density and breast cancer risk in Korean women. It was con-

ducted from January 2012 to December 2014. The design and

study enrolment have been fully described in detail previ-

ously [4,19]. Briefly, the eligible population of this study con-

sisted of women aged 40 years and over who participated in

the National Cancer Screening Program (NCSP) in 2009. To

prevent over-representation of specific regions, the partici-

pants were randomly selected after stratification by 16 ad-

ministrative districts and the proportion of women aged 

! 40 years in each region. To ensure accessibility of mammo-
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Table 1. General characteristics of the study population

SD, standard deviation.

No. (%) (n=6,481)
Age, mean±SD (yr) 55.01±11.0

Age at menarche (yr)
" 13 546 (8.4)

14-16 3,605 (55.6)

! 17 2,279 (35.2)

Missing 51 (0.8)

No. of live births
0 286 (4.4)

1 699 (10.8)

! 2 5,471 (84.4)

Missing 25 (0.4)

Breast feeding (mo)
Never 774 (11.9)

< 12 2,128 (32.8)

! 12 3,578 (55.2)

Missing 1 (0.0)

Age at menopause (yr)
Premenopausal 83 (1.3)

< 45 259 (4.0)

45-54 3,490 (53.9)

! 55 411 (6.3)

Missing 2,238 (34.5)

Hormone replacement therapy
Never 5,433 (83.8)

Ever 720 (11.1)

Missing 328 (5.1)

Oral contraceptive use (mo)
Never 5,224 (80.6)

< 12 622 (9.6)

! 12 320 (4.9)

Missing 315 (4.9)

Past history of benign disease
Yes 528 (8.1)

No 5,459 (84.2)

I do not know 459 (7.1)

Missing 35 (0.5) 

Breast density
Almost entirely fat 1,212 (18.7)

Scattered fibroglandular densities 1,862 (28.7)

Heterogeneously dense 2,212 (34.1)

Extremely dense 1,195 (18.4)
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grams, screening units were restricted to a total amount of
mammograms annually. Imaging data were collected from
a total of 86 screening units representing their respective dis-
trict regions. The mammographic images were obtained
from the screening units in the form of original analog film
copy or Digital Imaging and Communication in Medicine
(DICOM) file. Among the selected women, 962 women
(12.9%) whose were not stored craniocaudal and mediolat-
eral oblique images of both breasts, or whose was not 
re-readable film status, were excluded. Finally, mammo-
grams for 6,481 women were included in this study. 

2. Mammography reading

The MBD was measured qualitatively according to the
American College of Radiology (ACR) Breast Imaging 
Reporting and Data System (BI-RADS) classification (4th edi-
tion) of breast density [20]. Six radiologists who are active
members of the Korean Society of Breast Imaging and breast
specialists in general hospitals participated in this study. To
reduce variability in evaluating MBD, six breast radiologists
were trained in the ACR BI-RADS classification of breast
density. Prior to read mammography images in this study,
the inter-radiologist agreement of ACR BI-RADS classifica-
tion was evaluated. Based on pilot test, radiologists showed
substantial agreement for measurement of MBD: the weighted
kappa value for inter-radiologist agreement was 0.83 (95%
confidence interval [CI], 0.80 to 0.86) [21]. They were paired
into three groups to read MBD. If two radiologists’ read were
not consistent, they discussed to reach an agreement. Each
BI-RADS density grade was classified as follows [20]: almost
entirely fat (0%-25% glandular); scattered fibroglandular
densities (26%-50% glandular); heterogeneously dense (51%-
75% glandular); and extremely dense (76%-100% glandular).
Density classifications were grouped almost entirely fat and

scattered fibroglandular densities as “fatty breasts” and het-
erogeneously or extremely dense as “dense breasts.”

3. Statistical analysis

We used the distribution of MBD by age groups for esti-
mating prevalence of breast density and its 95% CI in Korean
women. For estimating counts of women with a dense breast
by age group, we obtained data from the 2017 Korean Cen-
sus. By multiplying the weighted frequency by the corre-
sponding mid-year population, we calculated a weighted
frequency for each age group. All other statistical analyses
were conducted using SAS Statistical Software, ver. 9.2 (SAS
Institute Inc., Cary, NC).

4. Ethical statement

With permission from the Ministry of Health and Welfare,
informed consent for this study was not required, which was
approved by the Institutional Review Board (IRB) of the 
National Cancer Center, IRB number NCC2014-0065.

Results

Table 1 shows the characteristics of the study participants
and their breast densities. About 11.1% of the participants 
reported having used hormones. This study included 1,212
women (18.7%) in the “almost entirely fat,” 1,862 women
(28.7%) in the “scattered fibroglandular densities,” 2,212
women (34.1%) in the “heterogeneously dense,” and 1,195
women (18.4%) in the “extremely dense” groups.

Fig. 1 shows the distribution of breast density measured
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by four BI-RADS categories for women aged 40 years and
older in this study. The highest proportions by each age
group were as follows: extremely dense (44.2%) for aged 40-
44 years, heterogeneously dense (43.7%) for aged 45-54 years,
scattered fibroglandular tissue (40.5%) for aged 55-64 years,
and almost entirely fat (53.2%) for aged 65 years and older.
The proportions of dense breasts declined with increasing
age. Similar trends were observed when stratified by health
insurance status (S1 Fig.). It sharply decreased in Korean
women aged 55-59 years. Women with dense breasts in their
40s showed more than 70%, but they fell to less than 10%
from the age of 65. Overall, 45.6% (95% CI, 44.2% to 47.0%)
in the Korean women aged 40 years and older, which was
estimated at 6,420,226 women (95% CI, 6,223,110 to 6,617,340)
had heterogeneously or extremely dense breasts (Table 2).
For women aged 40 to 69 years, 54.4% (95% CI, 52.9 to 55.8)
and 6,083,000 women (95% CI, 5,919,600 to 6,245,600) were
estimated, respectively.

Our results were compared with prior studies conducted
in United States and China is presented in Fig. 2. Similar to
our results, the prevalence of MBD in United States and Chi-
nese women decreased with increasing age. Until the age of
60, the prevalence of MBD of Korean women was higher
than that of U.S. women. At age 60, U.S. women with dense
breasts began to outstrip Korean women with dense breasts.
Within comparable age groups, the trend in Chinese women
was similar to that in Korean women.

Discussion

We quantitatively estimated Korean women with dense
breasts, which might be one of major risk factors for breast

cancer. Among all Korean women aged 40 years and over,
who are the target population of the NCSP for breast cancer,
we estimated that the proportion of women with heteroge-
neously or extremely dense breasts is approximately 45.6%,
corresponding to approximately 6,420,226 Korean women.
Restricted to aged 40-69 years, which most guidelines for
breast cancer screening recommend, the proportion was 
increased to 54.4% (6,083,000 women). 

In comparison to Sprague et al.'s study [17], we found dif-
ferences in the distribution of mammographic density accor-
ding age group between women in Korean and United
States. There result of the overall tendency with aging was
similar to our results. However, the proportion of women
with dense breasts in Korean was higher than 80% until their
late 40s, and then there was a sharp decrease in the propor-
tion upper 50 years. By comparing the characteristic change
in breast, it is that Korean women in aged between 40 and 54
years were a much greater proportion of dense breasts than
U.S. women, and that the transfer from dense breasts to fatty
breasts tends to change more rapidly than U.S. women. Our
results in the proportion of breast density according age
group are similar to prior studies in China and Japan. The
proportion of women with dense breasts in China and Japan
was higher in under 50 years of age, and then breast density
tends to decrease with increasing age. But, Ishihara et al. [22]
has limitation in making comparisons with our results 
because a quoted age standards are different and absolute
density was not evaluation in their study. 

Since 2002, the NCSP for breast cancer has been conducted
for all Korean women aged 40 years old and over, biennially.
To date, the participation rate is about 52% and more than
3.3 million women are receiving screening mammography
each year [23]. Higher recall rates of NCSP, especially over
20% in aged 40s than those of other screening programs in
Western countries was reported [24]. Women with extremely
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dense breast were 7 times more likely to recall than women
with almost entirely fatty breast [25]. It might be due to risk
of interval cancer in women with dense breast and concerns
about subsequent medical litigation. 

An important effect of high breast density is the risk of a
false-negative mammography finding due to the masking 
effect of dense tissue [7,8]. An interval cancer diagnosed in
woman with dense breasts has led to legislation in the United
States that mandates disclosure of breast density information
to women undergoing mammography screening. Since
breast density notification law was first enacted in Connecti-
cut in 2009, it has been put into effect in 35 states and requires
direct screen notification on mammographic results indicat-
ing the presence of dense breasts [26]. It has been estimated
that more than 25 million women with dense breasts in the
United States could be affected by the breast density notifi-
cation laws [17]. On the other hand, in Korea, the NCSP
started to record breast density information in 2009, but it
does not notified to participants.

Some limitations of this study regarding interpreting result
exist. First, we evaluated MBD according BI-RADS density
classification qualitatively. Although the BI-RADS classifica-
tion is widely used, its assessments depend on the ability and
experience of radiologists and may show reader variability.
In order to overcome the limitations of qualitative methods,
quantitative breast density analysis is needed with more 
objective and higher reproducibility, but supplying digital
radiographic system for mammography is essential. Second,
we could not consider the other factors that can influence
breast density in this study, such as the body mass index, 
reproductive and hormonal factors, or socioeconomic status.
However, our study minimized the effects of these external
factors by applying a representative sampling strategy.
Third, there were discrepancies between the time when the
survey was conducted and the yearly population data used
for estimation of the counts of women with dense breasts.
Although there is no evidence that the prevalence of MBD

by age changes with the calendar year, further studies are 
required to determine the changes in breast density over time
through repeated measurements.

Despite these limitations, our study is meaningful because
this is nationwide survey for estimating the distribution of
MBD among Korean women and counting women with
dense breasts quantitatively. It could be utilized as principal
evidence for developing the preventing strategy for breast
cancer such as screening.

Our results indicate the underlying prevalence of dense
breasts among the Korean women aged 40 years and older.
More than half of the Korean women have dense breasts. In
spite of limited evidences [27], Korean women with dense
breasts are recommended supplemental screening such as
breast ultrasonography. More than 19,000 breast cancers are
newly diagnosed each year and it is expected that the num-
ber will continue to increase in near future [28,29]. To prevent
breast cancer effectively and efficiently, it is necessary to 
develop a new personalized prevention strategy considering
her status of breast density.
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Body Cavity–Based Lymphoma in a Country with Low Human 
Immunodeficiency Virus Prevalence: A Series of 17 Cases from the
Consortium for Improving Survival of Lymphoma
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Purpose
Primary effusion lymphoma (PEL) is a type of body cavity–based lymphoma (BCBL). Most
patients with PEL are severely immunocompromised and seropositive for human immun-
odeficiency virus (HIV). We investigated the distinctive clinicopathologic characteristics of
BCBL in a country with low HIV burden.

Materials and Methods
We retrospectively collected data on the clinicopathologic characteristics, treatments, and
outcomes of 17 consecutive patients with BCBL at nine institutions in Korea.  

Results
Latency-associated nuclear antigen 1 (LANA1) immunostaining indicated that six patients
had PEL, six patients had human herpesvirus 8 (HHV8)–unrelated BCBL, and five patients
had HHV8-unknown BCBL. The patients with PEL exhibited no evidence of immunodefi-
ciency except for one who was HIV positive. One (20%) and four (80%) patients with PEL
and six (100%) and zero (0%) patients with HHV8-unrelated BCBL were positive for CD20
and CD30 expression, respectively. The two patients with PEL (one HIV-positive and one
HIV-negative patient) with the lowest proliferation activity as assessed by the Ki-67 labeling
index survived for > 1 and > 4 years without chemotherapy, respectively, in contrast to the
PEL cases in the literature, which mostly showed a high proliferation index and poor survival. 

Conclusion
PEL mostly occurred in ostensibly immunocompetent individuals and had a favorable out-
come in Korea. A watchful waiting approach may be applicable for managing HIV-seroneg-
ative patients with PEL with a low Ki-67 labeling index. A possible trend was detected among
LANA1, CD20, and CD30 expression in BCBL.
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Body cavity-based lymphoma, Primary effusion lymphoma, 
Human herpesvirus 8, Human immunodeficiency virus, 
Immunophenotype
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Introduction

Primary effusion lymphoma (PEL) is a rare subtype of non-
Hodgkin lymphoma (NHL) characterized by lymphomatous
effusions in body cavities with or without extracavitary
tumor formation [1]. Following the discovery of its universal
association with human herpesvirus 8 (HHV8) infection [2],
PEL was established as a distinct clinical entity and incorpo-
rated into the World Health Organization (WHO) classifica-
tion system for lymphoid neoplasms [3,4]. PEL mostly occurs
in patients with human immunodeficiency virus (HIV) infec-
tion [2,4]. In the four largest published series of PEL cases,
each including 11-34 patients with classic (body cavity-
based) PEL, more than 90% of the patients were young-
to-middle-aged males who had HIV risk factors such as 
homosexuality or intravenous drug abuse [5-8]. Although
non-HIV–associated PEL has occasionally been observed, the
patients were either elderly (! 78 years of age) or recipients
of an organ transplant, or the disease developed in an artifi-
cial cavity related to a breast implant capsule, suggesting that
systemic or local immunocompromising conditions were 
involved in the lymphomagenesis [4,9-11]. On the basis of
those observations, it is considered unusual for PEL to occur
in immunocompetent individuals.

Since the establishment of PEL as a subcategory of NHL,
there have been numerous reports of HHV8-unrelated body
cavity-based lymphoma (BCBL) [12-18], a provisional entity
that does not fulfill the diagnostic criteria of PEL because of
the absence of HHV8 infection in neoplastic cells [3]. HHV8-
unrelated BCBL has a remarkable clinicopathologic similar-
ity to PEL in terms of its effusion-based growth and its large,
pleomorphic, immunoblastic-to-anaplastic cytomorphology
[17,18]; however, it differs from PEL in important aspects: (1)
it commonly affects immunocompetent individuals and 
females; (2) the tumor cells often express pan-B-cell markers
including CD19, CD20, and CD79a; and (3) the combination
chemotherapy with or without rituximab shows promising
efficacy, resulting in a better prognosis compared with that
of PEL [16-18]. Therefore, it is important to differentiate 
between HHV8-unrelated BCBL and PEL to ensure proper
management and prognostication of patients.

Because HIV/acquired immunodeficiency syndrome
(AIDS) confers significant morbidity and mortality due to
opportunistic infections and various malignancies, HIV-
unrelated PEL may exhibit distinctive clinical features and
have a different prognosis compared with typical HIV-
related PEL. Most, if not all, patients with PEL have been 
described in North America and Europe [4-8], whereas
around 60% of patients described with HHV8-unrelated
BCBL are Japanese [16-18]. That remarkable imbalance in
case distribution is in line with the low prevalence of HIV/

AIDS, the strongest risk factor for PEL, in eastern Asia [19].
Given the rarity of HIV/AIDS in eastern Asia, studies of PEL
in patients from that area may provide novel insights into
the nature of the disease.

Here we describe the clinicopathologic characteristics and
outcomes of a series of 17 patients with BCBL in South Korea.
The aim of this study was to identify the distinctive clinico-
pathologic characteristics and outcomes of BCBL in a country
with low HIV burden. To our knowledge, this series repre-
sents the largest collection of novel cases of HIV-unrelated
PEL and the largest Asian BCBL cohort that is independent
of the existing literature.

Materials and Methods

1. Case selection

This retrospective study included all consecutive patients
diagnosed with BCBL from April 2002 to October 2016 at
nine institutions in South Korea. We defined BCBL as NHL
that (1) presented exclusively or predominantly as a malig-
nant effusion with or without extra-cavitary lesions, (2) was
confirmed either by cytological evaluation of the malignant
effusion or by tissue biopsy that revealed cytomorphology
characteristic of PEL, and (3) did not meet the diagnostic cri-
teria for any subtype of NHL other than PEL as per the cur-
rent WHO classification on the basis of the clinical history,
cytomorphology, immunophenotype, and genetic alterations
(e.g., c-myc gene rearrangement in Burkitt lymphoma). We
excluded patients diagnosed with Burkitt or Burkitt-like lym-
phoma, plasmablastic lymphoma, anaplastic large cell lym-
phoma, and pyothorax-associated lymphoma (designated as
‘diffuse large B cell lymphoma associated with chronic 
inflammation’ in the 2016 WHO classification) [3]. 

2. Data collection

We collected the following data for each patient via med-
ical records review: demographics; sites of involved body
cavities and extra-cavitary lesions; performance status; inter-
national prognostic index score; medical histories including
hepatitis B virus (HBV), hepatitis C virus (HCV), and HIV
infections, co-occurring malignancies (e.g., Kaposi’s sar-
coma), multicentric Castleman disease, autoimmune disease,
and iatrogenic immunosuppression such as organ transplan-
tation, immunosuppressant administration, or cytotoxic
chemotherapy; initial laboratory profiles; treatment history;
and outcome. We reviewed pathology reports for all of the
patients to confirm the diagnosis of BCBL and to obtain 
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immunophenotype information. The HHV8 infection status
of lymphoma cells was determined by immunocytochemical
staining for latency-associated nuclear antigen 1 (LANA1)
using mouse anti-HHV8 monoclonal antibodies (Cell Marq,
Hot Springs, AR) and the Ventana BenchMark XT auto-
stainer (Ventana Medical Systems, Tucson, AZ). Coinfection
with Epstein-Barr virus (EBV) was assessed by in situ hybri-
dization for EBV-encoded small RNA (EBER). 

3. Statistical analysis

We divided the patients into three groups on the basis of
the LANA1 immunostaining results—those with PEL (LAN-
A1 positive), those with HHV8-unrelated BCBL (LANA1
negative), and those with HHV8-unknown BCBL (not tested
for LANA1 expression)—to describe and compare their clin-
icopathologic characteristics and prognoses. We summarized
the data as medians (ranges) for continuous variables and
numbers (%) for discrete variables. We used the International
Working Group response criteria to assess the response to
treatment [20]. We defined progression-free survival (PFS)
as the time from diagnosis to disease progression or death
from any cause, whichever occurred first. To estimate PFS,
we censored patients who were progression-free and alive at
the time of the last assessment of the disease state. We 
defined overall survival (OS) as the time from diag-nosis to
death from any cause. To estimate OS, we censored patients
who were alive at the last follow-up date. We used the 
Kaplan-Meier method to estimate the median PFS and OS.
No statistical test was performed because of the small num-
ber of cases.

4. Ethical statement

The Institutional Review Board at each participating insti-
tution reviewed and approved the study protocol (Seoul 
National University Hospital Institutional Review Board 
approval number: H-1511-051-718). Patient consent was
waived because of the retrospective nature of the study and
lack of patient interaction. We carried out all study proce-
dures including data collection and analyses in accordance
with the ethical standards of the Helsinki Declaration (revi-
sed in 2013; World Medical Association).

Results

1. Clinical characteristics

We identified a total of 17 BCBL cases. LANA1 immunos-
taining results were available for 12 patients, of which six
were positive for LANA1 (indicating PEL) and six were neg-
ative for LANA1 (indicating HHV8-unrelated BCBL). The
demographic and clinical characteristics of the patients are
described in Table 1 and summarized for the entire cohort
and for subgroups based on HHV8 positivity in Table 2. All
of the patients were native Koreans of the Asian race. Diag-
nosis of BCBL was made by cytological evaluation of lym-
phomatous effusion in 12 patients (70.6%) and by tissue
biopsy in the remaining five patients (29.4%)—pleural biopsy
in four patients and cervical lymph node biopsy in one pati-
ent. At the time of diagnosis, four patients with PEL and one 
patient with HHV8-unrelated BCBL had B symptoms (fever,
weight loss, or night sweats). The male-to-female ratio was
5:1 in both the PEL cohort and the HHV8-unrelated BCBL
cohort and 1:4 in the HHV8-unknown BCBL cohort. Except
in two patients (one with PEL who had cervical lymph node
and bone marrow lesions and one with HHV8-unknown
BCBL who had a lung lesion, all of which were pathologi-
cally confirmed), BCBL presented exclusively as malignant
effusions involving one or multiple body cavities (Tables 1
and 2). The pleural space was the most frequently involved
body cavity in all three categories of BCBL. Interestingly, one
case of HHV8-unrelated BCBL exclusively involved the vit-
reous body of the eye (case 7) (Table 1).

Only one of the 17 patients with BCBL had HIV infection
(case 3) (Table 1). Except for that patient, no patient had any
apparent history of immunocompromising conditions or 
iatrogenic immunosuppression. One patient with PEL and
one patient with HHV8-unknown BCBL were positive for
HBV surface antigen. One patient with HHV8-unrelated
BCBL was positive for anti-HCV antibody; however, a reverse
transcription-polymerase chain reaction assay did not detect
HCV RNA, indicating that the HCV infection was resolved.
None of the patients had any history of Kaposi’s sarcoma,
multicentric Castleman disease, or autoimmune disease.
Blood cell counts were unremarkable for most patients; one
patient who had HBV-related liver cirrhosis showed moder-
ate thrombocytopenia with a platelet count of 66,000/µL at
the time of PEL diagnosis (Table 2).

2. Immunophenotype and EBV status

A representative case of PEL with a characteristic cytomor-
phology and immunohistochemical staining pattern for
LANA1 is shown in Fig. 1. The results of immunophenotypic
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analysis and in situ hybridization for EBER are shown in 
Fig. 2. All six patients with PEL had diffuse and strong pos-
itivity for LANA1. Three of the six patients (50%) with PEL
were positive for EBER, whereas all but one of the patients
(83.3%) with HHV8-unrelated BCBL were negative for EBER.
Of the five patients with PEL who were tested for CD20 
expression, one was weakly positive (20%); that patient also
displayed CD79a expression with focal positivity (case 3). In
contrast, all six patients with HHV8-unrelated BCBL were

positive for CD20 expression. In the reports in the literature,
lymphocyte activation markers CD30 and CD38, pan-leuko-
cyte marker CD45, and plasma cell differentiation marker
CD138 are all commonly expressed in patients with PEL [16].
Results for CD30, CD38, CD45, and CD138 were positive in
four of five (80%), two of two (100%), one of three (33.3%),
and four of five (80%) patients with PEL who were tested for
those markers in our study, respectively. In contrast, results
for CD30 and CD138 were negative in three of three (100%)

Table 2.  Patient characteristics of the entire cohort and subgroups based on HHV8 positivitya)

Characteristic Entire PEL HHV8-unrelated HHV8-unknown
cohort (n=17) (n=6) BCBL (n=6) BCBL (n=5)

Age at diagnosis (yr) 73 (39-87) 68.5 (59-87) 76 (59-83) 73 (39-86)   
Sex

Male 11/17 (64.7) 5/6 (83.3) 5/6 (83.3) 1/5 (20.0)
Female 6/17 (35.3) 1/6 (16.7) 1/6 (16.7) 4/5 (80.0)

Site of lymphoma involvement
Pleural cavity 15/17 (88.2) 6/6 (100) 4/6 (66.7) 5/5 (100)
Pericardial cavity 4/17 (23.5) 1/6 (16.7) 3/6 (50.0) 0/5 (0)
Peritoneal cavity 4/17 (23.5) 1/6 (16.7) 1/6 (16.7) 2/5 (40.0)
Extra-cavitary lesionb) 2/17 (11.8) 1/6 (16.7) 0/6 (0) 1/5 (20.0)

ECOG PS at diagnosis
0-1 10/17 (58.8) 3/6 (50.0) 3/6 (50.0) 4/5 (80.0)
2-4 7/17 (41.2) 3/6 (50.0) 3/6 (50.0) 1/5 (20.0)

IPI risk group
Low (0-1) 3/16 (18.8) 2/5 (40.0) 1/6 (16.7) 0/5 (0)
Low-intermediate (2) 1/16 (6.2) 0/5 (0) 0/6 (0) 1/5 (20.0)
High-intermediate (3) 4/16 (25.0) 1/5 (20.0) 2/6 (33.3) 1/5 (20.0)
High (4-5) 8/16 (50.0) 2/5 (40.0) 3/6 (50.0) 3/5 (60.0)

Comorbidity
HIV 1/17 (5.9) 1/6 (16.7) 0/6 (0) 0/5 (0)
HBV 2/17 (11.8) 1/6 (16.7) 0/6 (0) 1/5 (20.0)
HCV 1/17 (5.9) 0/6 (0) 1/6 (16.7) 0/5 (0)
Co-occurring malignancy 1/17 (5.9)c) 1/6 (16.7)c) 0/6 (0) 0/5 (0)

Laboratory profile at diagnosis
WBC ! 10,000/µL 3/17 (17.6) 1/6 (16.7) 0/6 (0) 2/5 (40.0)
Hemoglobin < 10 g/dL 4/17 (23.5) 1/6 (16.7) 2/6 (33.3) 1/5 (20.0)
Platelet < (130"103)/µL 1/17 (5.9) 1/6 (16.7) 0/6 (0) 0/5 (0)
Serum albumin < 3.5 g/dL 12/17 (70.6) 5/6 (83.3) 5/6 (83.3) 2/5 (40.0)
Serum creatinine ! 1.5 mg/dL 3/17 (17.6) 1/6 (16.7) 1/6 (16.7) 1/5 (20.0)
LDH above normal 13/16 (81.2) 4/6 (66.7) 4/5 (80.0) 5/5 (100)
!2-microglobulin ! 3.5 mg/dL 5/10 (50.0) 2/4 (50.0) 2/5 (40.0) 1/1 (100)
C-reactive protein ! 0.8 mg/dL 17/17 (100) 6/6 (100) 6/6 (100) 5/5 (100)

Values are presented as median (range) or number (%). HHV8, human herpesvirus 8; PEL, primary effusion lymphoma;
BCBL, body cavity-based lymphoma; ECOG PS, Eastern Cooperative Oncology Group performance status; IPI, international
prognostic index; HIV, human immunodeficiency virus; HBV, hepatitis B virus; HCV, hepatitis C virus; WBC, white blood
cell; LDH, lactate dehydrogenase. a)The proportions are calculated as the frequency divided by the total number of evaluable
patients for each characteristic, b)Extra-cavitary lesions were present in one patient with PEL who had both bone-marrow
and cervical lymph-node lesions and one patient with HHV8-unknown BCBL who had a lung lesion, c)Lung cancer.
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and two of two (100%) patients with HHV8-unrelated BCBL

who were tested for those markers, respectively. Results for

multiple myeloma oncogene 1/interferon regulatory factor

4 were positive in six of seven patients tested (85.7%), includ-

ing two patients with PEL, three patients with HHV8-unre-

lated BCBL, and one patient with HHV8-unknown BCBL.

Results for immunoglobulin ! and " light chains were nega-

tive in all seven of the patients tested. Among the five pati-

ents with PEL and four patients with HHV8-unrelated BCBL

who were tested for the fraction of Ki-67–positive tumor cells

(Ki-67 labeling index), three with PEL had a Ki-67 labeling

index ! 40% (cases 3 and 4, 30%; case 1, 40%), indicating a

Fig. 2.  Immunophenotypic analysis and in situ hybridization for Epstein-Barr virus–encoded small RNA (EBER). The cases

are presented in the same order as in Table 1. Latency-associated nuclear antigen 1 (LANA1) and EBER are shown in the

first and second columns, respectively, while the remaining markers are arranged in descending order of the number of

cases in which they were analyzed. All markers that were stained in at least one case are shown. Blank tiles indicate that 

assays were not performed or data were not available. MUM1, multiple myeloma oncogene 1; IRF4, interferon regulatory

factor 4; !, immunoglobulin ! light chain; ", immunoglobulin " light chain.
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low proliferative activity and indolent disease, whereas all
four with HHV8-unrelated BCBL had a Ki-67 labeling index
! 50% (case 8, 95%; cases 10 and 11, 90%; case 12, 50%). 
Immunophenotype data were limited for the patients with
HHV8-unknown BCBL; CD20 and CD45 were expressed in
all two (100%) and three (100%) of the patients with HHV8-
unknown BCBL who were tested, respectively.

3. Treatment and response

Fourteen patients were treated with cytotoxic chemother-
apy. Three of the patients with PEL did not receive any che-
motherapy because of old age (cases 4 and 5) or an unknown
reason (case 3). The first-line treatments are summarized in
Table 3. Most patients received combination chemotherapy
of cyclophosphamide, doxorubicin, vincristine, and predni-
solone (CHOP) with (n=5) or without (n=5) rituximab. All
three patients with PEL who were treated with chemother-
apy were negative for CD20 and received CHOP alone as a
first-line treatment. All but one of the patients with HHV8-
unrelated BCBL (all positive for CD20) received rituximab-

containing regimens such as rituximab plus CHOP (R-CHOP,
n=4) or rituximab plus cyclophosphamide, vincristine, and
prednisolone (R-CVP, n=1). The remaining patient with
HHV8-unrelated BCBL, who presented with a malignant 
effusion involving only the vitreous cavity of the eye, was
treated with high-dose methotrexate, which resulted in com-
plete remission (CR). The first-line regimens were more het-
erogeneous in the HHV8-unknown BCBL cohort (Table 3).

We had response information for 12 of the 14 patients that
received cytotoxic chemotherapy. Overall, nine patients
(75%) achieved CR and three patients (25%) achieved partial
remission (PR) after the first-line treatment. R-CHOP resul-
ted in CR in all five of the patients who received it (four with
HHV8-unrelated BCBL and one with HHV8-unknown
BCBL). CHOP alone resulted in one PR and one CR in the
PEL cohort and two CRs in the HHV8-unknown BCBL 
cohort. Two patients with HHV8-unknown BCBL who were
treated with cyclophosphamide, vincristine, and predniso-
lone (CVP)-based regimens achieved PR (cases 14 and 15).
One patient with PEL who received CHOP and achieved CR
experienced relapse of the lymphoma at 28 months after ini-

Table 3.  First-line chemotherapy regimens

Regimen
Entire PEL HHV8-unrelated HHV8-unknown

cohort (n=17) (n=6) BCBL (n=6) BCBL (n=5)

CHOP 5 (29.4) 3 (50.0) 0 ( 2 (40.0)     
R-CHOP 5 (29.4) 0 ( 4 (66.7) 1 (20.0)
CVP 1 (5.9) 0 ( 0 ( 1 (20.0)
R-CVP 2 (11.8) 0 ( 1 (16.7) 1 (20.0)
HD-MTX 1 (5.9) 0 ( 1 (16.7) 0 (
No chemotherapy 3 (17.6) 3 (50.0) 0 ( 0 (

Values are presented as number (%). PEL, primary effusion lymphoma; HHV8, human herpesvirus 8; BCBL, body cavity-
based lymphoma; CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisolone; R-CHOP, rituximab plus CHOP;
CVP, cyclophosphamide, vincristine, and prednisolone; R-CVP, rituximab plus CVP; HD-MTX, high-dose methotrexate. 

Table 4.  Comparison of clinical characteristics and outcome of classic PEL cases between the historical controlsa) and the
present cohort

Characteristic
Nador Boulanger Simonelli Boulanger Guillet Present

et al. [4] et al. [5] et al. [6] et al. [7] et al. [8] cohort

No. of cases 15 12 11 28 34 6 
Male-to-female ratio 15:0 12:0 10:1 27:1 31:3 5:1
Age, median (range, yr) 44 (31-85) 43.5 (33-66) 41 (26-58) 44 (33-78) 45 (40-54) 68.5 (59-87)
HIV positivity rate (%) 87 100 100 100 100 17
Median survival 5 mo 5.6 mo 6 mo 6.2 mo 10.2 mo 4.1 yr

PEL, primary effusion lymphoma; HIV, human immunodeficiency virus. a)The five largest case series of PEL reported thus
far (to our knowledge) were used for comparison.

1308 CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2019;51(4):1302-1312



tial diagnosis and was subsequently treated with ifosfamide,
carboplatin, and etoposide (ICE) combination chemotherapy
followed by autologous hematopoietic stem cell transplan-
tation (autoHSCT), which resulted in PR (case 6). 

4. Survival

The PFS and OS of each patient are described in Table 1.
During a median follow-up period of 1.4 years (range, 0.2 to
14.4 years), one patient with PEL (5.9% overall) experienced
disease progression, and three patients (17.6% overall) died,
one each with PEL (case 4), HHV8-unrelated BCBL (case 7),
and HHV8-unknown BCBL (case 14). The cause of death was
unknown for the patient with PEL and pneumonia for the
other two patients. 

The patient with PEL that showed the lowest tumor cell
growth fraction (case 4) survived for > 4 years without any
chemotherapy. Another patient with PEL who had HIV 
infection (case 3) survived for > 1 year without chemother-
apy. The patient with PEL that relapsed 28 months after CR
lived for > 12 years thereafter with salvage ICE chemother-
apy and autoHSCT (case 6). In the PEL, HHV8-unrelated
BCBL, and HHV8-unknown BCBL cohorts, the median PFS
was 3.2 years, 5.5 years, and not reached, respectively, and
the median OS was 4.1 years, 5.5 years, and not reached, res-
pectively.

Discussion

We described 17 patients with BCBL diagnosed in South
Korea with a focus on clinicopathologic characteristics and
outcomes. We divided the patients into three categories
based on the results of immunocytochemical staining for
LANA1, which is currently the standard assay to detect
HHV8 infection in lymphoma cells, an essential requirement
for a diagnosis of PEL [1]. We found a remarkable lack of 
association between immunocompromising conditions and
PEL. Only one of six patients with PEL was HIV seropositive,
and no other patient had a prior history of organ transplan-
tation, immunosuppressant treatment, or cytotoxic chemo-
therapy. Therefore, five of the six patients with PEL in our
series were ostensibly immunocompetent. By contrast, more
than 90% of patients with PEL described in the literature are
HIV seropositive, mostly with severely decreased circulating
CD4-positive T cell counts (Table 4) [4-8]. That remarkable
difference in the rate of HIV seropositivity among patients
with PEL between our series and the patients described in
the literature—most of whom are Caucasians from regions
with moderate-to-high HIV prevalence—is in line with the

fact that South Korea has one of the lowest HIV burdens
worldwide, with an HIV seroprevalence of only 0.003%-
0.01% [21].

Patients with PEL in our study had a favorable prognosis
with a median OS of 4.1 years, whereas those in previous
studies consistently had poor outcomes, with a median OS
of around 6 months (Table 4) [4-8]. Most patients in the liter-
ature with PEL and HIV infection had severe immunodefi-
ciency at the time of PEL diagnosis, with more than 60%
having a prior history of AIDS-related illness and a CD4-pos-
itive T cell count of < 200/µL [4-8]. Four out of eight deaths
in a previous series of patients with HIV infection and PEL
were due to causes unrelated to PEL, such as sepsis or hemo-
ptysis [5]. In addition, there have been several reports in
which patients with HIV infection and PEL were successfully
treated with antiretroviral therapy alone [6,22,23]. In the
present cohort, two patients with the lowest Ki-67 labeling
index (30%) survived for 14 and 49 months each without hav-
ing had chemotherapy at the end of follow-up, which is in
contrast to the PEL patients in the literature who mostly
demonstrated a high proliferation index [24]. Taken together,
our findings suggest that the poor outcomes observed in his-
torical PEL cases are largely due to HIV-related complica-
tions, such as opportunistic infections and malignancies,
rather than to PEL. In that case, watchful waiting with only
supportive measures such as drainage of the effusion would
be appropriate for the management of chemotherapy-intol-
erant, HIV-seronegative patients with PEL. In particular, PEL
with low proliferation activity might represent an indolent
subset that patients can survive for a long time, suggesting
the potential value of Ki-67 immunostaining for the prognos-
tic stratification of PEL. Given the small size and the retro-
spective nature of our case series, future prospective studies
are needed to confirm those hypotheses.

Although the detection of HHV8 infection in neoplastic
cells is essential to make a diagnosis of PEL as per the WHO
criteria [3], we found that five out of 17 patients with BCBL
were not tested for HHV8 positivity, and the majority of pati-
ents with HHV8-unrelated or HHV8-unknown BCBL were
mislabeled as having PEL in their medical records or pathol-
ogy reports (data not shown). The frequent misdiagnosis of
HHV8-unrelated BCBL as PEL is due in part to the lack of a
specific subcategory describing HHV8-unrelated BCBL in the
current NHL classification despite its unique clinical features
[17]. For that reason, there are many different terms for
HHV8-unrelated BCBL in the literature, such as HHV8-
unrelated PEL-like lymphoma [15,18], HHV8-negative 
malignant effusion lymphoma [14], and HHV8-negative 
effusion-based lymphoma [17], causing difficulties in clari-
fying their clinical entity. Discrimination between PEL and
HHV8-unrelated BCBL is crucial, because patients with
HHV8-unrelated BCBL have a high expression rate (> 80%)
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of pan-B-cell markers including CD20, whereas those with
PEL do not [16-18], which means that rituximab should have
therapeutic value for HHV8-unrelated BCBL but not for PEL.
Indeed, in our study, all four patients with HHV8-unrelated
BCBL who were treated with R-CHOP achieved CR. 

In our study as well as in the literature, patients with PEL,
but not those with HHV8-unrelated BCBL, were frequently
positive for CD30 expression [7,8,16]. The high rate of CD30
expression in PEL is reminiscent of other CD30-expressing
lymphomas such as anaplastic large cell lymphoma, Hodg-
kin lymphoma, and a subset of diffuse large B-cell lym-
phoma, for which brentuximab vedotin, an anti-CD30 anti-
body conjugated to the anti-microtubule agent monomethyl
auristatin E, has shown antitumor activity [25-28]. In a recent
preclinical study, brentuximab vedotin demonstrated a pro-
mising antitumor effect on PEL cell lines and xenograft mice,
urging further investigation in clinical trials [29]. The find-
ings of our study suggest that physicians should give more
attention to precise discrimination between HHV8-unrelated
BCBL and PEL for optimal management and clinical trial 
design.

Our study has several limitations. First, the small number
of cases and the incompleteness of the data preclude drawing
firm conclusions in many aspects. For instance, we could not
determine whether the tumor cell immunophenotype of PEL
differed between immunocompetent patients and immuno-
compromised patients. Although our results suggest that
PEL may have more favorable outcomes in patients without
HIV infection than in those with HIV infection, we did not
test that hypothesis explicitly, which will require a prospec-
tive study with a larger cohort. Second, as this study is a
medical record-based retrospective study with no central
pathology review conducted, the determination of LANA1
immunostaining positivity was not standardized across par-
ticipating institutions. Third, most of our analyses were des-
criptive in nature, with no formal statistical testing. None-
theless, PEL is so rare that, even worldwide, the largest con-
secutive series of classic PEL cases included only 34 patients,
and that of HHV8-unrelated BCBL cases is even smaller
[8,17]. To our knowledge, our series represents the largest
collection of consecutive Asian patients with PEL or HHV8-
unrelated or HHV8-unknown BCBL.

In conclusion, in a consecutive series of patients with BCBL
in a country with low HIV burden, most patients with PEL
were HIV seronegative and immunocompetent. Those pati-
ents, especially those with low proliferation activity of neo-
plastic cells, had an indolent disease course and long survival
even with supportive care only. Our findings raise a testable
hypothesis that watchful waiting is a reasonable approach
when managing HIV-seronegative patients with PEL who
may not tolerate chemotherapy or whose neoplastic cells
show low proliferative activity. The Ki-67 labeling index

might serve as a marker for the prognostic stratification of
PEL. HHV8-unrelated BCBL was successfully treated with
rituximab-containing chemotherapy, which corroborates the
findings of previous studies [14-18]. We also found that
physicians often fail to distinguish between HHV8-unrelated
BCBL and PEL despite the important therapeutic implica-
tions. The upcoming revisions of the WHO classification of
lymphoid neoplasms should be based on a thorough discus-
sion of the most proper categorization of HHV8-unrelated
BCBL. Several emerging hypotheses generated from the
present study should be confirmed in future prospective
studies based on larger cohorts.
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The Prognostic Value of Albumin-to-Alkaline Phosphatase Ratio before
Radical Radiotherapy in Patients with Non-metastatic Nasopharyngeal
Carcinoma: A Propensity Score Matching Analysis

Original Article

Purpose
We first analyzed the prognostic power of albumin-to-alkaline phosphatase ratio (AAPR) 
before radical radiotherapy (RT) in non-metastatic nasopharyngeal carcinoma (NPC) pati-
ents. 

Materials and Methods
The records of 170 patients with biopsy-proven, non-metastatic NPC treated by radical RT
between 1998 and 2016 at our institution were retrospectively reviewed. Median follow-
up duration was 50.6 months. All patients received intensity-modulated RT and cisplatin
based chemotherapy before, during, or after RT. The major treatment of patients was based
on concurrent chemoradiotherapy (92.4%). The AAPR was calculated by the last value of
both albumin and alkaline phosphatase within 1 month immediately preceding RT. The 
optimal cut-off level of AAPR was determined by using Cutoff Finder, a web-based system.
Propensity score matching (PSM) analysis was performed.

Results
The optimal cut-off level of AAPR was 0.4876. After PSM analysis of whole cohort, an AAPR
was not related to survival outcomes. In PSM analysis for patients with locoregionally 
advanced nasopharyngeal carcinoma (LA-NPC), an AAPR ! 0.4876 was related to better
overall survival (OS), progression-free survival (PFS), and locoregional relapse–free survival
(LRRFS) (OS: hazard ratio [HR], 0.341; 95% confidence interval [CI], 0.144 to 0.805;
p=0.014; PFS: HR, 0.416; 95% CI, 0.189 to 0.914; p=0.029; and LRRFS: HR, 0.243; 95%
CI, 0.077 to 0.769; p=0.016, respectively).

Conclusion
The AAPR, inexpensive and readily derived from a routine blood test, could be an independ-
ent prognostic factor for patients with LA-NPC. And it might help physicians determine treat-
ment plans by identifying the patient's current status. Future prospective clinical trials to
validate its prognostic value are needed.

Key words
Albumin-to-alkaline phosphatase ratio, Nasopharyngeal carcinoma, 
Prognosis, Radical radiotherapy, Propensity score matching 
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Introduction

While nasopharyngeal carcinoma (NPC) may be consid-
ered a rare malignancy globally, it has the highest incidence
in South-Eastern Asia [1]. The clinical behavior of NPC is also
distinct, affecting younger patients with high nodal and dis-

tant metastasis [2]. At initial diagnosis, more than 70% of 
patients had locoregionally advanced nasopharyngeal carci-
noma (LA-NPC) [3]. Currently, the standard treatment of
LA-NPC is concurrent chemoradiotherapy (CCRT). With 
improvement of radiotherapy (RT) technique and chemothe-
rapy regimen, the 5-year overall survival (OS) rate exceeded
80% [4]. However, NPC recurs in approximately 50% of 
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patients, especially in LA-NPC patients [5,6]. The addition of
chemotherapy, such as neoadjuvant (NCT) or adjuvant che-
motherapy (ACT), to CCRT has been investigated to improve
NPC control. Also, this high recurrence rate emphasizes the
need to accurately assess the prognosis of NPC. The Ameri-
can Joint Committee on Cancer (AJCC) TNM staging system
is the most important and widely used prognostic factor [7].
However, previous studies showed that sometimes this stag-
ing system fails to predict prognosis satisfactorily [8,9]. Thus,
various serum markers, which can be conveniently obtained,
have been developed to predict prognosis [10-16], and defin-
ing novel prognostic factor is still of great importance, espe-
cially in LA-NPC.

The albumin-to-alkaline phosphatase ratio (AAPR) was 
reported first as a novel prognostic factor in hepatocellular
carcinoma patients [17]. In metastatic NPC patients, low
AAPR was associated with poor survival and the authors of
that study concluded that the AAPR might be a novel prog-
nostic factor in metastatic NPC patients [18]. Also, the role
of ratio between albumin (ALB) and alkaline phosphatase
(ALP) as a prognostic factor has been reported in patients
with pancreatic ductal adenocarcinoma and advanced hepa-
tocellular carcinoma [19,20]. However, to the best of our
knowledge, the AAPR has not been studied in non-metasta-
tic NPC patients.

In the current study, we first conducted a retrospective
study analyzing the prognostic power of AAPR in non-
metastatic NPC patients. In addition to OS and progression-
free survival (PFS) in the previous study [18], we also exa-
mined the relationship between AAPR and other survival
outcomes, including locoregional relapse–free survival (LRR-
FS) and distant metastasis–free survival (DMFS).

Materials and Methods

1. Patient selection and evaluation

We retrospectively reviewed 266 biopsy-proven, non-
metastatic NPC patients who underwent radical RT in Seoul
National University Hospital from January 1998 to December
2016. The inclusion criteria were as follows: (1) pathologically
proven NPC at our hospital; (2) no previous history of head
and neck cancer; (3) no concurrent malignancy; (4) receiving
intensity-modulated radiotherapy (IMRT); (5) completion of
initially planned RT; (6) receiving chemotherapy before, dur-
ing, or after RT; and (7) complete baseline laboratory data 
including serum ALB and ALP levels, within 1 month before
RT. Finally, among 266 patients, 170 NPC patients were 
included in this study. 

Medical records of baseline clinical and laboratory data,
including pathology, computed tomography (CT) or mag-
netic resonance imaging (MRI) of the head and neck, sys-
temic work-up by chest CT or positron emission tomography/
computed tomography (PET/CT), serum ALB and ALP were
retrieved and reviewed from the hospital database. All 
patients were staged according to the seventh edition of the
AJCC staging criteria. The AAPR before RT was calculated
by dividing the serum ALB level by the ALP level, which
were the last values within 1 month immediately preceding
RT. During the study period, there was a change in the meas-
uring equipment of ALB and ALP, but there was no change
in the reagent. In addition, clinical chemists confirmed that
there was no change in the test value by comparing the 
before and after tests every time there was a change. The 
optimal cut-off levels of AAPR, ALB, and ALP for assessing
LRRFS were determined by using Cutoff Finder, a web-
based system designed by Budczies et al. [18,21]. Patients
were divided into two groups based on AAPR 0.4876 (AAPR
< 0.4876, n=25; AAPR ! 0.4876, n=145). 

Patients visited outpatient department 2 weeks after com-
pletion of RT. Then, there were four outpatient visits at inter-
vals of 1 month, followed by a 1 year visit every 3 months,
every 6 months in the next 3 years and annually thereafter.
Post-treatment assessment consisted of history taking phys-
ical exams, and flexible fiberoptic endoscopy. Imaging moda-
lities including CT or MRI of head and neck, PET/CT and
chest X-ray were performed to assess the treatment response
and no evidence of disease. One month after RT, head and
neck CT or MRI was performed, and PET/CT was perfor-
med 3 months later. The treatment response was evaluated
according to Response Evaluation Criteria in Solid Tumors
ver. 1.1. If required, biopsy of suspicious recurrent site was
conducted. OS rate was calculated using survival informa-
tion of patients from Ministry of the Interior and Safety in
Korea.

2. RT and chemotherapy

The technique of IMRT has been previously described [22].
The gross total volume (GTV) was defined by primary tumor
and metastatic lymph nodes visualized on either CT or MRI.
MRI or PET/CT imaging was used in all patients except five,
when a radiation oncologist contoured the GTV. The high-
risk clinical target volume (CTV) was defined by 3-dimen-
sional auto-expansion of 0.5 cm to the GTV and modified
regarding anatomical architecture. The intermediate-risk
CTV included entire nasopharyngeal mucosa, retropharyn-
geal, and parapharyngeal space, and involved cervical lymph
node level with or without one subsequent uninvolved cer-
vical lymph node level, depending on the physician’s deci-
sion. Also, intermediate-risk CTV encompassed suspicious
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Before PSM After PSM
Characteristic AAPR < 0.4876 AAPR ! 0.4876 p-value AAPR < 0.4876 AAPR ! 0.4876 p-value(n=25) (n=145) (n=20) (n=80)
Age (yr) 55 (32-75) 49 (16-80) 0.022 55 (34-75) 51 (16-73) 0.158
Sex

Male 20 (80.0) 103 (71.0) 0.494 17 (85.0) 61 (76.2) 0.587
Female 5 (20.0) 42 (29.0) 3 (15.0) 19 (23.8)

ECOG PS
0-1 21 (84.0) 136 (93.8) 0.032 18 (90.0) 74 (92.5) 0.747
2 2 (8.0) 1 (0.7) 0 ( 1 (1.2)
Unknown 2 (8.0) 8 (5.5) 2 (10.0) 5 (6.2)

Pathology (WHO)
Type I 2 (8.0) 11 (7.6) 0.655 0 ( 5 (6.2) 0.319
Type II 13 (52.0) 89 (61.4) 11 (55.0) 50 (62.5)
Type III 10 (40.0) 45 (31.0) 9 (45.0) 25 (31.2)

EBV IHC
Positive 14 (56.0) 85 (58.6) 0.462 13 (65.0) 49 (61.2) 0.959
Negative 0 ( 7 (4.8) 0 ( 0 (
Unknown 11 (44.0) 53 (36.6) 7 (35.0) 31 (38.8)

T category
T1 6 (24.0) 45 (31.0) 0.002 5 (25.0) 26 (32.5) 0.649
T2 0 ( 35 (24.1) 0 ( 0 (
T3 5 (20.0) 32 (22.1) 5 (25.0) 23 (28.8)
T4 14 (56.0) 33 (22.8) 10 (50.0) 31 (38.8)

N category
N0 3 (12.0) 16 (11.0) 0.829 3 (15.0) 9 (11.2) 0.915
N1 11 (44.0) 51 (35.2) 8 (40.0) 30 (37.5)
N2 8 (32.0) 55 (37.9) 8 (40.0) 34 (42.5)
N3 3 (12.0) 23 (15.9) 1 (5.0) 7 (8.8)

AJCC stage
I 0 ( 3 (2.1) 0.224 0 ( 0 ( 0.711
II 4 (16.0) 29 (20.0) 3 (15.0) 10 (12.5)
III 6 (24.0) 57 (39.3) 6 (30.0) 32 (40.0)
IV 15 (60.0) 56 (38.6) 11 (55.0) 38 (47.5)

CCRT
No 3 (12.0) 10 (6.9) 0.632 2 (10.0) 5 (6.2) 0.922
Yes 22 (88.0) 135 (93.1) 18 (90.0) 75 (93.8)

NCT
No 11 (44.0) 84 (57.9) 0.281 9 (45.0) 41 (51.2) 0.803
Yes 14 (56.0) 61 (42.1) 11 (55.0) 39 (48.8)

ACT
No 21 (84.0) 127 (87.6) 0.864 18 (90.0) 72 (90.0) 1.000
Yes 4 (16.0) 18 (12.4) 2 (10.0) 8 (10.0)

Values are presented as median (range) or number (%). PSM, propensity score matching; AAPR, albumin-to-alkaline phos-
phatase ratio; ECOG PS, Eastern Cooperative Oncology Group performance status; WHO, World Health Organization; EBV,
Epstein-Barr virus; IHC, immunohistochemistry; AJCC, American Joint Committee on Cancer; CCRT, concurrent chemora-
diotherapy; NCT, neoadjuvant chemotherapy; ACT, adjuvant chemotherapy.

Table 1. Baseline characteristics of nasopharyngeal carcinoma patients
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risk areas among the skull base, inferior sphenoidal sinuses,
posterior nasal cavity, posterior maxillary sinuses, and the
cavernous sinuses. The low-risk CTV was defined as the cer-
vical lymph nodes which are not included by both high- and
intermediate-risk CTV. However, cervical lymph node level
IA and IB were not routinely included in any CTVs, if these
lymph nodes were not involved. The planning target vol-
umes (PTVs) were defined by 3-dimensional auto-expansion
of 0.3 cm to the CTVs. The total dose of high-, intermediate-,
and low-risk PTVs were 63-72 Gy in 2.25-2.4 Gy, 54-63 Gy in
1.8-2.1 Gy, and 44-54 Gy in 1.8-2 Gy, respectively. RT was 
administrated 5 times per week.

All patients received cisplatin based chemotherapy before,
during, or after RT. The major treatment of patients were
based on CCRT (n=157, 92.4%). The use of NCT or ACT was

determined by the multidisciplinary team. The NCT and
ACT were were conducted in 75 and 22 patients, respec-
tively. 

3. Statistical analysis

OS was defined from the start of any definitive treatment
to the date of death from any cause. PFS was defined from
the start of any definitive treatment to the date of locore-
gional failure, distant metastasis, or death from any cause,
whichever occurred first. LRRFS and DMFS were defined
from the start of any definitive treatment to the date of 
locoregional failure (LRF) and distant metastasis, respec-
tively.

The chi-square test or Fisher exact test for categorical vari-

Cancer Res Treat. 2019;51(4):1313-1323

Fig. 1.  The Kaplan-Meier survival curves of overall survival (A), progression-free survival (B), locoregional relapse–free
survival (C), and distant metastasis–free survival (D) comparing patients with nasopharyngeal carcinoma according to the 
albumin-to-alkaline phosphatase ratio (AAPR) after propensity score matching.
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ables and the independent t test for continuous variables
were used to compare baseline characteristics. The propen-
sity score matching (PSM) was performed based on age at
diagnosis, sex, Eastern Cooperative Oncology Group (ECOG)
performance status, immunohistochemistry (IHC) of Epstein-
Barr virus (EBV), T category, N category, AJCC stage, and
use of NCT, CCRT, and ACT. Propensity score were gener-
ated using a multivariable logistic regression model. Then a
1:4 match between the AAPR < 0.4876 group and ! 0.4876
group was performed using the nearest neighbor-matching
method (caliper=0). Survival curves were calculated using
the Kaplan-Meier method and were compared using the log-
rank test. Cox proportional hazards regression was used to
identify prognostic factors for survival outcomes. A p-value
of < 0.05 was considered to be statistically significant. All of
the statistical analyses were conducted using R project ver.
3.4.2 (R Foundation for Statistical Computing, Vienna, Aus-
tria). 

4. Ethical statement

This study has been approved by the institutional review
board of Seoul National University Hospital (No. H-1705-
037-852). Considering that this was the retrospective study,
the written informed consents of patients were waived.

Results

1. Patient characteristics

The median follow-up duration was 50.6 months. The
baseline characteristics were compared between patients 
according to the pre-RT value of AAPR in Table 1. Although,
patients with ECOG performance status 2 were more fre-
quent in the AAPR < 0.4876 group (8.0% vs. 0.7%, p=0.032)
and the performance status of 10 patients was unknown,
most of the patients had a good performance status (ECOG
performance status 0-1 in 92.4% of the patients). More than
half of patients with an AAPR < 0.4876 had a T4 category dis-
ease (56.0% vs. 22.8%, p=0.002) but the N category and AJCC
stage were comparable between two groups. The range of
ALB level was 34-52 g/L and the ALP level ranged from 27
to 136 IU/L. Using propensity scores, 20 patients with an
AAPR < 0.4876 were matched successfully with 80 patients
with AAPR ! 0.4876 (Table 1).
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Before PSM After PSM
Characteristic AAPR < 0.4876 AAPR ! 0.4876 p-value AAPR < 0.4876 AAPR ! 0.4876 p-value(n=21) (n=113) (n=17) (n=68)
Age (yr) 55 (32-75) 49 (16-73) 0.023 55 (34-75) 52.5 (21-73) 0.206
Sex

Male 16 (76.2) 81 (71.7) 0.874 14 (82.4) 53 (77.9) 0.947
Female 5 (23.8) 32 (28.3) 3 (17.6) 15 (22.1)

ECOG PS
0-1 17 (81.0) 106 (93.8) 0.034 15 (88.2) 62 (91.2) 0.747
2 2 (9.5) 1 (0.9) 0 ( 1 (1.5)
Unknown 2 (9.5) 6 (5.3) 2 (11.8) 5 (7.4)

Pathology (WHO)
Type I 2 (9.5) 10 (8.8) 0.790 1 (5.9) 5 (7.4) 0.888
Type II 11 (52.4) 68 (60.2) 10 (58.8) 43 (63.2)
Type III 8 (38.1) 35 (31.0) 6 (35.3) 20 (29.4)

EBV IHC
Positive 12 (57.1) 64 (56.6) 0.484 11 (64.7) 41 (60.3) 0.956
Negative 0 ( 7 (6.2) 0 ( 0 (
Unknown 9 (42.9) 42 (37.2) 6 (35.3) 27 (39.7)

T category
T1 2 (9.5) 30 (26.5) 0.005 2 (11.8) 15 (22.1) 0.490
T2 0 ( 18 (15.9) 0 ( 0 (
T3 5 (23.8) 32 (28.3) 5 (29.4) 23 (33.8)
T4 14 (66.7) 33 (29.2) 10 (58.8) 30 (44.1)

N category
N0 3 (14.3) 10 (8.8) 0.526 3 (17.6) 9 (13.2) 0.894
N1 7 (33.3) 25 (22.1) 6 (35.3) 21 (30.9)
N2 8 (38.1) 55 (48.7) 7 (41.2) 31 (45.6)
N3 3 (14.3) 23 (20.4) 1 (5.9) 7 (10.3)

AJCC stage
III 6 (28.6) 57 (50.4) 0.108 6 (35.3) 31 (45.6) 0.623
IV 15 (71.4) 56 (49.6) 11 (64.7) 37 (54.4)

CCRT
No 3 (14.3) 8 (7.1) 0.502 2 (11.8) 5 (7.4) 0.921
Yes 18 (85.7) 105 (92.9) 15 (88.2) 63 (92.6)

NCT
No 9 (42.9) 59 (52.2) 0.582 8 (47.1) 32 (47.1) 1.000
Yes 12 (57.1) 54 (47.8) 9 (52.9) 36 (52.9)

ACT
No 19 (90.5) 98 (86.7) 0.907 15 (88.2) 61 (89.7) 1.000
Yes 2 (9.5) 15 (13.3) 2 (11.8) 7 (10.3)

Values are presented as median (range) or number (%). PSM, propensity score matching; AAPR, albumin-to-alkaline phos-
phatase ratio; ECOG PS, Eastern Cooperative Oncology Group performance status; WHO, World Health Organization; EBV,
Epstein-Barr virus; IHC, immunohistochemistry; AJCC, American Joint Committee on Cancer; CCRT, concurrent chemora-
diotherapy; NCT, neoadjuvant chemotherapy; ACT, adjuvant chemotherapy.

Table 3. Baseline characteristics of locoregionally advanced nasopharyngeal carcinoma patients
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2. Survival outcomes

The Kaplan-Meier survival curves are shown in Fig. 1. The

5-year OS rates in the AAPR < 0.4876 group and the AAPR 

! 0.4876 group were 58.8% (95% confidence interval [CI],

38.9% to 88.8%) and 83.7% (95% CI, 75.7% to 92.6%), respec-

tively (p=0.200) (Fig. 1A). The 5-year PFS rates in the AAPR

< 0.4876 group and the AAPR ! 0.4876 group were 57.4%

(95% CI, 38.7% to 85.0%) and 69.9% (95% CI, 60.0 to 81.4%),

respectively (p=0.410) (Fig. 1B). Patients with an AAPR 

! 0.4876 had higher 5-year LRRFS rates (88.1%; 95% CI, 80.0%

to 97.0% vs. 77.0%; 95% CI, 59.5% to 99.6%) but it was not

statistically significant (p=0.100) (Fig. 1C). DMFS rates were

similar between two groups (87.2%; 95% CI, 71.9% to 100.0%

vs. 81.9%; 95% CI, 73.4% to 91.4%, p=0.530) (Fig. 1D).

In the Cox proportional hazards analysis for survival out-

comes, the AAPR was not a significant prognostic factor

(Table 2). 

3. Subgroup analysis of LA-NPC patients

We conducted subgroup analysis for patients with stage

III-IVB NPC. Patient and treatment characteristics of LA-

NPC before and after PSM are shown in Table 3. The Kaplan-

Meier survival curves for LA-NPC patients are shown in 

Fig. 2. The AAPR ! 0.4876 group in LA-NPC patients had

higher 5-year OS, PFS, and LRRFS rates (OS: 85.8%; 95% CI,

77.6% to 94.9% vs. 41.1%; 95% CI, 20.6% to 81.9%; p=0.010;

PFS: 71.0%; 95% CI, 60.4% to 83.4% vs. 42.5%; 95% CI, 23.7%

to 76.4%; p=0.024; and LRRFS: 86.1%; 95% CI, 76.8% to 96.5%

Jae Sik Kim, Albumin-to-Alkaline Phosphatase Ratio

Fig. 2.  The Kaplan-Meier survival curves of overall survival (A), progression-free survival (B), locoregional relapse–free

survival (C), and distant metastasis–free survival (D) comparing patients with locoregionally advanced nasopharyngeal car-

cinoma according to the albumin-to-alkaline phosphatase ratio (AAPR) after propensity score matching.
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vs. 64.9%; 95% CI, 44.2% to 95.3%; p=0.009). There was no
significant difference in 5-year DMFS rate between two
groups (83.0%; 95% CI, 63.5% to 100.0% vs. 82.8%; 95% CI,
73.5% to 93.3%; p=0.940).

In the Cox proportional hazards analysis for LA-NPC pati-
ents, high AAPR was a better prognostic factor for OS, PFS
and LRRFS (OS: hazard ratio [HR], 0.341; 95% CI, 0.144 to
0.805; p=0.014; PFS: HR, 0.416; 95% CI, 0.189 to 0.914;
p=0.029; and LRRFS, HR: 0.243, 95% CI, 0.077 to 0.769;
p=0.016, respectively) (Table 4). 

Discussion

In the present study, we investigated the prognostic value
of AAPR before RT in non-metastatic NPC patients. Our 
results showed that low AAPR was associated with poor OS,
PFS, and even LRRFS rates in LA-NPC. These findings sug-
gest that the AAPR is a promising prognostic factor for pati-
ents with non-metastatic LA-NPC.

For several decades, there have been efforts to reduce both
LRF and side effects of RT in NPC [23-25]. However, there
are still significant portion of patients suffering from LRF. A
number of prognostic factors of LRF are known, including
tumor stage and Epstein-Barr virus status [7,10]. Nonethe-
less, tailored treatment strategy according to the prognostic
factors could not be introduced into daily practice due to lack
of clinical experience. Hence, finding prognostic factors other
than previously known factors may be helpful in considering
individualized treatment. Various studies investigated the
role of serum markers due to its easy accessibility [10-16].

Accumulating evidence has clarified the prognostic value
of ALB and ALP in various malignancies including NPC,
head and neck squamous cell carcinoma and colorectal can-
cer [11-16]. ALB is considered as a marker of malnutrition
and has ability to stabilize DNA during cell cycle [26]. It was
known that pretreatment ALB ! 43.0 g/L in NPC patients
was related to poorer OS and DMFS [14]. In terms of malnu-
trition, low ALB level may reflect profound impairment of
immunity, eventually leading to a decreased response to
anti-cancer treatment [27]. ALP, an enzyme that dephospho-
rylates various molecules, such as nucleotides, proteins, and
alkaloids [28], is an emerging prognostic factor in several
types of carcinomas [13,15,16]. Li et al. [15] reported that 
increased pretreatment ALP level in patients with non-
metastatic NPC receiving radical RT had poor effects on both
OS and local recurrence–free survival. However, multivari-
ate analysis did not identify pretreatment ALP level as an 
independent prognostic factor. The authors suggested that 
increased ALP level may be associated with severe invasion

Cancer Res Treat. 2019;51(4):1313-1323
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of skull base. Xie et al. [16] also reported that elevated pre-
treatment ALP level was independent predictor of poor OS
and tumor-free survival in patients with non-metastatic
NPC. In that study, the authors also explained these findings
as a result of bony structure invasion. In addition, they sug-
gested another possibility that ALP may affect the survival
of NPC patients through matrix metalloproteinase-9, which
is associated with chemoresistance in metastatic gastric car-
cinoma [29]. The concept of AAPR was first introduced for
patients who underwent curative surgery for hepatocellular
carcinoma [17], and Nie et al. [18] applied it to metastatic
NPC patients. We hypothesized that the AAPR would pre-
dict survival outcomes in patients with non-metastatic NPC
as well as metastatic NPC.

To our knowledge, this is the first study to examine the
prognostic value of AAPR before RT in patients with non-
metastatic NPC. We performed the PSM to control the imba-
lance between two groups. The Cox proportional hazards
analysis showed that an AAPR < 0.4876 was not associated
with poor survival outcomes. We performed subgroup
analysis for patients with stage III-IVB NPC, which were con-
sidered as LA-NPC, because these patients were expected to
have more tumor burden. The AAPR was significantly asso-
ciated with OS, PFS, and LRRFS in subgroup analysis.

In addition to ALB and ALP, liver function was evaluated
with total bilirubin, aspartate aminotransferase, and alanine
aminotransferase levels for LA-NPC patients. There were no
significant differences in the proportion of patients out of
normal range between the two groups. In terms of renal func-
tion, there was also no difference between the two groups in
patients with glomerular filtration rate less than 60 mL/min/
1.73 m2.

As oropharynx infiltration occurred, swallowing became
difficult and caused dietary problems, affecting ALB levels.
But there was no one who had dietary problems and no dif-
ference in oropharynx infiltration ratio between two groups
in LA-NPC (low AAPR, 9 patients [52.9%] vs. high AAPR,
28 [41.2%]; p=0.547).

The question of whether the AAPR reflected the patient's
ability to perform CCRT and this might result in treatment
outcomes could be raised. However, in LA-NPC patients
after PSM, only two patients in high AAPR group received
concurrent cisplatin with 25% dose reduction (1 patient due
to emesis and the other due to grade 4 neutropenia). ACT
was performed in two patients in low AAPR group and
seven in high AAPR group. Among them, one patient with
low AAPR discontinued chemotherapy because of self-
refusal. One patient with high AAPR experienced progres-
sion of disease and stopped chemotherapy. Based on these
findings, it could be seen that the AAPR was not related the
patient’s performance of treatment. The complete remission
of primary site in head and neck CT or MRI taken median

1.2 months after RT was observed in two patients (13.3%) in
low AAPR and 28 patients (41.2%) in high AAPR group. 
Although there was a marginal significance (p=0.072), the
difference in complete remission rate between the two groups
seemed to be the difference of prognosis after treatment. No
one received any surgical intervention after CCRT.

Our findings suggested that low AAPR before RT may be
associated with poor prognosis in patients with NPC, espe-
cially LA-NPC. In particular, the AAPR before RT could pre-
dict the risk of LRF, which might be considered for planning
of RT. In other words, caution should be taken to de-intensify
locoregional treatment for patients with low AAPR. The
AAPR might comprehensively reflect the patient’s condition
such as nutrition and immunity and the characteristics of
NPC including severity and treatment resistance that each
component of the AAPR implies. That is, low AAPR can be
interpreted as malnutrition, decreased immunity, increased
treatment resistance, and relatively severe NPC condition.
Intervention of ALB for patients with low AAPR might be
considered to increase AAPR and correct malnutrition, resul-
ting in better response of treatment. 

Tumor stage was not statistically different but showed
poor prognosis in the advanced stage. The reason for not
having statistical significance might be that the number of
patients was small and the distribution of stage was not even.
In addition, we thought that the point that the treatment
method according to the stage did not differ greatly in the
patient group after the PSM was a limit to the statistical ver-
ification ability. Our study, unlike previous studies, did not
identify ALB and ALP as independent prognostic factors in
outcomes other than OS. Therefore, it can be considered that
the AAPR predicts the prognosis of LA-NPC better than
these factors do.

There were some limitations in our study. First, this study
was a retrospective study conducted in a single institution
and failed to use an independent cohort confirming the prog-
nostic value of the AAPR. Secondly, we used the most recent
AAPR values that we though would be good representations
of the patient's condition, but there was a limit because of
one measurement. External validation of optimal cutoff of
AAPR is also required. Third, selection bias may occur 
because patients who did not have a routine blood test
within 1 month before RT were excluded among patients
with NPC who received radical RT between 1998 and 2016.
Finally, data on other known biochemical markers such as
EBV IHC status and DNA viral load, C-reactive protein, and
lactate dehydrogenase, were lacking and were not included
in the analysis. Future prospective clinical trials to validate
the prognostic value of AAPR are needed and basic research
also needs to be conducted to uncover the underlying mech-
anism.

In conclusion, the AAPR, derived from a routine blood test
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readily and inexpensively, could be an independent prog-
nostic factor for patients with non-metastatic LA-NPC. By
obtaining the AAPR before RT, physicians could know the
current nutritional status of patients and the characteristics
of NPC, which may be helpful in determining the nutritional
intervention or treatment plan.
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Purpose

The purpose of this study was to investigate the effectiveness and safety of spinal stereo-

tactic radiosurgery (SRS) in treating spinal metastasis with epidural spinal cord compression

(ESCC).

Materials and Methods

During 2013-2016, 149 regions of spinal metastasis in 105 patients treated with single-

fraction (12-24 Gy) spinal SRS were reviewed. Cord compression of Bilsky grade 2 (with vis-

ible cerebrospinal fluid [CSF]) or 3 (no visible CSF) was defined as ESCC. Local progression

(LP) and vertebral compression fracture (VCF) rates after SRS were evaluated using multi-

variate competing-risk regression analysis. 

Results

The 1-year cumulative incidences of LP for Bilsky grades 0 (n=80), 1 (n=39), 2 (n=21), and

3 (n=9) were 3.0%, 8.4%, 0%, and 24.9%, respectively. Bilsky grade 2 ESCC did not signif-

icantly increase the LP rate (no LP for grade 2). The 1-year cumulative incidences of VCF for

Bilsky grades 0, 1, 2, and 3 were 6.6%, 5.2%, 17.1%, and 12.1%, respectively. ESCC may

increase VCF risk (subhazard ratio [SHR] for grade 2, 5.368; p=0.035; SHR for grade 3,

2.215; p=0.460). Complete or partial pain response rates after SRS were 79%, 78%, 53%,

and 63% for Bilsky grades 0, 1, 2, and 3, respectively (p=0.008). No neurotoxicity of grade

! 3 was observed.

Conclusion

Spinal SRS for spinal metastasis with Bilsky grade 2 ESCC did not increase the LP rate, was

not associated with severe neurotoxicity, and showed moderate VCF and pain response

rates. Bilsky grade 3 had a high LP rate.

Key words
Spine, Neoplasm metastasis, Spinal cord compression, Fractures, 

Compression, Radiosurgery, Disease progression
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Introduction

Epidural spinal cord compression (ESCC) is observed in
5%-15% of patients who die of cancer [1]. Surgical decom-
pression followed by radiotherapy (RT) is considered the
treatment of choice as long as the surgery is an available 
option [2]. Conventional RT alone (e.g., 30 Gy in 10 fractions)
seems to be less effective than surgery [2]. Therefore, RT

alone may be the second choice for patients who do not meet
the criteria for surgery.

Meanwhile, spinal stereotactic radiosurgery (SRS) has been
established as a treatment for patients with metastatic spinal
tumors [3,4]. SRS is less invasive, simpler, and more conven-
ient than open surgery.

In SRS for ECSS, all of the following should be considered:
effective dose for local control, risk of vertebral compression
fracture (VCF), and spinal cord dose constraints. Spinal SRS
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for patients with ESCC to control spinal metastasis with min-
imal VCF risk, and without cord injury, can be a challenge.
SRS doses of > 20 Gy to the tumor have been associated with
high local control rates [5]. However, doses of > 20 Gy 
increase the risk of pathologic fracture [6]. Simultaneously,
spinal cord dose constraints need to be satisfied. Quantitative
Analysis of Normal Tissue Effects in the Clinic (QUANTEC)
has demonstrated that a maximum cord dose of 13 Gy in a
single fraction in spine radiosurgery appears to be associated
with a < 1% risk of injury [7].

This study aimed to investigate the effectiveness and safety
of SRS in treating spinal metastasis with ESCC and to analyze
treatment outcomes according to the Bilsky criteria for ESCC.

Materials and Methods

1. Study population

The indications for SRS in our institution are follows: (1)
patients with life expectancy ! 3 months; (2) no definitive
open surgery indications, such as neurologic symptoms that
began within 48 hours, mechanical pain, or vertebral insta-
bility; (3) no conventional RT indications, such as a radiosen-
sitive tumor, multiple metastases in more than three sub-
sequent vertebrae, or a third irradiation at the same region;
and (4) surgical indications with inoperable tumor/patient
conditions. 

In this study, patients who were treated with spinal SRS
from January 2013 to December 2016 in a single institution
were retrospectively reviewed. The inclusion criteria were as
follows: (1) a pathologically confirmed malignant primary
site, (2) no previous SRS at the treatment site, (3) no previous
spine surgery at the SRS site, and (4) received a single-frac-
tion SRS of ! 12 Gy. Sacral metastasis cases were excluded
due to absence of the thecal sac. 

2. SRS

Linear accelerators (TrueBeam, Varian Medical Systems,
Palo Alto, CA) or magnetic resonance imaging (MRI)–guided
cobalt RT devices (ViewRay, ViewRay Technologies Inc.,
Oakwood Village, OH) were used for the treatment. There
were 145 cases that used the linear accelerator and two cases
that used the MRI-guided cobalt RT device (all were Bilsky
grade 0). When using the linear accelerator, a computed 
tomography (CT) simulation followed by MRI fusion of the
spine was performed, and the fusion image was used for tar-
get delineation. When using the ViewRay device, the plan-
ning MRI was used for target delineation.

The International Spine Radiosurgery Consortium (ISRC)
anatomic classification system was used to quantify the clin-
ical target volume (CTV) [8]. ISRC 1 indicates the vertebral
body. ISRC 2, 3, 4, 5, and 6 indicate the right pedicle, right
lamina, spinous process, left lamina, and left pedicle, respec-
tively. According to the ISRC consensus guidelines, the CTV
includes the ISRC classification sites involving the gross
tumor, as well as the adjacent normal marrow space. The
planning target volume was made identical to the CTV or
was generated by adding a 1-mm margin to the CTV.

The organs at risk were the spine, esophagus, and hypo-
pharynx. The spine was delineated using MRI fusion, and
the planning organ-at-risk volume was made by adding 1
mm to the spinal delineation. The dose constraint consisted
of a maximum dose to the spinal cord of 14 Gy, with < 10%
of volume receiving 10 Gy. The maximum dose to the cauda
equina was 16 Gy, with < 10% of volume receiving 12 Gy.
The maximum dose to a previously irradiated spinal cord
was 13.5 Gy; to the esophagus, 18 Gy; to a previously irradi-
ated esophagus, 17 Gy; and to the hypopharynx, 19 Gy.

The prescribed RT dose ranged from 12 to 24 Gy. All pati-
ents were treated using volumetric modulated arc therapy.
Patients were immobilized using vacuum cushions to the
whole body and aquaplast splints for cervical spine treat-
ment. Dexamethasone (2 mg three times a day for 3 days)
was administered to the patients to prevent pain flares after
SRS.

3. ESCC classification

Bilsky criteria were used to classify ESCC [9]. Bilsky grade
0 indicates bone-only disease, while grade 1 indicates a range
from epidural impingement only (1-a) to deformation of the
thecal sac with spinal cord abutment (1-c). Grade 2 indicates
spinal cord compression with visible cerebrospinal fluid
(CSF) around the cord, whereas grade 3 indicates no visible
CSF around the cord.

4. VCF risk classification

VCF risk was classified using the Spinal Instability Neo-
plastic Score (SINS) [10]. Global spinal location of the tumor
(junctional, mobile spine, semirigid, or rigid), pain, bone 
lesion quality (lytic, blastic, or mixed), spinal alignment, ver-
tebral body collapse, and posterolateral involvement were
scored, and cases were divided into three risk groups accord-
ing to aggregated scores: stability (0-6), intermediate insta-
bility (7-12), and instability (13-18).

Yi-Jun Kim, SRS in Spinal Metastasis with Cord Compression



Table 1.  Patient characteristics according to Bilsky grade in spinal metastasis

Characteristic
No. of Grade 0 Grade 1 Grade 2 Grade 3

p-valuea)

regions (n=80) (n=39) (n=21) (n=9)

Age (yr)                                    

! 55 50 35 (43.8) 11 (28.2) 2 (9.5) 2 (22.2) 0.017 
> 55 99 45 (56.3) 28 (71.8) 19 (90.5) 7 (77.8)

Sex

Male 90 49 (61.3) 22 (56.4) 12 (57.1) 7 (77.8) 0.679 
Female 59 31 (38.8) 17 (43.6) 9 (42.9) 2 (22.2)

ECOG performance status

0-1 137 77 (96.3) 34 (87.2) 19 (90.5) 7 (77.8) 0.127 
2-4 12 3 (3.8) 5 (12.8) 2 (9.5) 2 (22.2)

Primary tumor

Lung 32 17 (21.3) 10 (25.6) 3 (14.3) 2 (22.2) 0.810 
Breast 25 14 (17.5) 7 (17.9) 4 (19.0) 0 (
HCC 33 17 (21.3) 8 (20.5) 5 (23.8) 3 (33.3)
RCC 10 4 (5.0) 3 (7.7) 1 (4.8) 2 (22.2)
Others 49 28 (35.0) 11 (28.2) 8 (38.1) 2 (22.2)

Solitary metastasis

No 129 68 (85.0) 34 (87.2) 19 (90.5) 8 (88.9) 0.919 
Yes 20 12 (15.0) 5 (12.8) 2 (9.5) 1 (11.1)

SINS criteria

Tumor location
Junctional (occiput-C2, C7-T2, T11-L1, L5-S1) 58 36 (45.0) 14 (35.9) 4 (19.0) 4 (44.4) 0.194 
Mobile spine (C3-C6, L2-L4) 44 25 (31.3) 10 (25.6) 6 (28.6) 3 (33.3)
Semi-rigid (T3-T10) 47 19 (23.8) 15 (38.5) 11 (52.4) 2 (22.2)

Pain
Pain-free lesion 38 24 (30.0) 7 (17.9) 6 (28.6) 1 (11.1) 0.012 
Occasional pain but not mechanical 78 41 (51.3) 27 (69.2) 5 (23.8) 5 (55.6)
Mechanical 33 15 (18.8) 5 (12.8) 10 (47.6) 3 (33.3)

Bone lesion quality
Lytic 102 59 (73.8) 26 (66.7) 11 (52.4) 6 (66.7) 0.008 
Mixed (lytic/blastic) 30 9 (11.3) 8 (20.5) 10 (47.6) 3 (33.3)
Blastic 17 12 (15.0) 5 (12.8) 0 ( 0 (

Radiographic spinal alignment
Normal alignment 143 78 (97.5) 37 (94.9) 19 (90.5) 9 (100) 0.306 
Kyphosis/Scoliosis 5 2 (2.5) 2 (5.1) 1 (4.8) 0 (
Subluxation/Translation 1 0 ( 0 ( 1 (4.8) 0 (

Vertebral body fracture
None of the below 85 52 (65.0) 17 (43.6) 12 (57.1) 4 (44.4) 0.213 
No collapse with > 50% body involved 28 15 (18.8) 9 (23.1) 3 (14.3) 1 (11.1)
< 50% collapse 28 11 (13.8) 9 (23.1) 4 (19.0) 4 (44.4)
> 50% collapse 8 2 (2.5) 4 (10.3) 2 (9.5) 0 (

Posterolateral involvement of spinal elements
None of the above 83 56 (70.0) 20 (51.3) 5 (23.8) 2 (22.2) < 0.001
Unilateral 44 18 (22.5) 11 (28.2) 12 (57.1) 3 (33.3)
Bilateral 22 6 (7.5) 8 (20.5) 4 (19.0) 4 (44.4)

SINS classification

Stability 83 49 (61.3) 22 (56.4) 9 (42.9) 3 (33.3) 0.104 
Intermediate stability 62 30 (37.5) 17 (43.6) 10 (47.6) 5 (55.6)
Instability 4 1 (1.3) 0 ( 2 (9.5) 1 (11.1)

(Continued to the next page)
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5. Endpoints and follow-up

The primary endpoints were local progression (LP) and
VCF. The secondary endpoints were side effects and pain 
response rate.

LP-free survival was defined as the time from SRS to an
occurrence of LP in the treated spine, patient death, or last
follow-up. VCF progression-free survival was defined as the
duration from SRS to an occurrence of a newly generated
VCF or a VCF more progressed than a previous one, patient
death, or last follow-up. LP and VCF were diagnosed based
on serial changes in the radiologic images during the follow-
up period, corresponding reports of radiologists, and clinical
symptoms. Chart reviews were conducted three times by one
physician (Y.J.K.), and equivocal cases were decided after
discussion among two or more physicians.

Side effects were evaluated according to the Radiation
Therapy Oncology Group!European Organisation for 
Research and Treatment of Cancer (RTOG-EORTC) criteria
[11]. Criteria for acute toxicity covered day 1 (commence-
ment of therapy) through day 90. Thereafter, criteria for late
effects were utilized. Pain was scored using a visual analogue
scale. Primary pain was scored on the day of the first visit.
Pain after SRS was scored on every follow-up day. The min-
imum pain score after SRS was compared with the primary
pain score before SRS.

The first visit was 1-2 weeks after SRS. Patients were fol-
lowed up after 1 month and every 3 months thereafter. Spine
MRI was also performed every 3 months or when patients
expressed relevant symptoms. For analyses of LP and VCF,
all radiologic images, such as spine, chest, and abdomen CT
scans that were obtained for other reasons, were included in
the assessment.

6. Statistical analysis

Pearson’s chi-squared test was used to compare character-
istics and pain responses among groups categorized accord-
ing to the Bilsky criteria. Death of a patient before LP or VCF
was considered a competing risk. Cumulative incidences of
LP and VCF rates were obtained using the univariate cumu-
lative incidence function in the presence of competing risks,
as suggested by Fine and Gray [12]. Subhazard ratios (SHR)
of variables for LP and VCF were calculated using a univari-
ate regression model.

Patient, tumor, and treatment variables that were signifi-
cantly different among the Bilsky groups in the chi-square
test, variables that had significant SHRs in the univariate 
regressions with p < 0.1, and variables that were considered
clinically important were incorporated in the multivariate

Table 1.  Continued

Characteristic No. of Grade 0 Grade 1 Grade 2 Grade 3 p-valuea)
regions (n=80) (n=39) (n=21) (n=9)

SRS dose (Gy)                                   
! 20 135 66 (82.5) 39 (100) 21 (100) 9 (100) 0.004 
> 20 14 14 (17.5) 0 ( 0 ( 0 (

SRS dose (Gy)
Median (range) 149 18 (12-24) 18 (14-20) 18 (13-20) 18 (16-20) 0.009b)

ISRC sites number of treatment field
1-3 62 45 (56.3) 7 (17.9) 8 (38.1) 2 (22.2) 0.001 
4-6 87 35 (43.8) 32 (82.1) 13 (61.9) 7 (77.8)

Values are presented as number (%) unless otherwise indicated. ECOG, Eastern Cooperative Oncology Group; HCC, hepa-
tocellular carcinoma; RCC, renal cell carcinoma; SINS, Spinal Instability Neoplastic Score; SRS, stereotactic radiosurgery;
ISRC, International Spine Radiosurgery Consortium. a)Pearson’s chi-squared test, b)ANOVA test.

Fig. 1.  Cumulative incidence function of local progression
following univariate competing risk regression analysis in
spinal metastasis treated with stereotactic radiosurgery.
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Characteristic No. of No. of Univariate Multivariate
regions events (%) SHR 95% CI p-valuea) SHR 95% CI p-valueb)

Age (yr)
! 55 50 1 (2) Reference Reference
> 55 99 6 (6) 3.409 0.430-27.026 0.246 1.744 0.256-11.843 0.569

Sex
Male 90 6 (7) Reference
Female 59 1 (2) 0.257 0.0316-2.095 0.204 NA

ECOG performance status
0-1 137 6 (4) Reference
2-4 12 1 (8) 1.939 0.230-16.366 0.543 NA

Primary tumor
Lung 32 1 (3) Reference Reference
Breast 25 0 ( 0.000 NA < 0.001 0.000 NA < 0.001
HCC 33 2 (6) 1.900 0.180-19.976 0.594 3.526 0.388-32.061 0.263
RCC 10 2 (20) 7.885 0.783-79.411 0.080 5.002 1.028-24.341 0.046
Others 49 2 (4) 1.362 0.130-14.333 0.797 1.490 0.103-21.624 0.770

Solitary metastasis
No 129 7 (5) Reference Reference
Yes 20 0 ( 0.000 NA < 0.001 0.000 NA < 0.001

SINS criteria
Tumor location

Junctional (occiput-C2, C7-T2, 58 4 (7) Reference
T11-L1, L5-S1)

Mobile spine (C3-C6, L2-L4) 44 1 (2) 0.338 0.038-3.004 0.331 NA
Semi-rigid (T3-T10) 47 2 (4) 0.649 0.121-3.496 0.615

Pain
Pain-free lesion 38 2 (5) Reference
Occasional pain but not mechanical 78 2 (3) 0.526 0.075-3.694 0.518 NA
Mechanical 33 3 (9) 1.978 0.337-11.620 0.450

Bone lesion quality
Lytic 102 6 (6) Reference Reference
Mixed (lytic/blastic) 30 1 (3) 0.596 0.072-4.962 0.632 0.236 0.004-15.243 0.497
Blastic 17 0 ( 0.000 NA < 0.001 0.000 NA < 0.001

Radiographic spinal alignment
Normal alignment 143 7 (5) Reference
Kyphosis/Scoliosis 5 0 ( 0.000 NA < 0.001 NA
Subluxation/Translation 1 0 ( 0.000 NA < 0.001

Vertebral body fracture
None of the below 85 3 (4) Reference
No collapse with > 50% body involved 28 1 (4) 1.045 0.107-10.186 0.970 NA
< 50% collapse 28 3 (11) 3.405 0.706-16.421 0.127
> 50% collapse 8 0 ( 0.000 NA < 0.001

Posterolateral involvement of 
spinal elements
None of the above 83 2 (2) Reference Reference
Unilateral 44 3 (7) 3.178 0.546-18.488 0.198 1.222 0.091-16.420 0.880
Bilateral 22 2 (9) 3.827 0.539-27.187 0.180 1.576 0.208-11.909 0.660

(Continued to the next page)

Table 2. Univariate and multivariate competing risk analyses of local progression after SRS in spinal metastasis
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competing-risks regression analysis.
All p-values were two-sided, and p < 0.05 was considered

statistically significant. The analyses were performed using
Stata/MP 14.2 software (StataCorp., College Station, TX).

7. Ethical statement

This study was approved by an institutional review board
at Seoul National University Hospital (no. 1705-049-853), and
the requirement of informed consent for retrospective chart
review was waived.

Results

1. Patient characteristics

The median follow-up period was 8.8 months (range, 0.5
to 56.6 months). There were 105 patients, 129 treatment cases,
and 149 spinal regions (Table 1). ESCC (Bilsky grades 2-3)
was correlated with more pain (p=0.012), non-blastic charac-
ter (p=0.008), and posterolateral involvement (p < 0.001). All
patients in Bilsky grade 1-3 groups received doses of ! 20 Gy

(p=0.004). The median dose was 18 Gy for all Bilsky groups.

2. Local progression

The median time of LP was 6.8 months (range, 0.6 to 10.3
months). During the follow-up period, only seven cases of

Fig. 2.  Cumulative incidence function of vertebral com-
pression fracture following univariate competing risk 
regression analysis in spinal metastasis treated with ste-
reotactic radiosurgery.
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Characteristic
No. of No. of Univariate Multivariate

regions events (%) SHR 95% CI p-valuea) SHR 95% CI p-valueb)

SINS classification

Stability 83 3 (4) Reference
Intermediate stability 62 3 (5) 1.436 0.293-7.043 0.622 NA
Instability 4 1 (25) 7.426 0.702-78.505 0.096

SRS dose (Gy)

! 20 135 7 (5) Reference Reference
> 20 14 0 ( 0.000 NA NA 0.000 NA < 0.001

ISRC sites number of treatment field

1-3 62 0 ( Reference Reference
4-6 87 7 (8) NA NA NA NA NA < 0.001

Bilsky

Grade 0 80 2 (3) Reference Reference
Grade 1 39 3 (8) 2.917 0.494-17.214 0.237 1.160 0.078-17.203 0.914
Grade 2 21 0 ( 0.000 NA < 0.001 0.000 NA < 0.001
Grade 3 9 2 (22) 9.493 1.412-63.825 0.021 4.521 0.353-57.852 0.246

SRS, stereotactic radiosurgery; SHR, subhazard ratio; CI, confidence interval; NA, not applicable; ECOG, Eastern Cooperative
Oncology Group; HCC, hepatocellular carcinoma; RCC, renal cell carcinoma; SINS, Spinal Instability Neoplastic Score; ISRC,
International Spine Radiosurgery Consortium. a)Univariate competing-risks regressions based on Fine and Gray’s propor-
tional subhazards model, b)Multivariate competing-risks regressions based on Fine and Gray’s proportional subhazards
model. 
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Characteristic No. of No. of Univariatea) Multivariateb)

regions events (%) SHR 95% CI p-value SHR 95% CI p-value
Age (yr)
! 55 50 2 (4) Reference Reference
> 55 99 9 (9) 2.616 0.586-11.684 0.208 1.595 0.268-9.479 0.608

Sex
Male 90 9 (10) Reference
Female 59 2 (3) 0.344 0.074-1.605 0.175 NA

ECOG performance status
0-1 137 9 (7) Reference
2-4 12 2 (17) 2.902 0.617-13.649 0.177 NA

Primary tumor
Lung 32 1 (3) Reference Reference
Breast 25 0 ( 0.000 NA < 0.001 0.000 NA <0.001
HCC 33 4 (12) 4.029 0.456-35.608 0.210 4.369 0.372-51.299 0.241
RCC 10 1 (10) 3.619 0.233-56.192 0.358 2.585 0.095-70.547 0.573
Others 49 5 (10) 3.548 0.427-29.471 0.241 4.111 0.470-35.958 0.201

Solitary metastasis
No 129 10 (8) Reference
Yes 20 1 (5) 0.619 0.078-4.910 0.649 NA

SINS criteria
Tumor location

Junctional (occiput-C2, C7-T2, 58 5 (9) Reference
T11-L1, L5-S1)

Mobile spine (C3-C6, L2-L4) 44 3 (7) 0.791 0.190-3.293 0.747 NA
Semi-rigid (T3-T10) 47 3 (6) 0.775 0.184-3.269 0.728

Pain
Pain-free lesion 38 1 (3) Reference Reference
Occasional pain but not mechanical 78 7 (9) 3.829 0.475-30.813 0.207 11.769 0.866-159.715 0.064
Mechanical 33 3 (8) 4.035 0.418-38.937 0.228 5.370 0.518-55.718 0.159

Bone lesion quality
Lytic 102 8 (8) Reference Reference
Mixed (lytic/blastic) 30 2 (7) 0.923 0.191-4.464 0.921 0.769 0.099-5.970 0.801
Blastic 17 1 (6) 0.615 0.084-4.493 0.632 0.742 0.099-5.548 0.771

Radiographic spinal alignment
Normal alignment 143 10 (7) Reference Reference
Kyphosis/Scoliosis 5 1 (20) 2.760 0.348-21.841 0.336 8.749 1.069-71.643 0.043
Subluxation/Translation 1 0 ( 0.000 NA < 0.001 0.000 NA < 0.001

Vertebral body fracture
None of the below 85 5 (6) Reference
No collapse with > 50% body involved 28 2 (7) 1.224 0.240-6.247 0.808 NA
< 50% collapse 28 3 (11) 2.115 0.504-8.869 0.306
> 50% collapse 8 1 (13) 2.107 0.272-16.221 0.477

Posterolateral involvement of 
spinal elements
None of the above 83 6 (7) Reference Reference
Unilateral 44 4 (9) 1.393 0.397-4.887 0.604 0.842 0.141-5.019 0.850
Bilateral 22 1 (5) 0.616 0.074-5.157 0.655 0.190 0.025-1.453 0.109

(Continued to the next page)

Table 3. Univariate and multivariate competing risk analyses of vertebral compression fracture after SRS in spinal metas-
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LP were observed. Among them, there were two patients
with Bilsky grade 0; 3 with Bilsky grade 1; 0 with Bilsky
grade 2; and 2 with Bilsky grade 3. The cumulative incidence
of LP at 1 year after SRS was 4.8%. The 1-year cumulative 
incidence of LP for Bilsky grade 0 was 3.0%; for Bilsky grade
1, it was 8.4%; for Bilsky grade 2, it was 0%; and for Bilsky
grade 3, it was 24.9% (Fig. 1). On univariate competing-risk
regression, Bilsky grade 3 was positively correlated with LP
(compared with Bilsky grade 0; SHR for Bilsky grade 1, 2.917;
95% confidence interval [CI], 0.494 to 17.214; p=0.237; SHR
for Bilsky grade 2, not applicable due to no LP event; SHR
for Bilsky grade 3, 9.493; 95% CI, 1.412 to 63.825, p=0.021)
(Table 2). 

Patients whose primary lesions were breast lesions, who
had a spinal lesion that was a solitary metastasis, whose 
lesions were blastic, who received a dose of > 20 Gy, and
whose treatment field was comprised of three or fewer ISRC
sites, did not experience an LP.

On multivariate analysis of LP, compared with the Bilsky
grade 0 group, the grades 1-3 groups did not show statisti-
cally significant differences in LP (SHR for grade 1, 1.160;
95% CI, 0.078 to 17.203; p=0.914; no LP for grade 2; SHR for
grade 3, 4.521; 95% CI, 0.353 to 57.852; p=0.246). Meanwhile,
the following were statistically significant favorable factors:
primary breast cancer, solitary metastasis, blastic lesion, RT

dose of > 20 Gy, and three or fewer ISRC sites in the treat-
ment field (p < 0.001 for all). Primary renal cell carcinoma
was correlated with poor local control, compared with pri-
mary lung tumor (SHR, 5.002; 95% CI, 1.028 to 24.341;
p=0.046).

After LP, six regions (85.7%, 6/7) were treated with re-
irradiation and/or decompressive laminectomy. One region
of LP was observed that was due to poor general condition
without related symptoms.

Among the two Bilsky grade 3 patients who experienced
LP (initial motor function grade was 5 in both patients), one
patient received palliative RT 11 months after SRS (motor
function, from 4+ to 5) followed by a laminectomy an addi-
tional 9 months after the palliative RT (motor function, from
3 to 4). Another patient experienced aggressive LP just 1
month after SRS. Although this patient underwent laminec-
tomy, motor function was not recovered (motor function,
from 2 to 2).

3. Vertebral compression fracture

A total of 11 regions of VCF were observed. The median
time of VCF was 6.5 months (range, 2.3 to 12.6 months). 

The cumulative incidences of VCF at 1 year and 2 years
after SRS were 7.4% and 8.3%, respectively. The 1-year 

Characteristic
No. of No. of Univariatea) Multivariateb)

regions events (%) SHR 95% CI p-value SHR 95% CI p-value

SINS classification

Stability 83 6 (7) Reference
Intermediate stability 62 4 (6) 0.964 0.275-3.371 0.954 NA
Instability 4 1 (25) 3.491 0.414-29.456 0.251

SRS dose (Gy)

! 20 135 10 (7) Reference Reference
> 20 14 1 (7) 1.065 0.136-9.332 0.952 1.934 0.172-21.749 0.593

ISRC sites number of treatment field

1-3 62 5 (8) Reference Reference
4-6 87 6 (7) 0.838 0.256-2.739 0.770 0.807 0.098-6.628 0.807

Bilsky

Grade 0 80 5 (6) Reference Reference
Grade 1 39 2 (5) 0.781 0.154-3.962 0.766 0.753 0.150-3.780 0.730
Grade 2 21 3 (14) 2.733 0.635-11.767 0.177 5.368 1.129-25.530 0.035
Grade 3 9 1 (11) 1.890 0.224-15.934 0.559 2.215 0.269-18.248 0.460

SRS, stereotactic radiosurgery; SHR, subhazard ratio; CI, confidence interval; NA, not applicable; ECOG, Eastern Cooperative
Oncology Group; HCC, hepatocellular carcinoma; RCC, renal cell carcinoma; SINS, Spinal Instability Neoplastic Score; ISRC,
International Spine Radiosurgery Consortium. a)Univariate competing-risks regressions based on Fine and Gray’s propor-
tional subhazards model, b)Multivariate competing-risks regressions based on Fine and Gray’s proportional subhazards
model. 
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cumulative incidences of VCF for Bilsky grades 0, 1, 2, and 3
were 6.6%, 5.2%, 17.1%, and 12.1%, respectively, and the 
2-year cumulative incidences of VCF for Bilsky grades 0, 1,
2, and 3 were 7.5%, 5.9%, 19.0%, and 13.6%, respectively (Fig. 2).
On univariate competing-risk regression, Bilsky grade was
not correlated with VCF (compared with Bilsky grade 0; SHR
for Bilsky grade 1, 0.781; 95% CI, 0.154 to 3.962; p=0.766; SHR
for Bilsky grade 2, 2.733; 95% CI, 0.635 to 11.767; p=0.177;
SHR for Bilsky grade 3, 1.890; 95% CI, 0.224 to 15.934;
p=0.559) (Table 3).

According to SINS classification, cumulative incidences of
VCF in the stability, intermediate stability, and instability
groups at 1 year after SRS were 8.4%, 8.1%, and 26.5%, res-
pectively. Although there was a trend of positive correlation
between SINS classification and VCF risk, the number of 
patients in the instability group was only 4, which may have
contributed to why SINS classification did not show a statis-
tically significant difference in VCF in the univariate com-

peting risk regression.
In the univariate regressions, only the primary tumor site

of the breast showed statistical significance as a favorable
prognostic factor in the progression of VCF (p < 0.001). On
multivariate competing-risk regression analysis, Bilsky grade
2 showed a significant correlation with VCF (compared with
Bilsky grade 0; SHR for grade 1, 0.753; 95% CI, 0.150 to 3.780;
p=0.730; SHR for grade 2, 5.368; 95% CI, 1.129 to 25.530;
p=0.035; SHR for grade 3, 2.215; 95% CI, 0.269 to 18.248;
p=0.460).

Among the 11 regions of VCF, four regions were treated
with surgery (posterior fixation with/without decompres-
sion or corpectomy), three regions were stable without neu-
rologic symptoms and were closely observed, three regions
were not treated because of poor prognosis or patient refusal,
and one region received RT because of combined LP. Among
the four patients who underwent surgery, three patients
showed no motor weakness (grade 5), while one experienced

Pain response
Bilsky grade

p-valuea)

Grade 0 (n=56) Grade 1 (n=32) Grade 2 (n=15) Grade 3 (n=8)
CR 25 (44.6) 6 (18.8) 2 (13.3) 1 (12.5) 0.008 
PR 19 (33.9) 19 (59.4) 6 (40.0) 4 (50.0)
SD 8 (14.3) 5 (15.6) 5 (33.3) 1 (12.5)
PD 3 (5.4) 1 (3.1) 2 (13.3) 0 (
Not checkable 1 (1.8) 1 (3.1) 0 ( 2 (25.0)

Values are presented as number (%). CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
a)Pearson's chi-squared test.

Table 4. Pain response according to Bilsky grade in spinal metastasis

Fig. 3.  An example of region (T12 spine) of progressed epidural spinal cord compression (ESCC) induced by vertebral com-
pression fracture (VCF) after stereotactic radiosurgery (SRS) (20 Gy/1 fraction to T11-L1 spines). (A) Before SRS (T12 spine,
Bilsky grade 2). (B) Progressed VCF and ESCC at T12 spine 7 months after SRS. (C) Posterior fixation (T9- L2) after diagnosis
of progressed ESCC (motor function, from 4 to 4+).

A B C
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slightly improved motor function after surgery (from grade
4 to 4+).

Newly diagnosed or progressed ESCC induced by VCF
was observed in three (2.0%, 3/149) regions, which had been
Bilsky grades 0, 2, and 3. For these regions, one patient (Bil-
sky grade 2) underwent posterior fixation, and motor func-
tion was slightly improved (from grade 4 to 4+) (Fig. 3). The
other two patients did not undergo further treatment 
because of poor general condition and patient refusal, 
although they experienced motor weakness.

4. Side effects

Pain flare was observed in 17.1% of treatment cases
(22/129) (from 2 hours after SRS to 3 days after SRS). An
acute side effect was observed in 10 of 129 cases (7.8%). Dys-
phasia due to RT-induced esophagitis was observed in eight
of 129 cases (6.2%). Two patients of 129 experienced grade 2
neural symptoms (1.6%); one of them experienced a tingling
sensation in both upper arms, and the other experienced 
radiating upper back pain with a tingling sensation as well.
Side effects of grades ! 3, including RT-induced neurotoxic-
ity, were not observed.

5. Symptom responses

Pain at the metastatic site was observed in 86.0% of cases
(111/129). Among these cases, the complete response rate
was 30.6% (34/111), the partial response rate was 43.2%
(48/111), the stable disease rate was 17.1% (19/111), and the
pain progression rate was 5.4% (6/111) (Table 4). Although
the pain response after SRS in patients with ESCC was lower
than that in patients without ESCC, complete or partial 
response rates were > 50%. Complete or partial response
rates for Bilsky grades 0, 1, 2, and 3 were 78.5%, 78.2%, 53.3%,
and 62.5%, respectively (p=0.008, Pearson’s chi-squared test).

Neural defect with decreased motor function before SRS
was observed in three cases. Among these, two were Bilsky
grade 3 (motor function, grades 4 and 1) and one case was
Bilsky grade 2 (motor function, grade 3). These patients did
not undergo surgery because of patient refusal, short life 
expectancy, and/or accompanying disease. In the case with
Bilsky grade 2, motor function was improved after SRS (from
grade 3 to 4). For the cases with Bilsky grade 3, motor func-
tion level remained the same after SRS.

Discussion

Our study showed that Bilsky grade 2 ESCC did not 
increase the risk of LP after spinal SRS, while there was an
increased, but moderate, VCF rate. There was no LP in the
Bilsky grade 2 group, and among nine patients in the Bilsky
grade 3 group, seven did not experience LP. Pain response
rates were 53.3% and 62.5% in the grades 2 and 3 groups, 
respectively. During the follow-up period, no patient expe-
rienced a toxicity grade ! 3. Considering these findings, SRS
might be an alternative option to open surgery for patients
with ESCC who do not satisfy the criteria for emergent sur-
gical treatment.

Spinal metastasis with ESCC has been considered a con-
traindication for SRS because there is not sufficient space 
between the spinal cord and tumor [13]. The mechanism of
neuropathy is considered to originate from vascular change,
and a high radiation dose may provoke vascular damage and
ischemia [14]. However, one study reported that as long as
there is compliance with spinal cord dose constraints, neu-
rologic damage will not be significantly higher than that in
cases without ESCC [7].

In our study, prioritization of dose constraints did not 
decrease local control rates in the Bilsky grade 2 group. How-
ever, although most regions (7 out of 9) in the Bilsky grade 3
group showed local control during the follow-up period, the
cumulative incidence of LP for Bilsky grade 3 was higher
than that of grade 0, and neurologic deficits before SRS were
not improved, indicating that SRS alone might not be suffi-
cient for patients in the grade 3 group. According to the neu-
rologic, oncologic, mechanical, and systemic (NOMS) deci-
sion framework [15], open surgery followed by RT (SRS or
conventional RT) should be considered a priority for Bilsky
grade 3 patients, as long as they are in an operable condition.

There have been no published papers directly comparing
surgery and SRS for spinal metastasis with ESCC [16]. The
latest studies have shown that both surgery plus RT and SRS
have high local control rates of approximately 80%-90% in
ESCC patients [17,18]. However, SRS does not provide
prompt decompression, and therefore recovery of neurolog-
ical function might be less likely than is the case with surgery
[19]. Surgery has a higher perioperative complication rate,
while SRS is correlated with late toxicities, including VCF
[20,21]. Therefore, SRS can be performed in patients with
no/mild neurologic symptoms, who have inoperable dis-
eases, or who are at high risk of surgical adverse events. Sur-
gery should be considered for patients with definite neuro-
logic symptoms, mechanical pain, or vertebral instability
[22].

There were no LP events for patients with solitary or osteo-
blastic bone metastasis. Patients with solitary bone metasta-
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sis would have less tumor burden than those with more than
one metastasis and may have undergone active treatment
with a near-curative intent. These might be the reasons for
higher local control rates in these patients compared to oth-
ers.

There were no significant differences in primary tumors
between the blastic and lytic bone quality groups. It is con-
troversial to determine the aggressiveness of bone metastasis
based on whether it is osteolytic or osteoblastic [23]. Accord-
ing to MD Anderson cancer response criteria for bone metas-
tasis, sclerotic change of lytic lesions or osteoblastic flare can
be considered treatment responses [24]. Since most of the 
patients in this study received systemic therapies, some of
the osteoblastic regions might have been related to sclerotic
changes, which are partial treatment responses. However,
the number of patients with osteoblastic metastasis was too
small to draw general conclusions.

In terms of safety, VCF after SRS appeared to cause more
harm than RT-induced neurologic side effects. Not only LP
of metastatic disease, but also VCF can provoke ESCC
[25,26]. In our study, the rate of VCF-induced ESCC was 6.7%
(2/30) for Bilsky grades 2-3.

SRS for spinal metastasis with ESCC may have complex 
effects on VCF risk. First, ESCC could mean an invasion of
the metastatic tumor to the central canal, and the resulting
structural instability might increase VCF risk [27]. Second,
the high dose in SRS may provoke VCF [6]. And lastly, LP
may generate a pathologic VCF [2]. In our study, spinal
metastasis with ESCC was significantly associated with a
high VCF rate after SRS, as evidenced by a 1-year cumulative
incidence of 12.1%-17.1%.

Cunha et al. [6] demonstrated that a single-dose SRS of 
! 20 Gy increases the VCF rate. In our study, no patient with
ESCC was treated with > 20 Gy. The instability of ESCC
might lower the threshold of the RT dose for VCF to < 20 Gy.
Previous studies have reported that the VCF rate after SRS

ranges from 5.7% to 41% (mean 12.3%) [28]. Although this
suggests that VCF risk in our study was moderate, consider-
ing the high rate of local control and possible instability of
ESCC, reducing the RT dose for patients with ESCC might
decrease SRS-induced VCF [29]. Further studies are neces-
sary to determine an optimal RT dose for spinal metastasis
with ESCC.

This study has some limitations. The nature of the study is
retrospective, and the sample size was relatively small. A ret-
rospective review about side effects may lead to underesti-
mation of the rate of side effects. Furthermore, the perfor-
mance status of the patients was poor, resulting in short fol-
low-up periods due to death or hospital transfer to hospice
care. Despite the small sample size of this study, the homo-
geneity of the sample—characterized by no previous spine
surgery and use of single-fraction SRS only—provides accu-
rate insight about SRS for treating spinal metastasis with
ESCC.

In conclusion, after SRS for spinal cord metastasis, the
presence of Bilsky grade 2 ESCC did not increase the LP rate
and was associated with a moderate VCF rate. Thus, spinal
SRS could be a safe and feasible treatment for spinal metas-
tasis with Bilsky grade 2 ESCC. Since Bilsky grade 3 showed
a high LP rate, SRS alone without surgery might not be 
appropriate for spinal metastasis with Bilsky grade 3 ESCC.
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Purpose

The purpose of this study was to investigate the changes of tumor infiltrating lymphocytes

(TILs) between core needle biopsy (CNB) and surgery removed sample (SRS) in early stage

breast cancer patients and to identify the correlating factors and prognostic significance of

TILs changes.

Materials and Methods

A retrospective study was carried out on 255 patients who received CNB and underwent

surgical resection for invasive breast cancer. Stromal TILs levels of CNB and SRS were eval-

uated respectively. Tumors with ! 50% stromal TILs were defined as lymphocyte-predomi-

nant breast cancer (LPBC). Clinicopathological variables were analyzed to determine

whether there were factors associated with TILs changes. Log-rank tests and Cox propor-

tional hazards models were used to analyze the influences of TILs and TILs changes on sur-

vival.

Results

SRS-TILs (median, 10.0%) were significant higher than CNB-TILs (median, 5.0%; p < 0.001).

Younger age (< 60 years, p=0.016) and long surgery time interval (STI, ! 4 days; p=0.003)

were independent factors correlating with higher TILs changes. CNB-LPBC patients showed

better breast cancer-free interval (BCFI, p=0.021) than CNB-non-LPBC (CNB-nLPBC) pati-

ents. Patients were categorized into four groups according to the LPBC change pattern from

CNB to SRS: LPBC"LPBC, LPBC"nLPBC, nLPBC"LPBC, and nLPBC"nLPBC, with esti-

mated 5-year BCFI 100%, 100%, 69.7%, and 86.0% (p=0.016). nLPBC"LPBC pattern was

an independent prognostic factor of worse BCFI (hazard ratio, 2.19; 95% confidence interval,

1.06 to 4.53; p=0.035) compared with other patterns.

Conclusion

TILs were significantly higher in SRS than in CNB. Higher TILs changes were associated with

younger age and long STI. Changing from nLPBC to LPBC after CNB indicated a worse BCFI,

which needs further validation.

Key words
Breast neoplasms, Core needle biopsy, Surgery, 

Tumor infiltrating lymphocytes, Prognosis
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Introduction

Tumor immune microenvironment plays an important
role in tumor development, progression, and control. Effec-
tive immune surveillance by the host immune system pro-
tects the body against cancer. In breast cancer, lymphocyte

infiltration was detectable in more than 80% of tumors [1-3],
and accumulating evidence from several recent large clinical
studies indicates that high levels of tumor infiltrating lym-
phocytes (TILs) are predictive of better response to neoadju-
vant chemotherapy, and increased survival [2-9]. These
results suggest that tumors with different TILs levels may
have different biologic behaviors and different treatment 
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responses, and there is a role to evaluate TILs in clinical trial
cohorts as well as in daily histopathological practice. How-
ever, as a quantitative histological biomarker, the utilization
of TILs depends on the standardization and reproducibility
of TILs evaluation. A guideline for evaluation of TILs in
breast cancer has been published in 2014 [10], and two mul-
ticenter international ring studies have been conducted to
make TILs a reproducible marker [11]. 

Neoadjuvant therapy (NAT) is an increasingly used ther-
apeutic strategy for initially large, inoperable, or locally 
advanced breast tumors, as well as operable cancers suscep-
tible to specific treatments. NAT not only induce clinical res-
ponses that allow breast-conserving surgery and better sur-
vival, but also allows observation of tumor response to spe-
cific regimen. Sequential biopsies of the same tumor to be
taken at different time points during NAT, allows assessment
of biologic changes in the tumor long before clinical evidence
of response can be determined. The changes of biomarkers
like Ki67 after a short exposure to pre-surgery therapy has
been found to be related with survival [12,13]. Post-treatment
infiltration of lymphocytes has also been found to be associ-
ated with breast cancer outcome [14-18]. Early detection of
changes of TILs during NAT may play a potential role in
treatment response evaluation for breast cancer patients.

Core needle biopsy (CNB) is routinely used in breast can-
cer biopsy. Discordance of biomarkers, including estrogen
receptor (ER), progesterone receptor (PR), human epidermal
growth factor receptor 2 (HER2), and Ki67 exist between
CNB and surgery removed samples (SRS) [19,20]. Tumor het-
erogeneity, the process of specimen fixation and the proce-
dure of CNB can cause discordance of biomarkers evaluation
between CNB and SRS [21-23]. If we observed changes of
biomarkers in sequential biopsies, we need to consider whe-
ther the variations have occurred as a result of treatment, but
not for other reasons. We need to confirm that the informa-
tion we got from the core biopsies can represent the whole
tumor. However, there is limited data on  whether TILs sta-
tus in CNBs can represent those in the whole tumor section.
To solve this question, the present study was designed to
compare the TILs status between sequential CNB samples
and SRS of breast cancer patients who received surgery soon
after CNB without NAT, to find which factors are related
with TILs changes, and to further explore the prognostic sig-
nificance of TILs and TILs changes. 

Materials and Methods

1. Patients

We retrospectively analyzed patients who received CNB
and underwent the following surgical resection for breast
cancer between January 2009 and December 2011 in Com-
prehensive Breast Health Center, Shanghai Ruijin Hospital.
The CNB procedure was done under the guide of ultrasound
and at least four 14-gauge CNB samples were collected for
pathological examination. 

Patient who met all the following criteria were included in
this study: (1) female sex; (2) found invasive carcinoma in
both CNB and SRS; (3) no preoperative anti-cancer therapy;
and (4) paired CNB and SRS sections available for TILs eval-
uation. Patients with stage IV breast cancer, with bilateral
breast cancer or with other malignant diseases at the time of
breast cancer diagnosis were excluded from this study. 

The baseline clinicopathological characteristics of the pati-
ents were achieved from Shanghai Jiaotong University Breast
Cancer Database, including age, menopausal status, per-
forming date of CNB and definite excision surgery, surgery
type, and histopathological information. Patients received 
adjuvant treatments according to physicians' choices. Adju-
vant treatment information and survival status were obta-
ined through outpatient medical history and/or phone calls. 

2. Pathologic assessment

The common histopathological information, including
breast cancer pathological type, histological grade, tumor
size, lymph node status, immunohistochemical (IHC) results
of ER, PR, HER2, and Ki67, were achieved from patients'
medical records. ER positivity (ER+) and PR positivity (PR+)
were defined as 1% or more positive invasive tumor cells
with nuclear staining. Hormonal receptor positivity (HR+)
was defined as ER+ or PR+. HER2 status was firstly deter-
mined by IHC staining and scored as 0, 1+, 2+, 3+ according
to the 2007 American Society of Clinical Oncology/College
of American Pathologists (ASCO/CAP) guideline. Samples
with HER2 IHC 2+ were further examined by fluorescence
in situ hybridization (FISH). Tumors with HER2 IHC 3+ or
FISH positive were regarded as HER2 positive. Five breast
cancer molecular subtypes were classified according to the
2013 St. Gallen breast cancer consensus [24]: luminal A
(ER+/HER2–, Ki67 < 14% and PR ! 20%), luminal B-HER2–
(ER+/HER2–, Ki67 ! 14%, or ER+/HER2–, PR < 20%, or ER–
/PR+/HER2–), luminal B-HER2+ (HR+/HER2+), triple-neg-
ative (TN, HR–/HER2–), and HER2+ (HR–/HER2+).

Evaluations of stromal TILs were performed on ready-
made full-face hematoxylin and eosin stained sections of
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paraffin-embedded CNB and SRS according to the 2014 rec-
ommendation of international TILs working group [10] by
an experienced pathologist (X.C. Fei). TILs were reported for
the stromal compartment (=% stromal TILs). 

TILs levels were evaluated separately for CNB and SRS,
recorded as CNB-TILs and SRS-TILs. Tumors with ! 10%
stromal TILs were regarded as high-TILs tumors, while 
tumors with < 10% TILs were regarded as low-TILs tumors.
Tumors with ! 50% stromal TILs were defined as lympho-
cyte-predominant breast cancer (LPBC) [2-5,10], while 
tumors with < 50% TILs were defined as non-lymphocyte-
predominant breast cancer (nLPBC). Tumors were catego-
rized into CNB-High-TILs, CNB-Low-TILs, SRS-High-TILs,
SRS-Low-TILs, CNB-LPBC, SRS-LPBC, CNB-nLPBC, and
SRS-nLPBC according to CNB-TILs and SRS-TILs status.

3. Statistical analysis

Change of stromal tumor infiltrating lymphocytes (!TILs)
was defined as the value of SRS-TILs minus CNB-TILs of
each patient. Surgery time interval (STI) was defined as the
day interval between CNB and definite surgery. Breast can-
cer-free interval (BCFI) was defined as the interval from the
first day after surgery to the date of any of the following
events happened: breast cancer recurrence at local or regio-
nal sites, metastasis to distant sites or newly diagnosed breast
cancer in the contralateral breast. Overall survival (OS) was
defined as time from the date of definite surgery to the date
of death from any cause. 

Kappa test was used to calculate the concordance rate of
ER, PR, HER2, Ki67, and TILs between CNB and SRS. Values
of " > 0.6 were correlated with good agreement, values bet-

Table 1. Baseline patient characteristics

(Continued)

Characteristic No. (%) (n=255)

Age (yr)

< 40 16 (6.3)
40-49 60 (23.5)
50-59 78 (30.6)
60-69 61 (23.9)
! 70 40 (15.7)

Menstrual status

Premenopausal 86 (33.7)
Postmenopausal 169 (66.3)

Breast surgery type

Mastectomy 223 (87.5)
Breast-conserving surgery 32 (12.5)

Pathological type

Invasive ductal carcinoma 241 (94.9)
Invasive lobular carcinoma 9 (3.5)
Others 5 (1.6)

Histological grade

I-II 132 (51.8)
III 110 (43.1)
NA 13 (5.1)

Tumor size (cm)

" 2 106 (41.6)
2-5 139 (54.5)
> 5 10 (3.9)

Axillary lymph node status

Negative 131 (51.4)
1-3 Positive 75 (29.4)
4-9 Positive 24 (9.4)
> 10 Positive 25 (9.8)

ER

Negative 66 (25.9)
Positive 189 (74.1)

PR

Negative 93 (36.5)
Positive 162 (63.5)

HER2

Negative 204 (80.0)
Positive 51 (20.0)

Ki67 (%)

< 20 86 (33.7)
! 20 169 (66.3)

Molecular subtype

Luminal A 36 (14.1)
Luminal B-HER2– 130 (51.0)
Luminal B-HER2+ 25 (9.8)
HER2 enriched 26 (10.2)
Triple negative 38 (14.9)

Surgery time interval (day)

< 4 104 (40.8)
! 4 151 (59.2)

Table 1. Continued

Pathological data is based on surgery removed sample.
ER, estrogen receptor; PR, progesterone receptor; HER2,
human epidermal growth factor receptor 2.

Characteristic No. (%) (n=255)

Chemotherapy

Yes 194 (76.1)
No 61 (23.9)

Radiotherapy

Yes 103 (40.4)
No 152 (59.6)

Targeted therapy (trastuzumab)

Yes 30 (11.8)
No 225 (88.2)

Endocrine therapy

Yes 190 (74.5)
No 65 (25.5)
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ween 0.4 and 0.6 considered moderate agreements, values 
< 0.4 corresponded to fair, and values < 0.2 reflected poor
agreement. TIL change after CNB was compared by using
the Wilcoxon signed-rank test. Mann-Whitney U test and
Kruskal-Wallis test were used to calculate the association bet-
ween CNB-TILs, SRS-TILs, and !TILs with clinicopatho-
logical factors. Multivariate ANOVA analysis was then done
to find the association and interaction between the rank of
!TILs and the tested factors. Kaplan-Meier method was used
to estimate survival curves and log-rank test was used to
compare survival between groups. Multivariate Cox propor-
tional hazards models were used to estimate the hazard ratio,
95% confidence interval (CI), and the effects of clinicopatho-
logical variables. All statistical tests were two-sided and p <
0.05 was considered as statistically significant. All the analy-
ses were done by SPSS ver. 23.0 for Mac (IBM Corp., Armonk,
NY).

4. Ethical statement

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of the
independent Ethical Committee/Institutional Review Board
of Ruijin Hospital and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards. Infor-
med consent was exempted due to the retrospective format
of this study.

Results

1. Patient characteristics   

The clinicopathological characteristics of the 255 patients
included in this study are detailed in Table 1. The median
patients' age was 56 years (range, 28 to 86 years). Mastectomy
and breast-conserving surgery were performed in 223
(87.5%) and 32 (12.5%) patients, respectively. Tumor size was
pT1 (! 2 cm) in 41.6% and pT2 (2-5 cm) in 54.5% patients. The
majority (94.1%) of the patients had an invasive ductal carci-
noma and 43.1% of the patients had a grade III tumor. Axil-
lary lymph node status was pN0 in 51.4% and pN1 (1-3
positive nodes) in 29.4% of the cases; the remaining 19.2% of
the patients had four or more metastatic lymph nodes. Most
(74.1%) of the patients had an ER-positive tumor and 20%
had a HER2-positive tumor. Median Ki67 was 20%. There
were 14.1%, 51.0%, 9.8%, 10.2%, and 14.9% patients classified
as luminal A, luminal B-HER2–, luminal B-HER2+, HER2+,
and TN subtype, respectively. Median STI was 4 days, rang-
ing from 1 to 32 days. Forty point eight percent of patients

received surgery within 1-3 days after CNB. Seventy-six
point one percent of the patients received chemotherapy;
40.4% received radiotherapy; 74.5% received endocrine ther-
apy; 11.8% received trastuzumab as targeted therapy, 
accounting for 58.8% (30/51) of all HER2-positive patients.

2. Association of TILs with clinicopathological characteris-

tics 

The distribution of CNB-TILs and SRS-TILs by different
subtypes is shown in Fig. 1A. Overall, the median value of
CNB-TILs was 5.0% (interquartile range [IQR], 1.0% to
20.0%), and 10.2% of the patients had CNB-LPBC (TILs " 50%
in CNB samples). CNB-TILs were correlated with molecular
subtypes (p < 0.001), high histological grade (p < 0.001), ER
negativity (p < 0.001), and high Ki67 expression (" 20%,
p=0.003). The median values of CNB-TILs of luminal A, 
luminal B-HER2–, luminal B-HER2+, HER2+, and TN were
1.0% (IQR, 0.0% to 5.0%), 5.0% (IQR, 1.0% to 16.3%), 8.0%
(IQR, 1.0% to 25.0%), 8.0% (IQR, 2.8% to 16.3%), and 20.0%
(IQR 5.0 to 50.0), respectively (p < 0.001). CNB-LPBC pheno-
type comprised 2.8%, 6.9%, 12.0%, 11.5%, and 26.3% in lumi-
nal A, luminal B-HER2–, luminal B-HER2+, HER2+, and TN
subtypes, respectively (p=0.004). CNB-TILs were not statis-
tically associated with age, menopausal status, lymph node
involvement, tumor size, PR status or HER2 status (p > 0.05). 

The median value of SRS-TILs was 10.0% (IQR, 5.0% to
35.0%), and 22.0% of the patients had SRS-LPBC (TILs " 50%
in SRS). SRS-TILs were associated with molecular subtype 
(p < 0.001), high histological grade (p < 0.001), ER negativity
(p < 0.001), PR negativity (p=0.036), high Ki67 expression 
(" 20%, p < 0.001), younger age (< 60 years, p=0.014), and
long STI (" 4 days, p=0.006). The median values of SRS-TILs
of luminal A, luminal B-HER2–, luminal B-HER2+, HER2+,
and TN were 5.0% (IQR, 3.0% to 15.0%), 10.0% (IQR, 5.0% to
30.0%), 10.0% (IQR, 4.0% to 55.0%), 20.0% (IQR, 7.3% to
56.3%), and 35.0% (IQR, 18.8 to 60.0), respectively (p < 0.001).
SRS-LPBC phenotype comprised 5.6%, 14.6%, 28.0%, 38.5%,
and 47.4% in the luminal A, luminal B-HER2–, luminal 
B-HER2+, HER2+, and TN subtypes, respectively (p < 0.001).
SRS-TILs were not statistically associated with menopausal
status, lymph node involvement, tumor size, or HER2 status
(p > 0.05).

3. Comparison of ER, PR, HER2, Ki67, and TILs between

CNB and SRS

The concordance rates of ER, PR, and HER2 between CNB
and SRS were 94.1% ("=0.841), 87.1% ("=0.724), and 97.3%
("=0.911), respectively. CNB and SRS had a good concor-
dance in ER, PR, and HER2.

Ki67 value was much higher in SRS comparing with CNB
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samples by using two-paired samples t test, with mean val-
ues of 29.5% and 26.4%, respectively (p < 0.001). Take ! 20%
as the cutoff value of high Ki67, the concordance rate of Ki67
was 82.4% (!=0.635).

The distribution of CNB-TIL and SRS-TIL of each patient
was shown in Fig. 1B. The median and mean value of CNB-
TILs was 5.0% and 13.8%, while in SRS-TILs was 10.0% and
22.3%. SRS-TILs were significantly higher than CNB-TILs by
using the Wilcoxon test (p < 0.001). Respectively use ! 10%, 
! 20%, ! 30%, ! 40%, ! 50%, ! 60%, and ! 70% as the cutoff

value of high TILs and low TILs, the concordance rates bet-
ween CNB-TILs and SRS-TILs were 75.3% (!=0.522), 82.4%
(!=0.607), 82.4% (!=0.554), 85.5% (!=0.525), 86.3% (!=0.500),
91.0% (!=0.579), and 98.4% (!=0.593). The agreement of TILs
between CNB and SRS was just moderate.
"TILs ranged from –45.0% to +79.0% (Fig. 1C), with median

value of 1.0%, and mean value of 8.6%. High "TILs was cor-
related with younger age (< 60 years, p=0.016), ER negativity
(p=0.006), and long STI (! 4 days, p=0.003) (Table 2). Multi-
variate ANOVA analysis showed that younger age (< 60

Fig. 1.  Distribution of TILs and "TILs. (A) Distribution of CNB-TILs% and SRS-TILs% in the global population and per
breast cancer subtype. The box shows the limits of the middle half of the data (1st to 3rd quartile), and the line inside repre-
sents the median. Whiskers are drawn to represent values within 1.5 times the length of the box from either end of the box
(1.5 times the interquartile range). Open circles correspond to mild outliers. Asterisks correspond to extreme outliers. (B)
Distribution of CNB-TILs and SRS-TILs per patient. Each open circle represents one patient; (C) Distribution of "TILs (per
10%). TILs, tumor infiltrating lymphocytes; "TILs, change of TILs; CNB, core needle biopsy; SRS, surgery removed sample,
Max, maximum; Min, minimum; Q, quartile.
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years, p=0.007), and long STI (! 4 days, p=0.004) were still

significantly associated with !TILs.

4. Association between TILs and prognosis

After a median follow-up of 68 months, there were 44 BCFI

events being recorded. Twenty-two deaths were recorded in

our study until the last follow-up. Fifteen patients died of

breast cancer and the other seven died from other reasons.

At univariate survival analysis, CNB-LPBC was a signifi-

cant predictor of better BCFI compared with CNB-nLPBC 

patients (estimated 5-year BCFI rate, 100% vs. 83.6%; p=0.021),

Characteristic

!TILs (%)

p-value

Median (IQR) Mean±SD

Age (yr)

< 60 2.0 (0.0-17.0) 11.1±19.6 0.016

! 60 0.0 (0.0-5.0) 4.9±13.3

Menstrual status

Premenopausal 0.0 (0.0-15.0) 11.2±20.5 0.888

Postmenopausal 1.0 (0.0-10.0) 7.24±15.8

Tumor size (cm)

" 2 0.0 (0.0-10.0) 8.0±17.8 0.517

> 2 1.0 (0.0-12.0) 9.0±17.5

Axillary lymph node status

Negative 0.0 (0.0-10.0) 8.7±17.3 0.973

Positive 1.0 (0.0-12.0) 8.4±18.0

Histological grade

I-II 0.0 (0.0-10.0) 7.2±15.3 0.360

III 2.0 (0.0-20.0) 10.4±20.5

NA 2.0 (0.0-12.5) 7.2±11.7

ER

Negative 6.0 (0.0-30.0) 15.3±24.5 0.006

Positive 0.0 (0.0-7.0) 6.2±13.7

PR

Negative 2.0 (0.0-17.0) 10.5±20.0 0.110

Positive 0.0 (0.0-10.0) 7.4±16.0

HER2

Negative 1.0 (0.0-10.0) 7.5±15.2 0.602

Positive 0.0 (0.0-27.5) 13.0±24.7

Ki67 (%)

< 20 0.0 (0.0-5.0) 4.8±11.5 0.062

! 20 2.0 (0.0-15.0) 10.5±19.8

Molecular subtype

Luminal A 2.0 (0.0-13.0) 6.8±11.7 0.074

Luminal B-HER2– 0.0 (0.0-7.0) 6.1±13.4

Luminal B-HER2+ 0.0 (0.0-14.5) 8.3±21.2

HER2 positive 8.5 (0.0-38.5) 17.5±27.4

Triple negative 5.0 (0.0-20.5) 13.0±21.7

Surgery time interval (day)

< 4 0.0 (0.0-5.0) 4.9±15.4 0.003

! 4 2.0 (0.0-16.0) 11.1±18.6

Pathological data is based on surgery removed sample. p-value calculated by Mann-Whitney U test. TILs, tumor infiltrating

lymphocytes; IQR, interquartile range; SD, standard deviation; ER, estrogen receptor; PR, progesterone receptor; HER2,

human epidermal growth factor receptor 2. 

Table 2. !TILs among patients with different clinicopathological characteristics 
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while no significant BCFI difference was observed by CNB-
High TILs or CNB-Low TILs (p=0.215), SRS-High TILs or
SRS-Low TILs (p=0.457), SRS-LPBC or SRS-nLPBC (p=0.752). 

Patients were categorized into four groups according to
the LPBC change pattern from CNB to SRS: LPBC!LPBC
(n=23), LPBC!nLPBC (n=2), nLPBC!LPBC (n=33), and
nLPBC!nLPBC (n=197). Details of TILs value of CNB and
SRS according to LPBC change pattern was listed in Table 3.
The estimated 5-year BCFI of patients with LPBC!LPBC,
LPBC!nLPBC, nLPBC!LPBC, and nLPBC!nLPBC pattern
was 100%, 100%, 69.7%, and 86.0%, respectively (p=0.016)
(Fig. 2A). nLPBC!LPBC patients had a worse BCFI than oth-
ers, p=0.013 (Fig. 2B). We also group patients according to
!TILs values (!TILs < 0% vs. ! 0%, < 5% vs. ! 5%, < 10% vs.
! 10%, < 20% vs. ! 20%, and < 30% vs. ! 30%) and found no
statistical difference of BCFI between groups (p > 0.05, res-
pectively). 

In subgroup analysis by molecular subtypes, nLPBC!
LPBC pattern was associated with worse BCFI in HER2-
enriched subtype (p=0.038) but not in luminal A, luminal 
B-HER2–, luminal B-HER2+, or TN subtypes (Fig. 2C-G). The
difference of BCFI according to CNB-LPBC status, SRS-LPBC
status, CNB-TILs status (high vs. low) and SRS-TILs (high
vs. low) status was not seen in any of the five molecular sub-
types.

We generate a multivariate Cox proportional hazards
model including tumor size, age, nodal status, histological
grade, STI, molecular subtype, CNB-LPBC status, and LPBC
change pattern (Table 4) and found LPBC change pattern of
nLPBC!LPBC (hazard ratio, 2.19; 95% CI, 1.06 to 4.53;
p=0.035) and tumor size > 2 cm (hazard ratio, 2.85; 95% CI,
1.36 to 6.00; p=0.006) were independent prognostic factor of
worse BCFI.

There were limited OS events in our study. No significant
OS difference was detected between groups by different clin-
icopathological variables including TILs.

Discussion

We have already known that variations of biomarkers exist
between CNB and SRS, which is supported by multiple stud-
ies that investigated the concordance of ER, PR, HER2, and
Ki67 status in CNB compared to SRS [19,20]. Our results
showed a similar concordance of ER, PR, HER2, and Ki67
with our previous study, in which CNB was accurate in eval-
uating ER, PR, and HER2 while Ki67 value significantly 
increased after CNB [20]. Few studies pay attention to the
variability of immune profiles between CNB and SRS. Jesel-
sohn et al. [25] have reported activation of immune-related
genes after CNB in a retrospective study evaluating 21 paired
core biopsies and excisions from breast cancer patients who
did not receive NAT. However, animal experiments con-
ducted by Mathenge et al. [26] showed that tumors from
biopsied mice contained a lower frequency of CD4+ T cells,
CD8+ T cells, and macrophages than that of un-biopsied
mice, suggesting biopsy-mediated development of an increa-
singly immunosuppressive tumor microenvironment [26]. In
this study, we found that TILs were higher in SRS than in
CNB. The reasons why TILs changes after CNB were hypo-
thetical: (1) with limited evidence, CNB was considered to
associate with activation of immune response in breast can-
cer [25], which indicates the difference between CNB and
SRS may be caused by the process of CNB. (2) Core biopsy
sample is supposed to contain more tissue from the periph-
ery of the tumor and fewer tissue from the center of the
tumor, although knowledge of which area of the tumor the
needle targets, is difficult to elucidate and might be regarded
as random. Malignant tumors usually develop hypoxic and
necrotic cores with higher microvascular density [27], which
may result in more immune infiltration in tumor center than
in the periphery area. This hypothesis indicates that it might
be intra-tumor heterogeneity that caused the difference of
TILs between CNB and SRS samples.  

We found younger age and long STI were correlated with

LPBC change pattern
CNB-TILs% SRS-TILs%                                        !TILs (%)

Median (IQR) Mean±SD Median (IQR) Mean±SD Median (IQR) Mean±SD
nLPBC!nLPBC (n=197) 5.0 (1.0 to 10.0) 7.5±9.5 8.0 (4.0 to 15.0) 11.3±10.7 0.0 (0.0 to 5.0) 3.8±8.7
nLPBC!LPBC (n=33) 10.0 (2.5 to 27.5) 1.4±12.9 60.0 (50.0 to 65.0) 59.2±7.9 45.0 (30.0 to 59.0) 44.7±16.5
LPBC!LPBC (n=23) 60.0 (60.0 to 70.0) 63.3±8.3 65.0 (60.0 to 70.0) 65.4±8.8 0.0 (0.0 to 0.0) 2.2±5.8
LPBC!nLPBC (n=2) 55.0 (55.0 to 55.0) 55.0± 7.1 10.0 (5.0 to 10.0) 10.0±7.1 –45.0 (–45.0 to –45.0) –45.0±0.0
Total 5.0 (1.0 to 20.0) 13.8±19.1 10.0 (5.0 to 35.0) 22.3±23.3 1.0 (0.0 to 10.0) 8.6±17.6

CNB, core needle biopsy; TILs, tumor infiltrating lymphocytes; SRS, surgery removed sample; LPBC, lymphocyte-predom-
inant breast cancer; IQR, interquartile range; SD, standard deviation; nLPBC, non-lymphocyte-predominant breast cancer.

Table 3. CNB-TILs, SRS-TILs and !TILs according to LPBC change pattern
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Fig. 2.  Breast cancer-free interval by LPBC change status in overall population (A, B), luminal A (C), luminal B-HER2– (D),

luminal B-HER2+ (E), HER2+ (F), and TNBC (G) patients. LPBC, lymphocyte predominant breast cancer; nLPBC, non-lym-

phocyte-predominant breast cancer; HER2, human epidermal growth factor receptor 2; TNBC, triple-negative breast cancer.
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higher TILs changes after CNB. The level of TILs was more
stable in elder patients. Aging is associated with the decrease
of autoimmune function, due to the degeneration of thymus
gland, the decreased export and replication of T cells, and
the reduced immune cell function [28]. For the above rea-
sons, elder patients may have insufficient immune activation
after CNB compared with younger patients so that TILs may
remain stable. We also assumed that the tumor biological 
behavior is always milder in elderly patients and tend to gen-
erate a more homogeneous tumor, which result in a similar
TILs between CNB and SRS. Longer STI was also an indi-
cator of higher chance of TILs increase after CNB in our
study. It indicated that the change of TILs after CNB can be
dynamic and contribute to the hypothesis that CNB process
caused TILs changes. Further studies are required to verify

the difference we found between CNB and SRS and to eluci-
date the underlying mechanism.

The prognostic value of TILs had been studied in a number
of trials. Meta-analysis has indicated that TILs were not prog-
nostic markers for disease-free survival (DFS) and OS in
overall population, but related to improved DFS and OS in
triple-negative breast cancer (TNBC) [29]. In our study, we
failed to detect the association between CNB-TILs or SRS-
TILs and survival, neither in the overall population nor in
the TNBC subgroup. At this point, we cannot conclude
whether CNB-TILs and SRS-TILs have equal value in sur-
vival prediction and further validation is needed. This is also
the first study assessing the correlation between changes of
TILs after CNB and survival. We found that patients changed
from nLPBC to LPBC after CNB experienced a worse BCFI

Characteristic

BCFI

p-value Hazard ratio (95% CI)

Age (yr)

< 60 0.156 1 (
! 60 1.58 (0.84-2.96)

Tumor size (cm) 

< 2 0.006 1 (
! 2 2.85 (1.36-6.00)

Axillary lymph node status

Negative 0.230 1 (
Positive 1.45 (0.79-2.66)

Histological grade 

I-II 0.072 1 (
III 1.83 (0.95-3.51)
NA 3.01 (0.99-9.09)

Molecular subtype

Luminal A 0.857
Luminal B-HER2– 1.59 (0.46-5.49)
Luminal B-HER2+ 2.21 (0.55-8.91)
HER2 positive 1.83 (0.42-7.92)
Triple-negative 0.62 (0.33-1.17)

Surgery time interval (day)

< 4 0.211 1 (
! 4 0.67 (0.36-1.25)

CNB-LPBC status

nLPBC 0.969 1 (
LPBC 0.00 (0.00-8.85279)

LPBC change pattern

nLPBC!nLPBC, LPBC!LPBC, or LPBC!nLPBC 0.035 1 (
nLPBC!LPBC 2.19 (1.06-4.53)

Pathological data is based on surgery removed sample if not specified. BCFI, breast cancer-free interval; CI, confidence 
interval; NA, not available; HER2, human epidermal growth factor receptor 2; CNB, core needle biopsy; LPBC, lymphocyte-
predominant breast cancer; nLPBC, non-lymphocyte-predominant breast cancer. 

Table 4. Multivariate survival analysis of BCFI
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than patients with other LPBC change patterns, especially in
HER2+ patients. This result was quite different from the
common view that TILs increase is related with better sur-
vival [14,16,18], although the related studies were mainly
conducted in TNBC. In HER2+ tumor, a recent study showed
spatial heterogeneity of lymphocytic infiltrate was associated
with poor prognosis [30], which is similar with our study.
The difference of LPBC status between CNB and SRS may
reflect strong regional segregation of immune cells and its
association with poor prognosis may indicate dysfunctional
immune infiltrate. These results indicated that when we do
research about the clinical significance of TILs change during
NAT, we need to take account of the difference of TILs bet-
ween CNB sample and the whole tumor at the time of
biopsy.

There were several limitations of this study. The sample
size was too small especially when we analyze patients in
different subgroups. In addition, it was a retrospective study,
the treatments of patients were not standardized, which may
affect the result of survival analysis. At last, we only ana-
lyzed total TILs without analyzing TILs subsets and were
lack of mechanism study. Our next step is to enlarge the sam-
ple size and initiate a prospective cohort to validate our 
results, to figure out the detailed composition of TILs subsets
and the changes of gene profiles to study the underlying
mechanism.

In summary, our study demonstrated that for patients who

received CNB before surgery, TILs were significantly higher
in SRS than in CNB. !TILs were associated with younger age
and long STI. Patients who change from nLPBC to LPBC
after CNB tend to have the worst BCFI among the study pop-
ulation, which warrants further validation and further mech-
anism studies.

Conflicts of Interest

Conflict of interest relevant to this article was not reported.

Acknowledgments

This research was supported by the Grants from National Natural
Science Foundation of China (grant number: 81472462, 81772797);
Medical Guidance Foundation of Shanghai Municipal Science and
Technology Commission (grant number: 15411966400); Joint 
Research Project of the Emerging Cutting-edge Technology of
Shanghai Shen-kang Hospital Development Center (grant number:
SHDC12014103); Technology Innovation Act Plan of Shanghai 
Municipal Science and Technology Commission (grant number:
15411952500, 15411952501). The funding source had no role in the
design of this study and will not have any role during its execution,
analyses, interpretation of the data, writing assistance, or decision
to submit results. The authors thank the patients and the investiga-
tors who participated in this study. 

1. Lee HJ, Seo JY, Ahn JH, Ahn SH, Gong G. Tumor-associated
lymphocytes predict response to neoadjuvant chemotherapy
in breast cancer patients. J Breast Cancer. 2013;16:32-9.

2. Loi S, Michiels S, Salgado R, Sirtaine N, Jose V, Fumagalli D,
et al. Tumor infiltrating lymphocytes are prognostic in triple
negative breast cancer and predictive for trastuzumab benefit
in early breast cancer: results from the FinHER trial. Ann
Oncol. 2014;25:1544-50.

3. Adams S, Gray RJ, Demaria S, Goldstein L, Perez EA, Shulman
LN, et al. Prognostic value of tumor-infiltrating lymphocytes
in triple-negative breast cancers from two phase III random-
ized adjuvant breast cancer trials: ECOG 2197 and ECOG 1199.
J Clin Oncol. 2014;32:2959-66.

4. Loi S, Sirtaine N, Piette F, Salgado R, Viale G, Van Eenoo F, et
al. Prognostic and predictive value of tumor-infiltrating lym-
phocytes in a phase III randomized adjuvant breast cancer trial
in node-positive breast cancer comparing the addition of 
docetaxel to doxorubicin with doxorubicin-based chemother-
apy: BIG 02-98. J Clin Oncol. 2013;31:860-7.

5. Pruneri G, Vingiani A, Bagnardi V, Rotmensz N, De Rose A,

Palazzo A, et al. Clinical validity of tumor-infiltrating lympho-
cytes analysis in patients with triple-negative breast cancer.
Ann Oncol. 2016;27:249-56.

6. Denkert C, Loibl S, Noske A, Roller M, Muller BM, Komor M,
et al. Tumor-associated lymphocytes as an independent pre-
dictor of response to neoadjuvant chemotherapy in breast can-
cer. J Clin Oncol. 2010;28:105-13.

7. Denkert C, von Minckwitz G, Brase JC, Sinn BV, Gade S, Kro-
nenwett R, et al. Tumor-infiltrating lymphocytes and response
to neoadjuvant chemotherapy with or without carboplatin in
human epidermal growth factor receptor 2-positive and triple-
negative primary breast cancers. J Clin Oncol. 2015;33:983-91.

8. Salgado R, Denkert C, Campbell C, Savas P, Nuciforo P, Aura
C, et al. Tumor-infiltrating lymphocytes and associations with
pathological complete response and event-free survival in
HER2-positive early-stage breast cancer treated with lapatinib
and trastuzumab: a secondary analysis of the NeoALTTO
Trial. JAMA Oncol. 2015;1:448-54.

9. Ingold Heppner B, Untch M, Denkert C, Pfitzner BM, Lederer
B, Schmitt W, et al. Tumor-infiltrating lymphocytes: a predic-

References

VOLUME 51 NUMBER 4 OCTOBER 2019 1345

Jiahui Huang, Changes of Tumor Infiltrating Lymphocytes 



tive and prognostic biomarker in neoadjuvant-treated HER2-
positive breast cancer. Clin Cancer Res. 2016;22:5747-54.

10. Salgado R, Denkert C, Demaria S, Sirtaine N, Klauschen F,
Pruneri G, et al. The evaluation of tumor-infiltrating lympho-
cytes (TILs) in breast cancer: recommendations by an Interna-
tional TILs Working Group 2014. Ann Oncol. 2015;26:259-71.

11. Denkert C, Wienert S, Poterie A, Loibl S, Budczies J, Badve S,
et al. Standardized evaluation of tumor-infiltrating lympho-
cytes in breast cancer: results of the ring studies of the inter-
national immuno-oncology biomarker working group. Mod
Pathol. 2016;29:1155-64.

12. Dowsett M, Smith IE, Ebbs SR, Dixon JM, Skene A, A'Hern R,
et al. Prognostic value of Ki67 expression after short-term
presurgical endocrine therapy for primary breast cancer. J Natl
Cancer Inst. 2007;99:167-70.

13. von Minckwitz G, Schmitt WD, Loibl S, Muller BM, Blohmer
JU, Sinn BV, et al. Ki67 measured after neoadjuvant chemo-
therapy for primary breast cancer. Clin Cancer Res. 2013;19:
4521-31.

14. Dieci MV, Criscitiello C, Goubar A, Viale G, Conte P, Guarneri
V, et al. Prognostic value of tumor-infiltrating lymphocytes on
residual disease after primary chemotherapy for triple-nega-
tive breast cancer: a retrospective multicenter study. Ann
Oncol. 2014;25:611-8.

15. Hamy AS, Pierga JY, Sabaila A, Laas E, Bonsang-Kitzis H, Lau-
rent C, et al. Stromal lymphocyte infiltration after neoadjuvant
chemotherapy is associated with aggressive residual disease
and lower disease-free survival in HER2-positive breast can-
cer. Ann Oncol. 2017;28:2233-40.

16. Garcia-Martinez E, Gil GL, Benito AC, Gonzalez-Billalabeitia
E, Conesa MA, Garcia Garcia T, et al. Tumor-infiltrating 
immune cell profiles and their change after neoadjuvant che-
motherapy predict response and prognosis of breast cancer.
Breast Cancer Res. 2014;16:488.

17. Watanabe T, Hida AI, Inoue N, Imamura M, Fujimoto Y,
Akazawa K, et al. Abundant tumor infiltrating lymphocytes
after primary systemic chemotherapy predicts poor prognosis
in estrogen receptor-positive/HER2-negative breast cancers.
Breast Cancer Res Treat. 2018;168:135-45.

18. Miyashita M, Sasano H, Tamaki K, Hirakawa H, Takahashi Y,
Nakagawa S, et al. Prognostic significance of tumor-infiltrating
CD8+ and FOXP3+ lymphocytes in residual tumors and alter-
ations in these parameters after neoadjuvant chemotherapy in
triple-negative breast cancer: a retrospective multicenter

study. Breast Cancer Res. 2015;17:124.
19. Arnedos M, Nerurkar A, Osin P, A'Hern R, Smith IE, Dowsett

M. Discordance between core needle biopsy (CNB) and exci-
sional biopsy (EB) for estrogen receptor (ER), progesterone 
receptor (PgR) and HER2 status in early breast cancer (EBC).
Ann Oncol. 2009;20:1948-52.

20. Chen X, Zhu S, Fei X, Garfield DH, Wu J, Huang O, et al. Sur-
gery time interval and molecular subtype may influence Ki67
change after core needle biopsy in breast cancer patients. BMC
Cancer. 2015;15:822.

21. Mann GB, Fahey VD, Feleppa F, Buchanan MR. Reliance on
hormone receptor assays of surgical specimens may compro-
mise outcome in patients with breast cancer. J Clin Oncol.
2005;23:5148-54.

22. Karn T, Metzler D, Ruckhaberle E, Hanker L, Gatje R, Solbach
C, et al. Data-driven derivation of cutoffs from a pool of 3,030
Affymetrix arrays to stratify distinct clinical types of breast
cancer. Breast Cancer Res Treat. 2010;120:567-79.

23. Tagliabue E, Agresti R, Carcangiu ML, Ghirelli C, Morelli D,
Campiglio M, et al. Role of HER2 in wound-induced breast
carcinoma proliferation. Lancet. 2003;362:527-33.

24. Goldhirsch A, Winer EP, Coates AS, Gelber RD, Piccart-Geb-
hart M, Thurlimann B, et al. Personalizing the treatment of
women with early breast cancer: highlights of the St Gallen 
International Expert Consensus on the Primary Therapy of
Early Breast Cancer 2013. Ann Oncol. 2013;24:2206-23.

25. Jeselsohn RM, Werner L, Regan MM, Fatima A, Gilmore L,
Collins LC, et al. Digital quantification of gene expression in
sequential breast cancer biopsies reveals activation of an 
immune response. PLoS One. 2013;8:e64225.

26. Mathenge EG, Dean CA, Clements D, Vaghar-Kashani A, Pho-
topoulos S, Coyle KM, et al. Core needle biopsy of breast can-
cer tumors increases distant metastases in a mouse model.
Neoplasia. 2014;16:950-60.

27. Vaupel P, Mayer A. Tumor oxygenation status: facts and fal-
lacies. Adv Exp Med Biol. 2017;977:91-9.

28. Globerson A, Effros RB. Ageing of lymphocytes and lympho-
cytes in the aged. Immunol Today. 2000;21:515-21.

29. Mao Y, Qu Q, Chen X, Huang O, Wu J, Shen K. The prognostic
value of tumor-infiltrating lymphocytes in breast cancer: a sys-
tematic review and meta-analysis. PLoS One. 2016;11:e0152500.

30. Khan AM, Yuan Y. Biopsy variability of lymphocytic infiltra-
tion in breast cancer subtypes and the ImmunoSkew score. Sci
Rep. 2016;6:36231.

1346 CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2019;51(4):1336-1346



1347│ 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(4):1347-1356

pISSN 1598-2998, eISSN 2005-9256

https://doi.org/10.4143/crt.2018.477

Open Access
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Purpose
Conditional survival estimates (CSE) can provide additional useful prognostic information
on the period of survival after diagnosis, which helps in counseling patients with cancer on
their individual prognoses. This study aimed to analyze conditional survival (CS) for hepato-
cellular carcinoma (HCC) using a Korean national registry.

Materials and Methods
Patients with HCC, registered in the Korean cancer registry database, were retrospectively
reviewed. Overall survival (OS) was calculated using the Kaplan-Meier method. The 1-year
CS at X year or month after diagnosis were calculated as CS1=OS(X+1)/OS(X). CS calculations
were performed in each Barcelona Clinic Liver Cancer stage, after which patients at stage
0, A, and B underwent subgroup analysis using initial treatment methods. 

Results
A total of 4,063 patients diagnosed with HCC from January 2008 to December 2010, and
2,721 who were diagnosed from January 2011 to December 2012, were separately 
reviewed. In 2008-2010, the 1-year CS of 1, 2, 3, 4, and 5-year survivors was 82.9%, 85.1%,
88.3%, 88.0%, and 88.6%, respectively. Patients demonstrated an increase in CSE over
time in subgroup analysis, especially in the advanced stages. In 2011-2012, the 1-year CS
of 6, 12, 18, 24, 30, and 36 months was 81.5%, 83.8%, 85.3%, 85.5%, 86.5%, and 88.8%,
respectively. The subgroup analysis showed the same tendency towards increased CSE in
the advanced stages.

Conclusion
Overall, the CS improved with each additional year after diagnosis in both groups. CSE may
therefore provide a more accurate prognosis and hopeful message to patients who are sur-
viving with or after treatment.

Key words
Carcinoma, Hepatocellular, Conditional survival estimate, Survival, 
Prognosis, Demographic, Republic of Korea
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Introduction

Hepatocellular carcinoma (HCC) is a common type cancer
and the second most common cause of cancer-related mor-
tality worldwide [1]; it is a significant health issue in Korea
[2]. Although the incidence of HCC has been declining and
the 5-year survival rate has been improving recently in
Korea, in most patients, HCC is still diagnosed in the advan-

ced stage, with extensive tumor burden, vascular invasion,
extrahepatic spread, or decompensated liver function; such
heterogeneous characteristics can affect treatment decisions
and patient survival [3]. In the national randomized registra-
tion report for 2003-2005, the 5-year survival rate of Korean
HCC patients in the modified Union for International Cancer
Control stage I was 52% and 36% in stage II, but only 15% in
stage III, sharply decreasing to 6% in stages IV-A and IV-B
each [2].



Overall survival (OS), measured from the time of diagno-
sis, is a traditional and well-established method to predict
the long-term prognosis of disease [4,5]. However, OS is a
relatively static concept and does not reflect the impact of
changing variables. For instance, preservation of liver func-
tion in patients cured through resection or transarterial ther-
apies is different in each person. The concept of conditional
survival estimates (CSE) applies this heterogeneous and
changeable patient status and determines the probability that
a patient who has survived for a designated period will be
alive at another fixed interval [6-8]. CSE is a simple diagram
that can predict individual risk over a specified period of
time and more accurate prognosis in a group of patients who
are at high risk of death at the beginning of the diagnosis 
[9-12]. Such dynamic prognostic information could help cli-
nicians to provide education, surveillance, management
strategies, and life-changing decisions according to individ-
ual survival characteristics [13].

Till date, the CSE analyses for HCC were limited to spo-
radic single-center reports for patients in early stages of HCC
who had undergone curative treatment [14,15], or those in
advanced stages who had undergone transarterial therapies
[16]. The present study aimed to (1) analyze the large cohort
of HCC patients that was obtained from the Korea cancer

registry database, (2) compare OS and conditional survival
(CS) for HCC patients, and (3) identify CSE according to the
Barcelona Clinic Liver Cancer (BCLC) staging system, which
reflects the patient’s performance status, tumor burden, and
liver function [17].

Materials and Methods

1. Study design

The Ministry of Health and Welfare, South Korea initiated
a nationwide cancer registry in 1980, called the Korea Central
Cancer Registry (KCCR). The C22.0 coding system, which is
based on the International Classification of Disease 10th edi-
tion (ICD-10), was used to abstract HCC patients from the
KCCR registry. The National Cancer Center and Korean
Liver Cancer Study group studied two periods, from January
2008 to December 2010 and from January 2011 to December
2012, in the KCCR database using the random sample audit
method.

A total of 4,597 patients were diagnosed as having HCC

Cancer Res Treat. 2019;51(4):1347-1356

Cohort A (n=4,063) Cohort B (n=2,721)

1. Performing CSE with subgrouping by BCLC stages
2. Comparing CSE of each BCLC stage 0, A, B with initial treatment

Patients 
excluded (n=398)

Patients 
excluded (n=534)

Korea Cancer Center
Registry (KCCR)

Abstracting patients with HCC
(C22.0 code) using ICD-10 system

+
inspecting two periods

using the random sample audit method

Patients diagnosed as HCC from 
January 2008 to December 2010 

followed up to December 2013 (n=4,597)

Patients diagnosed as HCC from 
January 2011 to December 2012 

followed up to December 2014 (n=3,119)

Exclusion criteria
  < 20 years old
  Survived less than 1 month
  Histologically diagnosed with other disease
  Without listing BCLC stage
  Without listing initial treatment of HCC

Fig. 1. Flow of selection of the study population. HCC, hepatocellular carcinoma; ICD-10, International Classification of
Disease 10th edition; BCLC, Barcelona Clinic Liver Cancer; CSE, conditional survival estimate(s).
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from January 2008 to December 2010 and were followed up
until December 2013 in the Korean cancer registry database.
We excluded 534 patients who (1) were younger than 20
years, (2) survived less than 1 month from the date of diag-
nosis, (3) were finally diagnosed with other diseases such as
neuroendocrine carcinoma, metastatic carcinoma, cholangio-
carcinoma or sarcoma by pathology, (4) did not have the
BCLC stage listed, (5) had no record of the initial treatment
of HCC, or (6) lacked the important clinical or laboratory 
parameters explained below. The remaining 4,063 patients
were referred to as cohort A. For the period from January
2011 to December 2012 and follow-up to December 2014,
3,119 patients were reviewed. Among these, 398 patients
were excluded using the same criteria, and the remaining
2,721 patients were referred to as cohort B. Cohorts A and B
were reviewed separately in this study (Fig. 1).

The primary endpoint was performing CSE with second-
ary subgroup analysis according to the BCLC stages, and sec-
ondary endpoint was comparing CSE of each of the BCLC
stages 0, A, and B, with subgroup analysis according to initial
treatment methods. 

2. Data collection

Clinical parameters included age, sex, presence of chronic
illness such as hypertension or diabetes mellitus, suspected
etiologies of HCC such as viral hepatitis or heavy alcohol 
intake, ascites, hepatic encephalopathy (HEP), number and
maximum size of tumors, presence of portal vein invasion
and metastasis to regional lymph node or distant organ,
Child-Pugh score and classification, model for end-stage
liver disease (MELD) score, BCLC stages at the time of initial
diagnosis, and initial treatment methods. Ascites was re-clas-
sified into “controlled” and “uncontrolled” (grade 2-3) [18],
and HEP was re-classified into “mild” (grade 1-2) and 
“severe” (grade 3-4) according to the West-Haven criteria
[19]. Laboratory parameters included platelet level, serum
sodium, albumin, total bilirubin, creatinine, alanine amino-
transferase, international normalized ratio (INR), and !-feto-
protein. The Child-Pugh score was assessed according to the
standard criteria [20]. MELD score were calculated according
to the Malinchoc formula: R=9.57!ln(creatinine [mg/dL])+
3.78!ln(bilirubin [mg/dL])+11.2!ln(INR)+6.43!(etiology: 0
if cholestatic or alcoholic, 1 otherwise) [21]. Other clinical or
laboratory parameters were excluded due to insufficient
medical record.

3. Treatment methods

Patients diagnosed with HCC underwent various initial
treatments, including surgical resection, liver transplantation
(LT), local ablation, transarterial therapy, systemic chemo-

therapy (CTx), and radiation therapy (RTx). Local ablation
therapy included radiofrequency ablation (RFA), alcohol 
injection, and other local ablation such as cryoablation. Tran-
sarterial therapy included transarterial chemoembolization
(TACE) with gelatin sponge (gelform), transarterial chemoli-
piodolizaiton (without gelform), TACE with beads, yttrium-
90 radioembolization, and transarterial chemoinfusion via
catheter or intraarterial chemoport. Systemic CTx included
sorafenib and other systemic CTx. Some patients did not 
undergo any treatments.

4. Statistical analysis

Student t test, Mann-Whitney test, chi-square test, or Kappa
statistics were used for comparing variables and calculating
p-values as appropriate. The OS was computed from the day
treatment began until the most recent follow-up or death.
Survival time and rate were estimated using the Kaplan-
Meier method, and differences between groups were assessed
using the log-rank test. Cox proportional hazard ratios were
calculated to test the association between the clinical param-
eters and OS. All variables found to be significant in the uni-
variate analysis were included in the Cox multivariate ana-
lysis. Statistical analyses were conducted using the IBM SPSS
Statistics software, ver. 23.0.0.0 (IBM Corp., Armonk, NY),
and a two-sided p-value of < 0.05 was considered significant.

CS estimates can be calculated from traditional Kaplan-
Meier and actuarial life table survival data. The mathematical
definition of CS is expressed as follows: CS(y|x) is the prob-
ability of surviving for an additional y years or months, given
that the patient has already survived x years or months. If S(t)
is assumed to be the traditional actuarial survival at time t;
CS can be calculated as: CS(y|x)=S(x+y)/S(x). For example,
to determine the 1-year CSE for a patient who has already
survived 2 years, we simply divide the survival estimate at
t=1+2 by the survival at t=2:CS(1|2)=S(5)/S(2).

Cumulative CS calculations were performed with second-
ary subgroup analyses using BCLC stages. Then, additional
subgroup analyses were performed for the patients in stages
0, A, and B using the initial treatment methods.

5. Ethical statement

This study was performed in accordance with the ethical
guidelines of the 1975 Declaration of Helsinki and was 
approved by the institutional review board of Yonsei Uni-
versity Health System (IRB No. 4-2014-1088). The need for
written informed consent was waived because of the retro-
spective nature.
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Results

1. Patient characteristics

A total of 4,063 patients in cohort A and 2,721 in cohort B

were separately reviewed. The demographics and clinical

characteristics of each group are summarized in Table 1 and

S1 Table.

In Cohort A, during the median follow-up of 33.0 months

(interquartile range [IQR], 7.3 to 50.5), 2,436 patients died,

with a median OS of 10.5 months (IQR, 3.7 to 25.8). The 

median age was 59.0 years (IQR, 51.0 to 68.0), higher with

the mortality (60.0 years; IQR, 52.0 to 69.0; p < 0.001). Male

sex was predominant (77.4%), and chronic hepatitis B was

more frequent than other etiologies (60.7%). Patients with

mortality tended to show further progression in the BCLC

staging system. In cohort B, the median follow-up period

was 27.8 months (IQR, 9.7 to 36.6) shorter than that in cohort

A. The median OS of 1,294 patients with mortality was 8.8

months (IQR, 3.6 to 19.8). Several parameters showed the

same tendency as those seen in cohort A. Although some 
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Table 1.  Baseline characteristics of patients in cohort A (diagnosed in 2008-2010) and cohort B (diagnosed in 2011-2012)

Variables are presented as median (interquartile range) or number (%). LN, lymph node; ALT, aminotransferase; INR, inter-

national normalized ratio; MELD, model for end-stage liver disease; BCLC, Barcelona-clinic liver cancer. a)Student t test,

Mann-Whitney test, chi-square test, or Kappa statistics were used for calculating p-values as appropriate.

Variable Cohort A (n=4,063) Cohort B (n=2,721) p-valuea)

Age (yr) 59.0 (51.0-68.0) 60.0 (52.0-69.0) < 0.001

Male sex 3,144 (77.4) 2,202 (80.9) < 0.001

Body mass index (kg/m2) 23.7 (21.7-25.8) 23.6 (21.6-25.9) 0.824

Hypertension 1,218 (30.0) 887 (32.6) 0.027

Diabetes mellitus 937 (23.1) 632 (23.2) 0.910

Viral etiology 2,962 (72.9) 1,990 (73.1) 0.326

Heavy alcohol intake 1,231 (30.3) 842 (30.9) 0.876

Ascites 889 (21.9) 591 (21.7) 0.968

Hepatic encephalopathy 89 (2.2) 57 (2.1) 0.675

Multiple tumors 1,528 (37.6) 1,009 (37.1) 0.686

Above triple tumors 942 (23.2) 618 (22.7) 0.668

Maximum tumor diameter (cm) 0.858

> 3 2,217 (54.6) 1,468 (54.0) 0.595

Portal vein invasion 905 (22.3) 554 (20.4) 0.060

Regional LN metastasis 263 (6.5) 167 (6.1) 0.578

Distant metastasis 350 (8.6) 236 (8.7) 0.932

Platelet (!109/L) 136 (92-197) 141 (96-194) 0.430

Serum sodium (mmol/L) 139 (137-141) 139 (137-141) 0.173

ALT (IU/L) 37.0 (24.0-59.0) 35.0 (23.0-55.0) < 0.001

Albumin (g/L) 3.8 (3.3-4.2) 3.9 (3.3-4.2) < 0.001

Total bilirubin (IU/L) 0.99 (0.70-1.50) 0.90 (0.62-1.40) 0.001

Serum creatinine (IU/L) 0.90 (0.75-1.00) 0.87 (0.72-1.00) 0.101

Prothrombin time (INR) 1.11 (1.04-1.22) 1.10 (1.03-1.19) < 0.001

!-Fetoprotein (ng/mL) 41.3 (6.9-625.8) 29.6 (6.3-483.0) 0.680

Child-Pugh class 0.076

B (7-9) 912 (22.4) 569 (20.9) -

C (10-15) 156 (3.8) 88 (3.2) -

MELD 9.00 (7.00-11.00) 8.00 (7.00-10.00) < 0.001

BCLC stage 0.006

Stage A 1,730 (42.6) 1,118 (41.1) -

Stage B 441 (10.9) 319 (11.7) -

Stage C 1,348 (33.2) 870 (32.0) -

Stage D 202 (5.0) 118 (4.3) -
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parameters showed significant differences between two 
cohorts, the mean or median of the parameters was almost
similar.

2. Independent predictor of mortality

In univariate analysis, almost all variables were signifi-
cantly associated with mortality (S2 Table), except the vari-
ables such as hypertension and diabetes mellitus. In the
multivariate analysis (S3 Table), some variables at baseline
were significantly associated with mortality in both cohorts:
age, body mass index, ascites, multiple tumors, maximum
tumor diameter above 3 cm, portal vein invasion, distant
metastasis, serum albumin, prothrombin time, and MELD
score. However, the multivariate analysis contained many
missing values, 987 (24.3%) in cohort A and 476 (12.5%) in
cohort B, respectively.

3. OS and CSE for overall patients

The cumulative survival rates of each BCLC stage, calcu-
lated using Kaplan-Meier analysis, are summarized in Table
2 and Fig. 2. Because of the relatively short follow-up period
of the cohorts, we calculated only 1-year CSE, at 1-year 
intervals in cohort A and 6-month intervals in cohort B.

In cohort A, the OS for overall patients at the time of 1-, 2-,
3-, 4-, 5-, and 6-year survival were 68.3%, 56.6%, 48.2%,
42.5%, 37.4%, and 33.2%, respectively. The 1-year CSE for 1-,
2-, 3-, 4-, and 5-year survivors was 82.9%, 85.1%, 88.3%,
88.0%, and 88.6%, respectively; as is noted, the CSE tended
to increase over time (Table 2, Fig. 3A). In cohort B, the over-
all OS for 1, 2, 3, and 4 years were 72.4%, 60.7%, 51.9%, and
46.1%, respectively. The 1-year CSE for 6, 12, 18, 24, 30, and
36 months were 81.5%, 83.8%, 85.3%, 85.5%, 86.5%, and 88.8%;
this index also showed a tendency increase (Table 2, Fig. 3B).
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Fig. 3.  One-year conditional survival estimates of overall patients and each Barcelona Clinic Liver Cancer (BCLC) stage in
cohort A diagnosed in 2008-2010 (A) and cohort B diagnosed in 2011-2012 (B). "X" yr or "X" mo, 1-year conditional survival
estimates at the time of "X"-year or "X"-month survival.
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4. CSE analyses for each BCLC stage

The OS and 1-year CSE of each BCLC stage were provided
in Table 2 and Fig. 3. Because of a relatively high OS for the
initial 2 years of BCLC stage 0 and A, the initial CSE of the
early stages tended to nearly plateau or even slightly decrea-
sed over time in cohort A. The mortality rates of BCLC stage
C and D were relatively high. The CSE of the advanced
stages tended to increase over time, except a decrease or
blank at the time of 4- and 5-year survival, which was sus-
pected to be caused by the high rate of mortality or failure to
follow-up (Table 2, Fig. 3A). Cohort B also showed nearly
same tendency in CSE as did cohort A, plateauing in the
early stages and increasing over time in the advanced stages
(Table 2, Fig. 3B). The CSE of BCLC stage B was different be-
tween the cohorts, tending to increase in cohort A, but de-
creasing slightly in cohort B.

5. CSE analyses for each subgroup of BCLC stage using ini-

tial treatment methods

The survival analyses of the subgroups using initial treat-
ment methods were performed in each BCLC stage. Fig. 4
and S4 Table demonstrate the OS and CSE of the patients in
cohort A treated with different methods in BCLC stages 0,
A, and B. Increasing tendencies of CSE were shown in pati-
ents who underwent surgical therapy in the early stages and
transarterial therapies in the intermediate stage (Fig. 4). In
Cohort B (Fig. 5, S5 Table), the increasing tendency was not
definitely shown in each subgroup. However, increasing CSE
at the time of the last 3-year survival is seen in patients who
underwent surgery and local ablation in the early stages and
transarterial therapies in the intermediate stage.

6. CSE analyses for each initial treatment modality and

cause of HCC

The OS and 1-year CSE of each initial treatment modality
were provided in S6 Table. Only the patients (n=1,959, 48.2%)
who treated using transarterial methods showed the increas-
ing tendency of 1-year CSE.

For etiologies of HCC, chronic hepatitis B, hepatitis C and
heavy alcohol intake, the CSE analyses were summarized as
S7 Table. For patients with hepatitis B virus, the absolute
value of CSE was higher than patients without hepatitis B
virus; however, the increase in CSE was not significantly dif-
ferent in both cohorts. The result for heavy alcoholics was 
inversely related to the result for chronic hepatitis B. Patients
with heavy alcohol intake showed consistently low 1-year
CSE during the follow-up periods in the two cohorts. About
chronic hepatitis C, there were no any significant findings.

Discussion

In the present study, both cohorts showed a tendency to
increase in the CSE for overall HCC patients, and a greater
increase in the CSE in the advanced stages, in spite of the

Jae Seung Lee, Conditional Survival Estimate of Liver Cancer

Fig. 4.  One-year conditional survival estimates of each
Barcelona Clinic Liver Cancer (BCLC) subgroup using ini-
tial treatment methods in cohort A, in BCLC 0 (A), BCLC
A (B), and BCLC B (C). "X" yr, 1-year conditional survival
estimates at the time of "X"-year survival.
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high initial mortality. In contrast, CS was minimally changed
or even decreased in the early stages. The excess mortality
seen in the early stage was minimal during the follow-up 
period; therefore, the CSE in the early stages would have
been significantly affected by less mortality. The CSE in 

advanced stages were similar at the same time compared
with those in early stages, even though the OS was shorter.
Thus, when the initial treatment response of patients with
HCC in the advanced stage is good, the prognosis can be 
expected to be similar to that in the early stages. This overall
pattern of the stage-specific CSE was similar to that seen in
population-based studies of several other cancers [22-24]. 

We classified patients with initial treatment method after
classification with the BCLC stage, because the BCLC stage
is determined according to the characteristics of each patients
and tumor heterogeneity at the time of diagnosis and pro-
vides the recommended initial therapy based on the stage
[18]. In general, patients with BCLC stage 0, A, and B undergo
treatment with curative aims, such as surgical resection, LT,
local ablation, localized transarterial therapy, or radiation. In
the subgroup analysis using the initial treatment methods in
each BCLC stage, the CSE tended to increase when the rec-
ommended therapy was performed initially, suggesting the
effectiveness of these treatment methods. However, this
analysis may not be completely accurate, since the long-term
analyses or analyses of the cases of multiple or concurrent
treatment were lacking in this study. The CSE analyses for
each initial treatment modality alone were also done addi-
tionally; however, the results may not be very significant 
because the treatment modality could be affected by the 
patients’ disease status.

In BCLC stage B, the two cohorts showed difference ten-
dencies in CSE. The intermediate and advanced stages 
include a much wider spectrum of disease and patient per-
formance. This increases the range of possible therapies due
to different treatment options, aggressiveness of treatment,
patient tolerance, and varying goals of treatment [25,26].
These can be considered as a limitation of the BCLC staging
system, with difficulty in reflecting the dynamic changes in
the variables; this might have caused the heterogeneity of
CSE analysis seen in this study. Many experts suggested fur-
ther sub-classification of the intermediate stage to overcome
this heterogeneity and provide proper management to indi-
viduals [27-30]. However, the effect of dynamic change of the
individual variables is too difficult to measure and predict
with the initial staging protocols.

Cucchetti et al. [15] investigated CS for cirrhotic patients
in Italy after hepatic resection for HCC. They presented 5-year
CS on various baseline characteristics, but the impact of these
baseline variables influencing the survival is not linear over
time after hepatic resection. The influence of conventional
tumor features such as tumor stage, differentiation degree,
and vascular invasion was seen only for the first 2 years. 
Especially, patients with preserved liver function could 
undergo secondary hepatectomy for recurrent tumor, and
CS for these performed secondary surgery tended to increase.

Facciorusso et al. [14] also analyzed long term CS for HCC 

Cancer Res Treat. 2019;51(4):1347-1356

Fig. 5.  One-year conditional survival estimates of each
Barcelona Clinic Liver Cancer (BCLC) subgroup using ini-
tial treatment methods in cohort B, in BCLC 0 (A), BCLC
A (B), and BCLC B (C). "X" yr or "X" mo, 1-year conditional
survival estimates at the time of "X"-year or "X"-month sur-
vival.
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patients performed RFA. In this study, the 5-year CS was 
decreased significantly after the third-year follow-up. Because
RFA was often used as an alternative method in patients 
unable to undergo liver resection, the influence of the evolu-
tionary liver function and the clinical parameters of each 
patient would more significantly affect the long-term prog-
nosis. These studies suggested that the dynamic changes in
the clinical course should be considered when predicting the
prognosis of patients with HCC, and the concept of CSE
would provide a useful mechanism to prevent static time-
of-diagnosis risk assessment as a fixed predictive moment.

Another 2-year CS analysis in BCLC B and C using hepatic
arterial infusion chemotherapy (HAIC) with concurrent RTx
(CRT) was carried out in a single tertiary center [16]. In this
study, underlying liver function was seen to have a constant
effect on CS over time. The analysis showed increasing OS
and CS over time in the intermediate and advanced stages;
thus, they concluded that HAIC with CRT could be a hopeful
option for patients, even in advanced stages. Similarly, CS
may enable clinicians to evaluate the consistency of the prog-
nosis to more accurately determine the specific therapy 
required.

Clinicians may, for example, use CS data in an effort to 
institute data-driven optimization of post-therapy surveil-
lance. For instance, many physicians minimize follow-up
surveillance after 3-5 years, often with little justification
based on survival data. Additionally, CS has utility as another
mechanism to detect differentials in population survival pat-
terns. The present study can provide a database based on
large-scale research, meaning that it can be used to predict
the future prognosis based on the information that a partic-
ular patient has at a certain point in time. It is important that
the rise of CSEs ensures that subsequent prognosis can be
better if the survival of patients to a certain point in time is
successful. Additionally, CS may force the physician to 
remember that the risk of death changes as a patient survives
for more time from the diagnosis.

There are several limitations in the present study. First, 
despite enrolling a large number of patients from a national
database, there were insufficient or lacking clinical data for
evaluation of other variables such as performance status 

because of retrospective design; therefore, the application of
other advanced sub-staging systems or additional CSE 
according to the concurrent therapies were not available. Sec-
ond, the follow-up duration was not long enough to confirm
the long-term data regarding CS tendency. A larger cohort
or prospective survival data with sufficient follow-up would
lead to a more accurate CSE, and may provide more helpful
clinical information. Third, this study did not analyze
changes in patient quality of life, socio-economic status, or
disease characteristics and how these affect survival.

In conclusion, the prognosis for overall HCC survivors 
improves with each additional year or month after initial 
diagnosis. Quantitative insight into conditional survival may
be useful for clinicians to help plan optimal cancer surveil-
lance. Patients who are at more advanced stages in particu-
lar, can feel encouraged by their improving prognosis with
every year survived. CS can be a useful tool to predict sur-
vival for HCC patients and provide them with more relevant
and meaningful information concerning the change in their
prognosis over time.
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Surveillance Rate and its Impact on Survival of 
Hepatocellular Carcinoma Patients in South Korea: A Cohort Study
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Purpose
Though regular surveillance of hepatocellular carcinoma (HCC) for high-risk patients is widely
recommended, its rate and effectiveness are not clear. The aim of this study is to investigate
the actual rate of HCC surveillance and its related factors and to clarify its impact on survival
in a Korean HCC cohort.

Materials and Methods
From 2012 to 2015, 319 newly diagnosed HCC patients were prospectively enrolled at a
tertiary hospital. Patient interviews based on a structured questionnaire survey were con-
ducted. Surveillance was defined as liver imaging test ! 2 times with at least 3-month 
interval within 2 years prior to HCC diagnosis.

Results
Surveillance rate was 39.8%. Of the HCC patients with high-risk factors, only 182 (57.1%)
had knowledge for the need for regular surveillance, and 141 (44.2%) had the accurate 
information about the method (ultrasound-based study). Surveillance group showed a higher
proportion of early HCC (p < 0.001) and a longer overall survival (p < 0.001) compared to
non-surveillance group. The multivariable Cox regression analysis indicated Child-Pugh class
A, history of anti-viral therapy, low serum "-fetoprotein level, non-advanced Barcelona Clinic
Liver Cancer stage as independent predictors of overall survival, while regular surveillance
was not (p=0.436).

Conclusion
Less than half of the newly diagnosed Korean HCC patients were under surveillance and
the accurate perception for the need of HCC surveillance was insufficient. Of those under
surveillance, most patients were diagnosed with early stage HCC, which led to the improved
survival. Comprehensive efforts to optimize the surveillance program for the target popula-
tion are warranted.
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Hepatocellular carcinoma, Survival, Surveillance, Liver cirrhosis, 
Screening
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Introduction

Hepatocellular carcinoma (HCC) is a leading cause of can-
cer-related mortality throughout the world, with the sixth
highest cancer incidence and the fourth highest cancer mor-
tality in 2015 [1]. Despite continuous advances in both diag-
nostic and therapeutic modalities for HCC, the prognosis for
HCC patients is still poor because they are often diagnosed

at symptomatic, advanced stages at which the application of
curative treatments such as surgical resection, liver trans-
plantation, or radiofrequency ablation is limited [2]. 

Because almost all HCC cases arise from well-defined
high-risk groups, such as those with cirrhosis of any cause
and chronic hepatitis due to hepatitis B virus (HBV) or hep-
atitis C virus (HCV), a regular surveillance for early HCC 
diagnosis is widely recommended for such patients [3,4].
Though all practice guidelines recommend active HCC sur-
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veillance among high-risk patients, the actual surveillance
rate in the real-life setting is very low in most countries [5].

Moreover, the only randomized trial (conducted in China)
that demonstrated a survival gain from surveillance had sev-
eral methodological problems [6]. Meanwhile, the few cohort
study results that showed survival improvement were weak-
ened or abolished after correction for lead-time bias [7]. The
most recent study on the U.S. Veterans showed a significant
survival gain from surveillance. However, regular surveil-
lance was defined as having more than one imaging study
during the 2 years prior to HCC diagnosis [8]. This did not
align with published guidelines, which recommend ultra-
sonography (US) in 6-month interval in a high HCC risk
group [3,4]. Therefore, the actual impact of HCC surveillance
is not clear due to the considerable heterogeneity of surveil-
lance interval and modalities found in reported studies.

In this study, we aimed to investigate the actual receipt
rate of HCC surveillance and its related factors, and to clarify
its impact on survival in newly diagnosed HCC patients in
South Korea. 

Materials and Methods

1. Study populations

A total of 424 newly diagnosed, consecutively admitted
HCC patients at the medical ward of Seoul National Univer-
sity Bundang Hospital (SNUBH), a tertiary hospital, were
prospectively recruited from March 2012 to December 2015
and followed until December 2016. During this study period,
74 of 424 eligible patients (17.5%) refused to participate in
face-to-face interview. Of 350 enrolled patients, 31 patients
were excluded from this study, because they were not can-
didates for HCC surveillance based on Korean guidelines for
the early HCC detection program. Candidates had to be (1)
! 40 years old with positive hepatitis B surface antigen
(HBsAg) or HCV-RNA and/or (2) present with cirrhosis, 
regardless of age and etiology [9]. The excluded 31 patients
had cryptogenic HCC without cirrhosis (n=16), alcoholic
liver disease-associated HCC without cirrhosis (n=10), non-
alcoholic fatty liver disease!associated HCC without cirrho-
sis (n=3), and HBV-related HCC but younger than 40 (n=2).
Finally, 319 newly diagnosed, untreated HCC patients were
analyzed in the present study. 

Following the Korean Liver Cancer Study Group (KLCSG)
and the National Cancer Center (NCC) guidelines [10],
which are similar to those of European Association of the
Study of the Liver/American Association for the Study of
Liver Diseases, HCC diagnosis was based on histological 

examination or typical radiographic findings. The latter was
defined as arterial enhancement and portal or delayed wash-
out of hepatic nodules on two or more of the following 
imaging studies: dynamic contrast-enhanced computed 
tomography (CT), dynamic contrast-enhanced magnetic res-
onance imaging (MRI), or hepatocyte specific contrast-
enhanced MRI. All portal vein thrombosis (PVT) was con-
firmed as tumor thrombosis by a specialized radiologist and
bland PVT was not included. Cirrhosis diagnosis was based
on clinical signs of portal hypertension, laboratory features
(thrombocytopenia, hypoalbuminemia, and prolonged pro-
thrombin time [PT]), endoscopic and/or US findings sug-
gesting the presence of portal hypertension, and presence of
nodular liver margins at US [11].

Liver disease etiologies were classified as HBV, for patients
positive for HBsAg; HCV, for patients positive for HCV-
RNA; alcohol, for patients whose daily ethanol intake 
exceeded 20 g for women and 60 g for men for more than 10
years in the absence of any other known causes of liver dis-
ease; or as others (cryptogenic, non-alcoholic fatty liver dis-
ease, autoimmune, or genetic liver disease).

2. Questionnaire survey and data collection

Data were collected from face-to-face patient interviews,
based on a structured questionnaire survey on HCC surveil-
lance status (S1 Table). All interviews were overseen by a
physician of the division of Gastroenterology and Hepatol-
ogy. Data included demographics, socioeconomic status 
including educational level, marital status, alcohol consump-
tion, smoking habits, family history of liver disease, and past
medical history. All patients were asked about their percep-
tion of HCC risk and the need for surveillance. For patients
who had taken surveillance within the 2 years prior to HCC
diagnosis, detailed information was obtained about methods,
frequency, interval, and date of the surveillance tests. For
those who had not taken surveillance within 2 years prior to
HCC diagnosis, reason for not receiving regular surveillance
was asked categorically: (1) a lack of knowledge, (2) time-
commitment, (3) limited accessibility, (4) cost, and (5) others.
For validation, data obtained from patients undergoing fol-
low up at SNUBH prior to HCC diagnosis for chronic liver
disease (n=63), were confirmed with patient’s electronic
medical records.

From medical records, laboratory results of HBsAg, HCV-
RNA, and other routine tests including PT, platelet count,
alanine/aspartate transaminase, total bilirubin, albumin, cre-
atinine, and !-fetoprotein (AFP) were obtained. Tumor stag-
ing was assessed in accordance to the modified Union for
International Cancer Control (mUICC) stage proposed by the
Liver Cancer Study Group of Japan [12] and Barcelona Clinic
Liver Cancer (BCLC) stage [13]. Those data were collected in
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a predesigned electronic data recording form. 

3. Definition of surveillance group for HCC

Surveillance group (n=127) was defined as those who had

received adequate liver imaging tests ! 2 times with at least

3-month interval within the 2 years prior to HCC diagnosis.

This group was subdivided into a “surveillance interval

within 6-month” group (more than two regular liver imaging

tests within a 6-month interval before HCC diagnosis accord-

ing to current guidelines [3,4]) and a “surveillance interval

with 6-12 months” group (liver imaging test ! 2 times but 

beyond a 6-month interval). 

Non-surveillance group (n=192) was defined as those who

answered they had not undergone surveillance testing and

had been diagnosed incidentally (first health check-up or

during diagnostic procedures for other diseases) or sympto-

matically. 

4. Treatment, follow-up, and clinical outcome measure-

ments

All patients received appropriate anti-tumor therapy 

according to the attending physician’s decision based on

practice guidelines [10]. All patients were monitored for clin-

ical status, laboratory tests, and liver imaging tests including

US, CT, or MRI at 1 month after initial treatment and then

were followed in 3- to 6-month interval, prospectively. For

those who could not be treated with curative modality, fol-

low-up interval was modified by medical status. Patient sur-

vival status and the cause of death were confirmed by final

medical records or telephone calls to participants or family

members.

5. Statistical analysis

Surveillance status and patient perceptions of HCC sur-

veillance study were recorded descriptively. To compare 

demographic and tumor characteristics between the surveil-

lance and the non-surveillance groups, and between the sur-

veillance interval within 6 months and with 6- to 12-month

groups, categorical variables were evaluated with a standard

chi-square test, and continuous variables were analyzed by

the independent-sample t test. 

Survival of each group was calculated based on the 

Kaplan-Meier method and compared by the log-rank test.

Correction for lead-time bias, which represents improved

survival due to earlier diagnosis, was performed based on a

formula proposed by Duffy et al. [14], assuming an exponen-

tial distribution of the HCC sojourn time.

E(s) is the lead time (days), 1/! is the mean sojourn time,

and t is the time of death after diagnosis of a screen-detected

cancer. The expected additional follow-up duration due to

lead-time was calculated and subtracted from the observed

survival time. The HCC sojourn time was assumed to be 70

or 140 days, according to estimations reported in previous

studies [15]. 

To elucidate independent predictors of overall survival in

patients, Cox regression analysis was carried out with 

adjustment for factors that significantly affected overall sur-

vival in univariable analyses. All statistical evaluations were

performed using SPSS software ver. 22 (IBM Corp., Armonk,

NY). p-value of < 0.05 was considered statistically significant.

6. Ethical statement

The Institutional Review Board (IRB) of SNUBH approved

this study, and informed written consents were obtained

from all patients (IRB No. B-1201/143-002).

Results

1. Surveillance rate for HCC and its related factors

The study cohort was followed for 22.1±15.7 months

(mean±standard deviation [SD]) and 574.2 person-years

(total). Among 319 newly diagnosed HCC patients, 127

(39.8%) underwent HCC surveillance in the 2 years before

the HCC diagnosis with a mean±SD interval of 7.8±4.3

months. “Surveillance interval within 6 months” was per-

formed in 70 patients (21.9%) with a mean±SD interval of

5.1±1.3 months. “Surveillance interval with 6-12 months”

was performed in 57 patients (17.9%) with a mean±SD 

interval of 11.0±4.4 months. Mean number of imaging tests

received during the prior 2 years was 3.1±1.1 (3.7±0.9 and

2.3±0.8 in within 6 months and with 6- to 12-month interval

groups, respectively). Serum AFP measurement was per-

formed in 83 patients (65.4%) combined with an imaging test. 

Comparison of surveillance group and non-surveillance

group was summarized in Table 1. The two groups were

comparable for age, sex, serum bilirubin, creatinine, and PT

(international normalized ratio). However, presence of cir-

rhosis (n=106, 83.5% vs. n=141, 73.4%, p=0.036) and history

of anti-viral therapy (n=89, 70.1% vs. n=91, 47.4%, p < 0.001)

were more frequent in the surveillance group than in the

non-surveillance group. 

E(s) = 1-e
–!t

!
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Table 1.  Comparison of baseline and tumor characteristics according to HCC surveillance status

Variable Surveillance Non-surveillance p-valuea)
(n=127, 39.8%) (n=192, 60.2%)

Age (yr) 60.4±10.8 60.8±11.4 0.780                               
Male sex 101 (79.5) 158 (82.3) 0.536
Follow-up duration (mo) 26.5±15.5 19.2±15.1 < 0.001
ECOG

0/1 113 (98.3) 155 (88.6) 0.002
! 2 2 (1.7) 20 (11.4)

Etiology
HBV 99 (78.0) 133 (69.3) 0.047
HCV 17 (13.4) 19 (9.9)
HBV and HCV 0 ( 2 (1.0)
Alcohol 6 (4.7) 26 (13.5)
Others 5 (3.9) 12 (6.3)

Cirrhosis 106 (83.5) 141 (73.4) 0.036
Anti-viral therapy

HBV 83 (65.4) 89 (46.4) < 0.001
HCV 6 (4.7) 2 (1.0)

Platelet (!103/mm3) 111.0±54.7 162.4±94.6 < 0.001
ALT (IU/L) 37.3±23.3 59.6±54.8 < 0.001
Albumin (g/dL) 3.9±0.5 3.8±0.5 0.036
Bilirubin (mg/dL) 1.1±1.5 1.1±1.5 0.695
PT INR 1.2±0.2 1.3±1.3 0.381
Creatinine (mg/dL) 0.9±0.4 0.9±0.5 0.817
Child-Pugh class

A 112 (88.2) 153 (79.7) 0.047
B/C 15 (11.8) 39 (20.3)

AFP (ng/mL)
" 20 77 (60.6) 74 (38.7) < 0.001
21-400 40 (31.5) 42 (22.0)
> 400 10 (7.9) 75 (39.3)

Type of HCC
Nodular 122 (96.1) 139 (72.4) < 0.001
Infiltrative 5 (3.9) 53 (27.6)

Tumor size (cm) 3.0±2.4 7.0±5.0 < 0.001
Portal vein thrombosis 6 (4.7) 52 (27.1) < 0.001
Extra-hepatic metastasis 3 (2.4) 25 (13.0) 0.001
BCLC stage

0/A 102 (80.3) 81 (42.2) < 0.001
B 14 (11.0) 33 (17.2)
C 11 (8.7) 76 (39.6)
D 0 ( 2 (1.0)

mUICC stage
I 80 (63.0) 54 (28.1) < 0.001
II 28 (22.0) 33 (17.2)
III 16 (12.6) 75 (39.1)
IVA 0 ( 5 (2.6)
IVB 3 (2.4) 25 (13.0)

(Continued to the next page)
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2. Perception for the surveillance for HCC in Korean high-
risk patients

Of 319 newly diagnosed HCC who were candidate for reg-
ular surveillance, 182 patients (57.1%) had responded they
had known about the need of surveillance (106 patients of
surveillance group [83.5%] and 76 patients of non-surveil-
lance group [39.6%]) (Table 2). Nonetheless, only 141 (44.2%
of total patients, 77.5% of subjects who had responded they
had knowledge of the need for surveillance) had responded
the US is needed for the HCC surveillance (Table 2). Subjects

who had responded that simultaneous US and AFP needed
were 99 (31.0%) (Table 2).

Among the 182 patients who had responded they had
known about the need of surveillance, 114 patients (62.6%)
obtained information about the need for HCC surveillance
from their physician. Forty-three patients (23.6%) responded
that they got the information about the need for surveillance
from the media, such as TV, radio, newspaper, or internet
(Table 2). 

In the non-surveillance group (n=192), ‘lack of knowledge’
was the most common reason (95 patients, 49.5%), following

Sanghyuk Im, Surveillance for Hepatocellular Carcinoma

Table 1.  Continued

Variable Surveillance Non-surveillance p-valuea)
(n=127, 39.8%) (n=192, 60.2%)

Treatment modality
Surgical resection 7 (5.5) 5 (2.6) < 0.001
RFA 28 (22.0) 7 (3.6)
RFA+TACE 21 (16.5) 14 (7.3)
TACE 69 (54.3) 147 (76.6)
TACE+PEIT 1 (0.8) 0 (
Sorafenib 1 (0.8) 3 (1.6)
Supportive care 0 ( 16 (8.3)

Values are presented as mean±standard deviation or number (%). ECOG, Eastern Cooperative Oncology Group; HBV, hep-
atitis B virus; HCV, hepatitis C virus; ALT, alanine transferase; PT INR, prothrombin time international normalized ratio;
AFP, !-fetoprotein; HCC, hepatocellular carcinoma; BCLC, Barcelona Clinic Liver Cancer; mUICC, modified Union for 
International Cancer Control; RFA, radiofrequency ablation; TACE, transarterial chemoembolization; PEIT, percutaneous
ethanol injection therapy. a)p-value for comparisons between surveillance group and non-surveillance group.

Table 2.  Perception for the hepatocellular carcinoma surveillance in Korean high-risk patients

Total Surveillance group Non-surveillance group
(n=319) (n=127, 39.8%) (n=192, 60.2%)

Knowledge of the need for surveillance 182 (57.1) 106 (83.5) 76 (39.6)                          
Method of surveillancea)

LFT 163 (51.1) 97 (76.4) 66 (34.4)
AFP 106 (33.2) 71 (55.9) 35 (18.2)
US 141 (44.2) 91 (71.7) 50 (26.0)

US+AFP 99 (31.0) 67 (52.8) 32 (16.7)
CT/MRI 60 (18.8) 45 (35.4) 15 (7.8)

Source of informationb)

Primary physician 114 (62.6) 76 (71.7) 38 (50.0)
Family, friends, colleague 16 (8.8) 9 (8.5) 7 (9.2)
TV/Radio/Newspaper 43 (23.6) 18 (17.0) 25 (32.9)

Others 9 (4.9) 3 (2.8) 6 (7.9)

Values are presented as number (%). LFT, liver function test; AFP, !-fetoprotein; US, ultrasonography; CT, computed 
tomography; MRI, magnetic resonance image. a)Multiple selection, b)Percent was calculated among subjects who responded
that they had knowledge of the need for regular surveillance. 
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by ‘time-commitment’ (n=20, 10.4%), ‘unaffordable cost’
(n=3, 1.6%), ‘limited accessibility to the hospital’ (n=2, 1.0%),
and ‘fear for bad result’ (n=1, 0.5%). A total of 82 patients
(42.7% of non-surveillance group) were new to the health
system and 97 patients (50.5% of non-surveillance group)
were newly diagnosed with liver cirrhosis. Of the patients
with prior diagnosis of chronic liver disease (n=131), lack of
knowledge was also the most common reason for non-sur-

veillance (55 patients, 42.0%) indicating the need for increa-
sed awareness to HCC surveillance. 

3. Comparison of tumor characteristics according to HCC

surveillance status

As shown in Table 1, tumor diameter was smaller in the
surveillance group compared to it in the non-surveillance

Cancer Res Treat. 2019;51(4):1357-1369

Fig. 1.  Observed and corrected survivals of the surveillance group and the non-surveillance group. (A) Observed survival
of the surveillance group was significantly better than that of the non-surveillance group. (B) Corrected survival of the sur-
veillance group was significantly better than that of the non-surveillance group, even after adjustment with 70 days of 
hepatocellular carcinoma (HCC) sojourn time. (C) Corrected survival of the surveillance group was significantly better than
that of the non-surveillance group, even after adjustment with 140 days of HCC sojourn time. 
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group (3.0±2.4 cm vs. 7.0±5.0 cm, p < 0.001). Frequency of
serum AFP ! 20 ng/mL at diagnosis (surveillance 60.6% vs.
non-surveillance 38.7%, p < 0.001) was higher and frequen-
cies of PVT and extra-hepatic metastasis were significantly
lower in the surveillance group than in the non-surveillance
group (Table 1). As a result, patients with early HCC in BCLC
stage 0/A were more frequent in the surveillance group than

in the non-surveillance group (80.3% vs. 42.2%, p < 0.001).
The curative treatment rate including surgical resection and
RFA was higher in the surveillance group than in the non-
surveillance group (27.5% vs. 6.2%, p < 0.001).

Comparisons of clinical characteristics between “surveil-
lance interval within 6 months” group and “with 6-12 mon-
ths” group were listed in S2 Table. There were no significant

Fig. 2.  Observed and corrected survivals of the surveillance group and the non-surveillance group in subgroup with liver
cirrhosis. (A) Observed survival of the surveillance group was significantly better than that of the non-surveillance group in
cirrhotic patients. (B) Corrected survival of the surveillance group was significantly better than that of the non-surveillance
group with cirrhosis, even after adjustment with 70 days of hepatocellular carcinoma (HCC) sojourn time. (C) Corrected
survival of the surveillance group was significantly better than that of the non-surveillance group with cirrhosis, even after
adjustment with 140 days of HCC sojourn time.
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differences between the two groups for BCLC stage, mUICC
stage, and treatment modality at the initial diagnosis. 

4. Impact of surveillance on the overall survival of HCC 

patients 

As shown in Fig. 1, mean overall survival was significantly
better in the surveillance group than in the non-surveillance
group (51.0±1.4 months vs. 41.2±1.7 months, respectively, 
p < 0.001) (Fig. 1A). To correct lead-time bias, we calculated
lead-time with an assumption of 2 different HCC sojourn
times, 70 and 140 days. The significantly longer survival of
the surveillance group was again observed with both 70 days
(48.7±1.4 months vs. 41.2±1.7 months, p=0.001) (Fig. 1B) and
140 days (46.4±1.4 months vs. 41.2±1.7 months, p=0.002) 
(Fig. 1C) assumptions. 

We performed subgroup analysis for the impact of surveil-
lance on the overall survival of HCC patients with cirrhosis.
Among the cirrhotic patients (106 in the surveillance group,
141 in the non-surveillance group), mean overall survival
was significantly better in the surveillance group than in the
non-surveillance group (51.8±1.4 months vs. 42.0±1.9 months,
p < 0.001, respectively) (Fig. 2A). With two different assump-
tion of HCC sojourn times (70 and 140 days), the longer sur-
vivals of the surveillance group were still statistically
significant (with 70 days assumption, 49.4±1.4 months vs.
42.0±1.9 months, p=0.001, Fig. 2B; with 140 days assumption,
47.1±1.4 months vs. 42.0±1.9 months, p=0.002, Fig. 2C).

Nevertheless, overall survival in the “surveillance interval
within 6 months” group and “with 6-12 months” group did
not have a significant difference (50.2±2.0 months vs. 51.8±2.0
months, p=0.533, respectively) (S3A Fig.). After correction
for lead-time bias with 70 days and 140 days of HCC sojourn
time, there were no significant differences in survival 
between the two groups with both 70 days (47.9±2.0 months
vs. 49.4±2.0 months, p=0.533) (S3B Fig.) and 140 days (45.6±
1.9 months vs. 47.1±2.0 months, p=0.533) (S3C Fig.) assump-
tions.

In the subgroup analysis of HCC patients with cirrhosis,
overall survival in the “surveillance interval within 6 months”
group (n=63) and “with 6-12 months” group (n=43) did not
have a significant difference (49.5±1.9 months vs. 53.4±1.8
months, p=0.434, respectively) (S4A Fig.). After correction
for lead-time bias with 70 days and 140 days of HCC sojourn
time, there were no significant differences in survival 
between the two groups with both 70 days (47.2±1.9 months
vs. 51.1±1.8 months, p=0.434) (S4B Fig.) and 140 days
(44.9±1.9 months vs. 48.7±1.8 months, p=0.434) (S4C Fig.) 
assumptions.

According to multivariate analysis, Child-Pugh class A 
(p < 0.001), history of anti-viral therapy (p=0.020), low serum
AFP level (p=0.003), and BCLC stage non-C (stage 0/A, p <

0.001; stage B, p=0.027) were significant prognostic factors
related to overall survival in Korean HCC patients. After 
adjusting those tumor related factors, regular surveillance
was not an independent predictor of favorable survival of
HCC patients (Table 3). In the subgroup analysis of HCC 
patients with cirrhosis, regular surveillance was not an inde-
pendent predictor of favorable survival of HCC patients
(Table 4).

Discussion

In the present study, we demonstrated that the previous
surveillance rate was only 39.8% in Korean newly diagnosed
HCC patients, and the adherence to the strict surveillance
rate of 6-month interval according to the current guidelines
[3,4] was only 21.9%, suggesting a suboptimal surveillance
status. Although all patients were surveillance candidate for
HCC, 182 patients (57.1%) had known the need for regular
surveillance, and among them, 77.5% knew the necessity of
ultrasonography for HCC surveillance. About half (49.5%)
of the non-surveillance group answered they had never
known about the need for surveillance, although 68.2% of
them were aware of their liver disease. The adequate diag-
nosis of liver cirrhosis and the antiviral therapy were impor-
tant factors to retain adherence to the regular surveillance in
high risk group. Overall survival of the surveillance group
was significantly better than that of the non-surveillance
group, even with lead-time correction under various HCC
sojourn time assumptions, but it was related with early diag-
nosis at curative stage according to multivariable analysis. 

The surveillance rate in our study supported previous 
reports from the Korean Ministry of Health and Welfare in
2013 (44.2%). A recent meta-analysis of 47 studies with 15,158
patients suggested only 41% of HCCs are detected by sur-
veillance in the United States [16]. A recent retrospective 
cohort study from Sweden reported only 22% of HCCs were
diagnosed by surveillance, and in more than one-third of
cases, surveillance was indicated but missed [17]. 

Previous studies have categorized the causes of these dis-
appointing surveillance rates into hospital/physician- and
patient-related factors [18]. The former included insufficient
physician understanding of HCC surveillance, which leads
to insufficient recommendation of adequate surveillance for
indicated patients. In the United States, a web-based survey
of 131 primary care providers (PCP) in Dallas demonstrated
only half believed that HCC surveillance reduced mortality.
Furthermore, 45% of them believed in clinical examination,
59% in liver enzyme testing, and 89% in AFP alone as effec-
tive surveillance tests to detect HCC [19]. Another e-mail
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Variable
Univariate Multivariate

HR 95% CI p-value HR 95% CI p-value
Age (yr)
! 60 1 1
< 60 1.415 0.831-2.412 0.201 1.268 0.668-2.406 0.468

Sex
Male 1 1
Female 0.660 0.311-1.397 0.277 0.986 0.434-2.239 0.972

ECOG 
! 2 1 -
0/1 0.268 0.119-0.600 0.001 - - -

Etiology
Viral 1 -
Non-viral 1.008 0.476-2.137 0.983 - - -

Cirrhosis
Yes 1 -
No 1.598 0.892-2.860 0.115 - - -

Child-Pugh class
B/C 1 1
A 0.308 0.174-0.547 < 0.001 0.317 0.173-0.583 < 0.001

Antiviral therapy
No 1 1
Yes 0.484 0.283-0.828 0.008 0.467 0.246-0.887 0.020

Tumor size (cm)
! 5 1 -
< 5 0.161 0.089-0.293 < 0.001 - - -

AFP level (ng/mL)
> 20 1 1
" 20 0.262 0.138-0.498 < 0.001 0.368 0.190-0.716 0.003

BCLC stage
C/D 1 1
B 0.315 0.157-0.633 0.001 0.443 0.215-0.913 0.027
0/A 0.085 0.044-0.165 < 0.001 0.138 0.065-0.292 < 0.001

Extra-hepatic metastasis
Yes 1 -
No 0.222 0.111-0.444 < 0.001 - - -

Treatment modality
Others 1 -
TACE+PEIT/TACE 0.111 0.050-0.243 < 0.001 - - -
Surgery/RFA/RFA+TACE 0.010 0.002-0.051 < 0.001 - - -

Surveillance
Non-surveillance 1 1
Surveillance 0.328 0.173-0.623 0.001 0.755 0.372-1.532 0.436

HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; AFP, !-fetoprotein; BCLC, Barcelona
Clinic Liver Cancer; TACE, transarterial chemoembolization; PEIT, percutaneous ethanol injection therapy; RFA, radiofre-
quency ablation.

Table 3. Cox regression analysis to identify independent factors associated with survival
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based survey of 345 PCP in North Carolina demonstrated 189
PCP (55%) did not recommend HCC surveillance. Of them
46 (24%) PCP were unaware of any surveillance recommen-
dations, 15 PCP (8%) felt the benefit of surveillance was 
uncertain [20]. In the United Kingdom, 25% of gastroenterol-

ogists answered they were unaware of HCC surveillance
guidelines [21]. From our data, 42.0% of the non-surveillance
group with prior diagnosis of chronic liver disease including
chronic hepatitis B or C and cirrhosis never knew about sur-
veillance, and their physicians failed in educating them on

Cancer Res Treat. 2019;51(4):1357-1369

Variable
Univariate Multivariate

HR 95% CI p-value HR 95% CI p-value
Age (yr)
! 60 1 1
< 60 1.060 0.566-1.987 0.855 1.116 0.546-2.280 0.764

Sex
Male 1 1
Female 0.666 0.279-1.591 0.361 1.118 0.434-2.881 0.817

ECOG 
! 2 1 -
0/1 0.236 0.082-0.676 0.007 - - -

Etiology
Viral 1 -
Non-viral 1.157 0.510-2.624 0.728 - - -

Child-Pugh class
B/C 1 1
A 0.255 0.131-0.498 < 0.001 0.197 0.091-0.424 < 0.001

Antiviral therapy
No 1 1
Yes 0.345 0.179-0.664 0.001 0.488 0.230-1.037 0.062

Tumor size (cm)
! 5 1 -
< 5 0.182 0.093-0.355 < 0.001 - - -

AFP level (ng/mL)
> 20 1 1
" 20 0.313 0.152-0.645 0.002 0.347 0.159-0.754 0.008

BCLC stage
C/D 1 1
B 0.468 0.216-1.015 0.055 0.783 0.350-1.752 0.551
0/A 0.097 0.044-0.210 < 0.001 0.153 0.062-0.374 < 0.001

Extra-hepatic metastasis
Yes 1 -
No 0.243 0.107-0.552 0.001 - - -

Treatment modality
Others 1 -
TACE+PEIT/TACE 0.051 0.018-0.146 < 0.001 - - -
Surgery/RFA/RFA+TACE 0.003 0.000-0.028 < 0.001 - - -

Surveillance
Non-surveillance 1 1
Surveillance 0.274 0.126-0.597 0.001 0.704 0.296-1.674 0.427

HCC, hepatocellular carcinoma; HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group;
AFP, !-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; TACE, trans-arterial chemoembolization; PEIT, percutaneous
ethanol injection therapy; RFA, radiofrequency ablation.

Table 4. Cox regression analysis to identify independent factors associated with survival of HCC patients with cirrhosis
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regular surveillance tests. Thus, continuous education and
reinforcement of guidelines among healthcare providers are
required to increase surveillance rate.

Patient related factors included lack of knowledge of sur-
veillance, time-commitment, accessibility to the hospital, and
medical costs. A recent cohort study revealed that nearly half
(49.9%) of the patients reported barriers to receiving HCC
surveillance, including difficulty with the scheduling process
(30.5%), costs of surveillance tests (25.3%), and transportation
difficulties (17.3%) [22]. Another prospective cohort study 
reported that active alcohol consumption (hazard ratio [HR],
3.03; 95% confidence interval [CI], 2.03 to 4.51) and a history
of intravenous drug use (HR, 5.33; 95% CI, 3.07 to 9.23) were
the strongest predictors of suboptimal adherence to surveil-
lance programs [23]. Our results also showed that alcoholic
HCC patients tended to be in the non-surveillance group.
Nonetheless, the major cause of the non-surveillance was 
insufficient education (49.5% of patients in the non-surveil-
lance group) rather than the physical factors: only 1.6% of
patients reported that they had barriers to receiving HCC
surveillance due to costs of surveillance test, 1.0% was due
to limited accessibility to the hospital, and 10.4% was due to
time-commitment. Of the patients with prior diagnosis of
chronic liver disease, 42% answered that they did not know
about the need of surveillance. In this regard, a recent single
tertiary care center study in the United States revealed that
patient involvement in their care (odd ratio, 3.4; 95% CI, 1.5
to 7.9) was independent predictors of receiving surveillance
[24]. Therefore, continued patient education and direct pati-
ent’s involvement in decisions regarding HCC surveillance
are warranted to improve the surveillance adherence.

Recently, survival benefits of HCC surveillance reported
in many observational studies [25] have been challenged [7].
A recent systemic review reported that only one large ran-
domized trial demonstrated the survival benefit of surveil-
lance, but the study was limited by methodological flaws,
and in 18 observational studies, lead- and length-time biases
confounded the effects on mortality; therefore, it concluded
that evidence supporting HCC screening impact on chronic
liver disease patient mortality was weak [7]. A recent pro-
spective cohort study from Spain showed that patients with
suboptimal surveillance (defined as failure to complete two
consecutive screening rounds) had more advanced HCC
stages at diagnosis and shorter but non-significantly different
median survivals than patients with optimal surveillance
[23]. In contrast, a recent population-based cohort study from
Taiwan reported that shorter US screening intervals were 
associated with better survival in HCC patents, even after
adjusting for lead-time bias [26]. A retrospective cohort study
from the United States also reported that a receipt of HCC
surveillance was associated with 38% reduction in mortality
risk [8]. A multi-center retrospective study from the Nether-

lands also reported that survival rate was significantly higher
in the surveillance group than in the non-surveillance group
(p < 0.001) [27]. Similarly, our study further confirmed the
survival benefit of surveillance after adjusting for lead-time
bias.

Though a receipt of surveillance was not an independent
factor for survival on multivariable analysis, diagnosis of
HCC at early stage by way of surveillance was a significant
independent prognostic factor. This result was similarly 
observed in European studies [28], in which surveillance 
interacts with prognosis through its effect on cancer stage. 

The optimal interval for screening is recommended as 6
months in many guidelines [3,4], because several observa-
tional studies and recent large cohort studies have reported
better outcomes in 6-month interval surveillance groups
when compared with 12- to 24-month interval surveillance
groups [25,26]. In contrast, a community based randomized
study reported that there was no significant difference in the
overall survival between 4- and 12-month US surveillance
interval for patients with chronic viral hepatitis and throm-
bocytopenia [29]. A recent cost-effectiveness study proposed
that the most optimal surveillance strategy is an initial
screening age of 50 years old with a 1-year inter-screening
interval [30]. Although it was shown as Supplementary data,
our study also showed that the observed survival of HCC
patients who undertook surveillance studies within 6-months
interval and those with 6- to 12-month interval were not sig-
nificantly different. 

To the best of our knowledge, the present study is the first
to reveal HCC surveillance utilization in high-risk patients
in South Korea as a cohort study. However, our study had
several limitations. First, we obtained surveillance utilization
information from HCC patients using a structured question-
naire survey, rather than actual confirmation of test perform-
ance. Although we conducted a face-to-face interview with
each patient, recall bias was inevitable. We compared the
data obtained from the patients undergoing follow up at
SNUBH (n=63) prior to HCC diagnosis with the patient’s
electronic medical records for validation and confirm all cor-
rect surveillance status classification, however, we could not
use their electronic medical records and we had no choice
but to rely on the questionnaire survey for patients under-
going follow up at outside local clinic. To improve recalled
response reliability, we designed the questionnaire to ask
surveillance interval in three different ways: surveillance 
interval, the number of tests received within past 2 years, and
the detailed surveillance date and method. We checked for 
inconsistent responses among the three questions during the
data acquisition. For inconsistent responses, we compared
their response with the medical record and tried to obtain
the most accurate data. Despite of efforts to improve recalled
response reliability, recall bias and possibility of misclassifi-
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cation between the two subgroups was inevitable, especially
for the surveillance interval. This limitation undermined our
study results that the observed survival of HCC patients who
undertook surveillance studies within 6-months interval and
those with 6- to 12-month interval were not significantly dif-
ferent. Therefore, well designed, prospective studies are
needed to confirm the superiority of the semiannual over the
annual surveillance. Second, this study did not include pati-
ents directly admitted to the surgical ward and thus mostly
amenable to surgical resection. During our study period, 166
HCC patients were admitted to the surgical ward and recei-
ved surgical resection. Nonetheless, surveillance group sur-
vival was better than that of the non-surveillance group,
despite excluding many patients who underwent surgical 
resection with higher probability of surveillance. Thus, this
selection bias may have caused underestimation of the sur-
vival benefit of HCC surveillance in this study, strengthening
our survival benefit results. Third, lead-time bias may had
affected the results of better survival of patients who had 
received surveillance imaging test. We took care to minimize
the unavoidable lead-time bias by adjusting the survival of
patients who had received surveillance imaging test. After
this adjustment, the survival was still better in this group.
Forth, the study population may not have truly reflected our

national HCC patients because this study was conducted at
a single tertiary center. 

In conclusion, HCC surveillance can lead to significant
overall survival benefit through early stage diagnosis in
high-risk patients. However, less than half of the newly diag-
nosed Korean HCC patients were under surveillance and the
accurate perception for the need of HCC surveillance was 
insufficient. Comprehensive efforts to optimize the surveil-
lance program and the enlightenment for the need of regular
surveillance for the target population should be warranted.
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Purpose

This first Korean prospective study is to evaluate the feasibility of prone breast radiotherapy

after breast conserving surgery for left breast cancer patients who have relatively small

breast size and we present dosimetric comparison between prone and supine positions. 

Materials and Methods

Fifty patients underwent two computed tomography (CT) simulations in supine and prone

positions. Whole breast, ipsilateral lung, heart, and left-anterior-descending coronary artery

were contoured on each simulation CT images. Tangential-fields treatment plan in each 

position was designed with total 50 Gy in 2-Gy fractions, and then one of the positions was

designated for the treatment by comparing target coverage and dose to normal organs.

Also, interfractional and intrafractional motion was evaluated using portal images. 

Results

In total 50 patients, 32 cases were decided as prone-position–beneficial group and 18

cases as supine-position–beneficial group based on dosimetric advantage. Target dose 

homogeneity was comparable, but target conformity in prone position was closer to optimal

than in supine position. For both group, prone position significantly increased lung volume.

However, heart volume was decreased by prone position for prone-position–beneficial group

but was comparable between two positions for supine-position–beneficial group. Lung and

heart doses were significantly decreased by prone position for prone-position–beneficial

group. However, prone position for supine-position–beneficial group increased heart dose

while decreasing lung dose. Prone position showed larger interfractional motion but smaller

intra-fractional motion than supine position. 

Conclusion

Prone breast radiotherapy could be beneficial to a subset of small breast patients since it

substantially spared normal organs while achieving adequate target coverage. 
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Prone position 
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Introduction

Breast cancer is the most common cancer in women world-
wide [1] and the second most common cancer in Korean
women [2]. While postoperative whole breast radiotherapy
(RT) has previously been proven effective in clinical trials [3],
the concern about cardiac problems according to exposed
dose has been raised especially in left-sided breast cancer 

patients. Meta-analysis of U.S. breast cancer RT between 1973
and 2001 found an increase in heart-related mortality, when
older equipment and techniques had yet been utilized [4].
The reduction of heart perfusion according to RT volume
was also reported to be induced in 40% of patients within 
2 years [5]. In addition, we also see the coronary arteries
damaged by postoperative RT in left breast cancer patients
compared to the right [6]. A paper published in the New Eng-
land Journal of Medicine [7] reported that main coronary artery
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disease increased by 7.4% per 1 Gy of radiation exposure to
the heart (95% confidence interval, 2.9 to 14.5%), and there
was no threshold dose. Furthermore, this heart disease 
begins within 5 years after RT and appears to be continued
up to 30 years [7]. Even though recent paper [8] concluded
that study based on large population receiving whole breast
RT between 1990 and 1999 with median follow-up period of
15.5 years revealed no increase of cardiac-related mortality
to left breast cancer patients, cardiac dose is still important
consideration for whole breast RT. 

Besides heart, pulmonary toxicity is also one of the prob-
lems which cannot be ignored in long-term survivors who
received postoperative breast RT. Although the incidence of
clinical radiation pneumonitis after breast RT is not high, 
radiologic changes in lung due to the radiation have been 
observed in 20%-40% of the patients [9]. These radiation 
exposures have been reported to cause lung function deteri-
oration in long-term survivors [10]. Therefore, although the
incidence of pneumonia is low after RT, it is necessary to 
reduce the radiation dose to lungs to preserve pulmonary
function in long-term survivors. 

Breast cancer patients have received RT in supine position
with autonomic respiration, which is superior in terms of 
patient comfort and reproducibility. The above-mentioned
studies have also been conducted in supine position with 
autonomic respiration. There have been attempts to reduce
the radiation dose to the heart and lungs in postoperative
whole breast RT by applying prone or lateral decubitus 
positions and respiratory motion management [11-15]. Since
prone position was considered to be useful only in patients
with large volume of breast (> 1,000 mL), most of them were
studied mainly in United States and Europe. It was repeat-
edly shown that RT in prone position can reduce cardiac 
radiation exposure in left breast cancer [16-21]. Recently, it
has been reported that radiation dose to heart or lung is 
reduced by prone position for relatively smaller breast size
[22,23]. The results of this study gave the motivation that it
is possible to reduce radiation dose to heart and lungs by
means of the use of prone position even in Korean patients
whose average breast volume is much smaller. However, in
Korea, postoperative RT is performed in supine position for
most of the cases, and respiratory motion management RT
has been tried in some institutions [24].

Yet, the effectiveness of prone position in breast RT has not
been reported for Korean women with relatively small
breast. Hence, we proposed the first Korean prospective
phase II study to evaluate the feasibility of prone position in
the whole breast RT for Korean left breast cancer patients.

Materials and Methods

1. Patients

Fifty left breast cancer female patients receiving whole
breast irradiation after breast conserving surgery partici-
pated in this study and provided written informed consent
from December 2014 to June 2015. The inclusion criteria of
this study were as follows: age between 20 and 70 years with
pathologically confirmed left-sided breast cancer after cura-
tive resection and Eastern Cooperative Oncology Group per-
formance status 0 or 1. We excluded patient who needs the
irradiation of loco-regional lymph nodes area, who has com-
bined distant metastasis, who is pregnant or breast-feeding,
who has previous RT history of chest or neck area, or who is
not indicated postoperative whole breast RT. Based on the
results of previous clinical studies about prone breast RT, we
could hypothesize that the prone position can reduce 50% of
heart irradiation dose in 80% of left breast cancer patients
compared to the supine position. A total number of 50 pati-
ents were calculated to verify this hypothesize at an alpha of
0.05, a power of 80%, and dropout rate of 10%. 

2. Computed tomography simulations

Each patient underwent two computed tomography (CT)
simulations for whole breast irradiation: the first in supine
position and the second in prone position. First, CT images
were obtained in conventional supine and arm-up position
on a breast board (CIVCO Medical Solutions, Kalona, IA).
After that, second CT images were acquired in prone posi-
tion using a custom-made prone breast board made of
polyurethane foam with an aperture positioning left breast
and a wedge to set contralateral breast away from the RT
fields. Patient’s face was turned to the left to limit the rotation
of her body in prone position (Fig. 1). For both setups, radio-
opaque wires were placed to indicate palpable breast mass
and midline of chest of the patients. On the prone breast
board, radio-opaque markers were attached to point out the
position of aperture and the top of board in order to provide
accurate information for RT plan. Both CT images were 
obtained in 3.75-mm thick slices without contrast, and then
transferred to the treatment planning system, Pinnacle3
(Philips Healthcare, Fitchburg, WI).

3. RT planning and dosimetric comparison

The whole breast as a clinical target volume (CTV), ipsilat-
eral lung, heart, and left anterior descending coronary artery
(LADCA) were contoured on each CT images by a radiation
oncologist according to the Radiation Therapy Oncology
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Group breast contouring atlas. Tangential-fields treatment

plan with 6-MV photons in each position was designed with

prescription dose of 50 Gy in 2 Gy fractions, and then the

dose-volume histograms for CTV and organs at risks were

compared between prone and supine positions. Primary end-

point was the irradiated cardiac dose (heart and LADCA),

and the secondary endpoints were the irradiated dose to 

ipsilateral lung and target coverage.

For target coverage, we compared the maximum and mean

dose (Dmax, Dmean), the dose received by at least 95% of the

CTV (D95), homogeneity index (HI) [25], and conformity

index (CI) [26]. The HI was calculated from the formula:

HI=(D2–D98)/Dp, where D98 is the dose received by at least

98% of the target volume, D2 is the dose received by at least

2% of the target volume, and Dp is the prescription dose to

the target volume. The D98 and D2 are considered to be the

minimum and maximum doses, respectively, and a lower HI

value indicates a more homogeneous dose administered to

the target volume. The CI was calculated from the formula:

CI=(TV95/TV)!(TV95/V95), where V95 is the target volume 

receiving 95% of the prescription dose, TV is the target vol-

ume, and V95 is the volume receiving 95% of the prescription

dose. The closer the CI is to 1 is indicative of optimal confor-

mation. For normal organs, we compared Dmax, Dmean, and the

percentage of the volume that receives more than 5, 10, 20,

30, 40, and 50 Gy (V5, V10, V20, V30, V40, and V50).

4. Treatment position designation

According to study protocol, the treatment position was

designated to deliver less radiation dose to the heart and

LADCA, considering the maximum dose and irradiated vol-

ume, while maintaining the appropriate dose (95%-107%) of

the prescribed dose to CTV. The LADCA dose was consid-

ered to be the determining factor of the highest priority. 

As a process of designation, we evaluated the parameters

between prone- and supine-position–beneficial groups for

each position. Age and chest and bust sizes, volumes of CTV,

heart, and LADCA in both prone and supine positions were

comparable between the two groups. Lung volume in prone

position for prone-position–beneficial group was smaller

than for supine-position–beneficial group (1,162.1±201.1 mL

vs. 1,296.4±224.7 mL, p=0.035), whereas lung volume in

supine position between the two groups was not statistically

different (1,081.4±213.7 mL vs. 1,197.1±232.7 mL, p=0.081).

Target dose parameters for each position were all compara-

ble between the two groups. Lung, heart, and LADCA dose

in prone position was significantly lower for prone-position–

beneficial group. In supine position, the lung dose was com-

parable between the two groups but heart and LADCA dose

was significantly lower for supine-position–beneficial group

than for prone-position–beneficial group.

5. Treatment and verification

The treatment was performed using a Varian Clinac 6Ex

machine (Varian Medical Systems, Palo Alto, CA). For the

patient setup verification, a weekly portal image using an

electronic portal imaging device (EPID) was obtained. 

Intrafractional motion was assessed with images acquired at

a rate of two images per second using an EPID in cine mode

during one of the tangential beam delivery. To assess quan-

titatively, an external marker was placed on the left breast

tattoo during imaging time. The displacement of marker was

compared in portal images with that of the first fraction for

interfractional setup verification, and the maximum move-

ment of marker during beam delivery was analyzed in the

cine images for intrafractional motion.

6. Statistical analysis

Dosimetric parameters were examined by paired t test or

Wilcoxon signed-rank test. The correlation between dosimet-

ric benefit and treatment position were analyzed by paired 

t test or non-parametric statistical test including Kruskal-

Wallis test and Mann-Whitney U test. Inter-/intra-fractional 

Fig. 1.  Prone breast board.
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motions of patients were evaluated by independent samples
t test. Statistical analyses were conducted using SPSS ver.
20.0.0 (IBM Corp., Armonk, NY). We considered a p-value
of less than 0.05 to be statistically significant.

7. Ethical statement

This prospective study received approval from Institu-
tional Review Board of Samsung Medical Center (IRB No.
2014-06-138-002) and performed in accordance with the prin-
ciples of the Declaration of Helsinki and Good Clinical Prac-
tice guidelines. All patients provided written informed
consent before enrollment in this study. The trial was regis-
tered at ClinicalTrials.gov (NCT02231112).

Results

1. Total 50 enrolled patients

The characteristics of total 50 enrolled patients are listed
in Table 1. The median age of total 50 patients was 48 years
(range, 36 to 64 years). The median chest size was 78 cm
(range, 60 to 90 cm) and the median bust size was 88 cm
(range, 72 to 107 cm). The median breast, heart, and lung vol-
umes measured in supine position was 269.3 mL (range, 95.3
to 605.6 mL), 595.7 mL (range, 455.1 to 800.1 mL), and 1,137.9
mL (701.2-1,843.9 mL), respectively.

2. Dosimetric beneficial group

We performed the comparisons between prone and supine
positions for the entire patients and the comparisons of 
parameters are summarized in Table 2. Prone position sig-
nificantly increased the average volume of breast (CTV)
(304.8±149.3 mL vs. 285.0±126.5 mL, p=0.001). Ipsilateral lung
volume was also significantly increased while heart volume
was decreased in prone position (1,218.5±219.6 mL vs. 1,130±
227 mL, p < 0.001 and 590.9±85.7 mL vs. 614.0±91.7 mL, 
p < 0.001, respectively). The volume of LADCA was equiva-
lent in both positions. The radiation dose to the CTV was
similar when comparing Dmax and D95 of prone and supine
positions. The Dmean of CTV was statistically larger in prone
position but the absolute difference of the mean value bet-
ween two positions was only 0.3 Gy (50.8±0.4 Gy vs. 50.5±0.5
Gy, p < 0.001). The CI in prone position was closer to 1 indi-
cating more optimal target conformation (0.97±0.05 vs 0.86±
0.14, p < 0.001) while the HI was similar in both positions.
All dose values (Dmax, Dmean, and V5-V50) of ipsilateral lung,
heart, and LADCA were lower in prone position than in

supine position (Table 2). 
Among these 50 patients, 32 cases were decided as prone-

position–beneficial group and 18 cases as supine-position–
beneficial group in terms of dosimetric advantage after the
dosimetric results of treatment plans for both setups were
thoroughly compared according to study protocol. The com-
parisons between prone and supine positions for each prone-
and supine-position–beneficial group are described in Table
3. Age, chest size, and bust size between prone-position–ben-
eficial and supine-position–beneficial groups were compara-
ble (p=0.723, p=0.356, and p=0.550, respectively). For prone-
position–beneficial group, prone position significantly 
increased lung volume (1,162.1±201.1 mL vs. 1,081.4±213.7
mL, p < 0.001) but decreased heart volume (591.7±87.9 mL
vs. 624.6±96.5 mL, p < 0.001), while CTV was not statistically
different between the two positions. In contrast, for supine-
position–beneficial group, prone position also increased lung
volume (1,296.4±224.7 mL vs. 1,197.1±232.7 mL, p=0.002) as
well as CTV (323.0±182.0 mL vs. 285.1±138.6 mL, p=0.004),
but heart volume was comparable between two setups
(589.6±84.7 mL vs. 599.3±84.6 mL, p=0.200). LADCA volume
was comparable between the two setups for both groups.

Table 1. Characteristics of total 50 participants

Values are presented as median (range) or number (%).
a)Presented volumes are measured in supine position
which is a conventional setup for patients.

Characteristic No. (%)

Age (yr) 48 (36-64)
Type of breast cancer

Invasive ductal carcinoma 40 (80)
Ductal carcinoma in situ 3 (6)
Mixed invasive ductal carcinoma 3 (6)
Others 4 (8)

Surgery

Partial mastectomy 2 (4)
Partial mastectomy+ 48 (96)
sentinel lymph node dissection

Pathologic T category

Tis 3 (6)
T1 42 (84)
T2 5 (10)

Pathologic N category
N0 49 (98)
Nx 1 (2)

Chest size (cm) 78 (60-90)
Bust size (cm) 88 (72-107)
Breast volumea) (mL) 269.3 (95.3-605.6)
Heart volumea) (mL) 595.7 (455.1-800.1)
Lung volumea) (mL) 1,137.9 (701.2-1,843.9)
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Variable
Total patients (n=50)

Prone position Supine position p-value

Age (yr) 49±7
Chest size (cm) 78.4±6.3
Bust size (cm) 88.3±7.5
Volume (mL)

CTV (breast) 304.8±149.3 285.0±126.5 0.001
Lung 1,218.5±219.6 1,130.0±227.0 < 0.001
Heart 590.9±85.7 614.0±91.7 < 0.001
LADCA 0.9±0.2 0.9±0.2 0.039

Target dose

Dmax (Gy) 53.1±0.4 52.9±0.3 0.076
Dmean (Gy) 50.8±0.4 50.5±0.5 < 0.001
D95 (Gy) 48.9±0.6 48.7±0.7 0.053
HI 0.09±0.02 0.10±0.10 0.463
CI 0.97±0.05 0.86±0.14 < 0.001

Dose in OAR

Lung
Dmax (Gy) 38.8±14.6 50.8±1.2 < 0.001
Dmean (Gy) 1.4±1.0 7.5±1.8 < 0.001
V5 (%) 3.4±3.4 23.2±4.5 < 0.001
V10 (%) 2.2±2.5 17.7±4.3 < 0.001
V20 (%) 1.5±1.9 14.0±4.1 < 0.001
V30 (%) 1.1±1.6 11.8±4.0 < 0.001
V40 (%) 0.7±1.2 8.8±3.6 < 0.001
V50 (%) 0±0 0.2±0.4 < 0.001

Heart
Dmax (Gy) 42.6±9.7 48.2±6.8 0.002
Dmean (Gy) 2.4±1.2 3.4±3.6 0.063
V5 (%) 5.1±3.6 6.8±3.5 0.015
V10 (%) 3.3±2.9 4.7±2.9 0.014
V20 (%) 2.4±2.5 3.6±2.4 0.017
V30 (%) 1.9±2.2 2.9±2.1 0.019
V40 (%) 1.3±1.8 2.2±1.8 0.019
V50 (%) 0±0 0.1±0.2 0.005

LADCA
Dmax (Gy) 30.9±15.8 41.8±12.7 < 0.001
Dmean (Gy) 5.6±3.8 10.0±5.8 < 0.001
V5 (%) 17.7±9.1 28.8±13.1 < 0.001
V10 (%) 10.5±9.2 22.0±13.1 < 0.001
V20 (%) 8.0±8.9 18.2±13.0 < 0.001
V30 (%) 6.4±8.1 15.9±12.5 < 0.001
V40 (%) 5.0±7.6 12.8±11.5 < 0.001
V50 (%) 0±0 0.6±2.8 0.147

Values are presented as mean±standard deviation. CTV, clinical target volume; LADCA, left anterior descending coronary
artery; Dmax, maximum dose; Dmean, mean dose; D95, dose received by at least 95% of the clinical target volume; HI, homo-
geneity index; CI, conformity index; OAR, organs at risk; VX, percentage of the volume that receives more than X Gy.

Table 2. Comparison between prone and supine positions for total 50 patients
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Prone-position–beneficial group (n=32)                     Supine-position–beneficial group(n=18)

Variable Prone Supine  
p-value

Prone Supine 
p-value

position position position position

Age (yr) 48±8 49±8
Chest size (cm) 77.9±6.1 79.2±6.8
Bust size (cm) 87.6±6.9 89.6±8.5
Volume (mL)

CTV (Breast) 291.6±122.2 284.9±119.5 0.102 323.0±182.0 285.1±138.6 0.004
Lung 1,162.1±201.1 1,081.4±213.7 < 0.001 1,296.4±224.7 1,197.1±232.7 0.002
Heart 591.7±87.9 624.6±96.5 < 0.001 589.6±84.7 599.3±84.6 0.200
LADCA 1.0±0.2 0.9±0.2 0.056 0.9±0.2 0.9±0.2 0.451

Target dose

Dmax (Gy) 53.1±0.5 52.9±0.3 0.019 53.0±0.3 53.0±0.3 0.732
Dmean (Gy) 50.8±0.4 50.5±0.4 0.001 50.8±0.3 50.5±0.5 0.083
D95 (Gy) 49.0±0.6 48.7±0.6 0.099 48.8±0.6 48.6±0.8 0.323
HI 0.08±0.02 0.10±0.13 0.379 0.09±0.02 0.08±0.02 0.219
CI 0.99±0.02 0.85±0.14 < 0.001 0.96±0.07 0.86±0.15 0.002

Dose in OAR

Lung
Dmax (Gy) 34.9±16 51.0±1.1 < 0.001 44.2±10.4 50.5±1.2 0.023
Dmean (Gy) 0.9±0.6 7.6±2.0 < 0.001 1.9±1.2 7.4±1.6 < 0.001
V5 (%) 2.0±2.1 23.1±4.9 < 0.001 5.2±4 23.4±4.0 < 0.001
V10 (%) 1.2±1.4 17.7±4.6 < 0.001 3.5±2.9 17.5±3.9 < 0.001
V20 (%) 0.7±1 14.2±4.4 < 0.001 2.6±2.3 13.7±3.7 < 0.001
V30 (%) 0.5±0.8 12.0±4.2 < 0.001 2.0±1.9 11.4±3.6 < 0.001
V40 (%) 0.3±0.5 9.2±3.9 < 0.001 1.4±1.5 8.3±3.2 < 0.001
V50 (%) 0±0 0.3±0.5 0.002 0±0 0.1±0.2 0.019

Heart
Dmax (Gy) 40.6±10.5 49.8±1.2 < 0.001 45.4±7.7 45.9±10.1 0.957
Dmean (Gy) 2.0±0.8 4.2±4.6 0.016 2.9±1.5 2.4±1.0 0.016
V5 (%) 4.0±2.6 8.1±3.2 < 0.001 6.5±4.4 4.9±3.1 0.014
V10 (%) 2.5±2 5.9±2.7 < 0.001 4.5±3.6 3.2±2.3 0.022
V20 (%) 1.7±1.6 4.6±2.4 < 0.001 3.4±3.2 2.3±1.9 0.023
V30 (%) 1.3±1.3 3.7±2.2 < 0.001 2.7±2.8 1.8±1.5 0.027
V40 (%) 0.8±1 2.8±1.9 < 0.001 2.0±2.3 1.3±1.2 0.038
V50 (%) 0±0 0.1±0.2 0.017 0±0 0±0.1 0.083

LADCA
Dmax (Gy) 29.3±14.6 47.2±5.6 < 0.001 33.0±17.5 34.2±15.8 0.349
Dmean (Gy) 4.6±2.6 12.8±5.5 < 0.001 7.0±4.7 6.3±3.8 0.099
V5 (%) 16.5±7.4 33.6±13.3 < 0.001 19.4±10.9 22.1±9.8 0.588
V10 (%) 8.4±7.1 27.9±12.4 < 0.001 13.4±11 14±9.3 0.302
V20 (%) 5.8±6.8 24.3±12.1 < 0.001 11.1±10.7 9.9±9.2 0.037
V30 (%) 4.3±6.1 21.7±11.5 < 0.001 9.3±9.8 7.7±8.9 0.013
V40 (%) 2.9±5 17.9±11.3 < 0.001 7.9±9.5 5.9±7.4 0.008
V50 (%) 0±0 1±3.7 0.154 0±0 0±0.1 0.331

Values are presented as mean±standard deviation. CTV, clinical target volume; LADCA, left anterior descending coronary
artery; Dmax, maximum dose; Dmean, mean dose; D95, dose received by at least 95% of the clinical target volume; HI, homo-
geneity index; CI, conformity index; OAR, organs at risk; VX, percentage of the volume that receives more than X Gy.

Table 3. Comparison between prone and supine positions for prone- and supine-position–beneficial groups
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3. Target coverage

Target coverage dose was comparable between two setups
for supine-position–beneficial group in terms of Dmax, Dmean,
and D95. Target dose (Dmax and Dmean) was higher in prone 
position than in supine position for prone-position–beneficial
group, but the absolute differences of those values were very
minimal (Table 3). For both groups, HI was comparable 
between prone and supine positions, but CI was more optimal
in prone position than in supine position (prone-position–
beneficial group, 0.99±0.02 vs. 0.85±0.14, p < 0.001; supine-
position–beneficial group, 0.96±0.07 vs. 0.86±0.15, p=0.002)
(Table 3).

4. Normal organ sparing

Lung dose (Dmax, Dmean, and V5-V50) was substantially 
decreased in prone position than in supine position for both
prone and supine-position–beneficial groups, along with the
fact that absolute dose differences were considerably larger
in prone-position–beneficial group than in supine-position–

beneficial group (Table 3). Prone position for prone-position–
beneficial group significantly decreased the dose to heart and
LADCA (Dmax, Dmean, and V5-V50). On the other hand, prone
position for supine-position–beneficial group significantly 
increased the heart dose (Dmean and V5-V50) (Table 3). For
supine-position–beneficial group, prone position increased
V20, V30, and V40 of LADCA considerably, while Dmax, Dmean,
V5, V10, and V50 of LADCA were similar (Table 3). Fig. 2
showed dosimetric comparison of normal organs between
supine and prone position with isodose lines and dose vol-
ume histogram for a case with chest size of 84 cm and breast
volume in prone position of 302 mL (Fig. 2A) and a case with
chest size of 68 cm and breast volume in prone position of
462 mL (Fig. 2B). 

5. Patient motion

Comparisons of inter- and intra-fractional motions bet-
ween patients treated in supine and prone positions are 
depicted in Fig. 3. For interfractional movement, a total of
116 EPID images of prone position treatments and 74 images

Fig. 2.  Dosimetric comparison of organs at risk between supine and prone positioning with isodose lines and dose volume
histogram for a case with chest size of 84 cm and breast volume in prone position of 302 mL (A) and a case with chest size
of 68 cm and breast volume in prone position of 462 mL (B). The lung (blue), heart (red), and left anterior descending coronary
artery (LADCA, green) are delineated as organs at risk. CTV, clinical target volume.
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of supine position treatments were reviewed. The average of

setup variation was 3.57±3.56 mm in superior-inferior (SI) 

direction and 2.61±2.02 mm in anterior-posterior (AP) direc-

tion for prone position treatment and 1.35±1.05 mm in SI 

direction and 1.46±1.14 mm in AP direction for supine posi-

tion treatment. Intrafractional motion was assessed by

0.19±0.13 mm in SI direction and 0.48±0.32 mm in AP direc-

tion from 140 EPID cine images of prone position treatment

and 0.72±0.40 mm in SI direction and 0.86±0.49 mm in AP 

direction from 99 EPID images of supine position treatment.

Interfractional setup variation was larger in prone position

treatment (p < 0.001 for both SI and AP direction), whereas

motion during treatment was lager in supine position treat-

ment (p < 0.001 for both SI and AP direction).

Discussion

To save the heart for left breast cancer patients, several

techniques that displace the heart from the irradiation field

have been utilized, which include respiratory motion man-

agement (Breath hold) or patient positioning in prone or lat-

eral decubitus. Breath hold technique usually requires more

than twice as much treatment time as conventional RT, and

patients must control their own breathing, which is not fea-

sible in elderly patients or those with poor performance sta-

tus [14]. In case of lateral decubitus position, due to relatively

unstable posture, the reproducibility, which is one of the

most important challenges in RT, may be seriously degraded.

Even though the prone position may also be discomfort dur-

ing the treatment compared to the supine position, it is more

advantageous than the two methods mentioned above [13].

Prone breast RT has been known as effective for patients

with large pendulous breast, such as breast volume larger

than 750 mL or 1,000 mL [19,20]. As Asian women usually

have a smaller breast size, prone position was considered not

having dosimetric advantage to Asian breast cancer patients.

There were studies about the breast size, but they have not

involved such small breasts [22] or prone position did not 

reduce in-field heart volume statistically significantly in

women with breast size smaller than 750 mL [17]. Even in

Asian studies, patients with relatively large breast size were

evaluated for prone positioning [23,27]. However, this pro-

spective study enrolled by 50 patients with mean breast size

of 305 mL (in prone position) revealed that such small breast

size could also gain dosimetric benefit on heart and lung by

prone position while sustaining or even improving target

coverage. 

CTV breast volume of total 50 participants ranged 94.2 to

786.5 mL (median, 294.1 mL) in prone position and 95.3 to

605.6 mL (median, 269.3 mL) in supine position. Prone posi-

tion significantly increased the average CTV volume (304.8±

149.3 mL vs. 285.0±126.5 mL, p=0.001) in total patients, but

the average CTV volume was comparable between prone

and supine-position–beneficial groups (prone 291.6±122.2

mL vs. supine 323.0±182.0 mL, p=0.470). Prone-position–ben-

eficial group had CTV volume in prone position ranging

from 103.2 to 638.4 mL. Prone position increased the volume

of ipsilateral lung, and the relative lung volume change by

prone position was similar between prone and supine-posi-

tion–beneficial groups. Yet, the heart volume decreased in

prone position for total patients, but the relative heart vol-

ume change by prone position was greater in prone-position–

beneficial group than in supine-position–beneficial group

(but not statistically significant). However, we could not find

the relationship between dosimetric gain and patient char-

acteristics (breast or chest size) or volume change by prone

positioning. The certain optimal subgroup having definite

benefit by prone position was difficult to find probably due

to a small number of participant in this Phase II study and
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small range of patients’ breast size. Nevertheless, we could
find dosimetric advantage in prone breast RT for patients
having such small breast size even around 100 ml. A further
study with a larger number of patients will be needed to find
the ideal patient group who will have definite dosimetric
gain. This further study will allow us to identify the patient
for prone breast RT without two CT simulations for the com-
parison between supine and prone positions so as to avoid 
unnecessary radiation exposure to the patient.

Similar to earlier studies about prone breast RT [28,29], our
study also found that the treatment in prone position showed
larger interfractional motion but smaller intrafractional 
motion than the treatment in supine position. The patient's
breathing was restricted due to the compression of the chest
wall by lying on the prone breast board, so the intrafractional
motion was limited than the supine position. However, there
is no correlation between patient characteristics and the inter-
or intra-fractional motion. Among 32 patients having dosi-
metric benefit in prone position, three patients showed 
extremely unstable setup during the process for the localiza-
tion of treatment center before starting treatment, so physi-
cians reviewed their treatment plans whether there was a
critical clinical decision point and decided to treat them in
supine position. Due to the lack of resource in our institution,
we could utilize only EPID not cone-beam CT for these treat-
ments. So, we were able to check the patient setup in SI and
AP directions but not in lateral direction. The lateral setup of
the patient was confirmed by localizing laser and patient tat-

too and by checking the position of a marker attached to the
midline of the patient. We found that a few patients treated
in prone position, who enrolled in early-phase of this study,
experienced contralateral breast exposure, especially with
collimator rotation in the treatment parameter. So, we che-
cked whether radiation fields extended to the contralateral
breast with Gafchromic EBT3 film placed under the con-
tralateral breast of the patient in the first few sessions of treat-
ment. Also, we tried not to rotate the collimator in the treat-
ment plan for prone position. With these efforts, the con-
tralateral breast exposure problem was resolved.

In conclusion, prone breast RT could be beneficial to a sub-
set of small breast patients since it substantially spared nor-
mal organs while achieving adequate coverage of breast
tissue. We observed patient-specific and considerable inter-
fractional setup error, but it was not the extent to negatively
affect treatment quality of whole breast irradiation. Further
prospective study is required to validate the potential benefit
and the optimal patient group with prone breast RT.
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Purpose

A soft tissue sarcoma (STS) is a rare type of cancer, accounting for 1% of adult solid cancers.

The aim of the present study is to determine the incidence of localized and advanced STS

in Korean patients, their treatment patterns, and the survival of patients by disease status. 

Materials and Methods

The STS patient cohort was defined using National Health Insurance Service medical data

from 2002 to 2015. Incidence, distribution, anatomical location of tumors, survival rates

(Kaplan-Meyer survival function) and treatment patterns were analyzed by applying different

algorithms to the STS cohort containing localized and advanced STS cases.  

Results

A total of 7,813 patients were diagnosed with STS from 2007 to 2014, 4,307 were localized

STS and 3,506 advanced STS cases. The total incidence of STS was 2.49 per 100,000 per-

son-years: 1.37 per 100,000 person-years for localized STS and 1.12 per 100,000 person-

years for advanced STS. The 5-year survival rate after diagnosis was 56.4% for all STS,

82.4% for localized, and 27.2% for advanced STS. Half of the advanced STS patients

(49.98%) received anthracycline-containing chemotherapy as initial treatment after diag-

nosis.

Conclusion

This study provides insights into localized and advanced STS epidemiology, treatment pat-

terns and outcomes in Korea, which could be used as fundamental data in improving clinical

outcomes of STS patients in the future.
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Epidemiology, Korean population, Advanced soft tissue sarcoma, 
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Introduction

Soft tissue sarcoma (STS) refers to a rare cancer which 
accounts for 1% of all malignant tumors [1]. Risks for sar-
coma are not well understood and its development can be
divided into environmental exposures, genetic susceptibility,
and an interaction between the two [2]. The annual incidence
rate ranges from 1.8 to 5 cases per 100,000 persons worldwide
[1,3,4]. Every year, new cases reach an average of 12,310 in
the United States [5], 23,574 in the European Union [6], and
412 in Korea [7,8]. STS is a heterogeneous group of cancerous
tumors, comprised of more than 50 histological subtypes that
develop from soft tissues of the body (e.g., fat, muscles, nerve
tissues, deep skin tissues, visceral non-epithelial tissues) [9]
with distinct molecular subtypes [10].

The 5-year survival rate of STS patients is about 50%, with
high variability depending on factors such as stage, size, pri-
mary site, metastasis, and tissue type of tumors [4]. About
40% to 50% of STS patients experience metastasis [11]. In 
patients with localized STS, surgery is the standard treat-
ment, and radiotherapy and chemotherapy can be applied
before and after the surgery [3]. Chemotherapy and/or 
radiotherapy can be used as the first treatment for patients
not amenable to curative treatment with surgery. However,
treatment modalities for incurable patients are very limited.
Doxorubicin and ifosfamide are frequently used as first line
treatment, either as monotherapy or as combination therapy
[4,12]. Radiotherapy is also broadly used to treat metastatic
STS patients [4]. Individualized treatments for advanced STS
patients according to a variety of histologic and molecular
subtypes of this disease should be encouraged, and the
choice of chemotherapy should be adapted to the site of the
disease and subtype [13]. Little, however, is known about
real-world treatment patterns for advanced STS cancer. A
deeper understanding of currently used treatments is needed
to develop of new therapeutic protocols and treatment 
objectives.

The objectives of this study are to describe the incidence
of localized and advanced STS cases in Korea, to investigate
the epidemiological and clinical characteristics of STS pati-
ents, to analyze treatment patterns, and to estimate the sur-
vival rate of STS patients according to treatment type.

Materials and Methods

1. Data source

Medical data from the National Health Insurance Service
(NHIS) in Korea was used. In Korea, around 97% of citizens
are either national health insurance subscribers or depend-
ents, and the remaining 3% are medical aid beneficiaries. The
NHIS keeps the claim data of the entire Korean population,
consisting of around 50 million people. The Big Data Steering
Department was established in 2014 [14], which covers data
from 2002 to 2015 and includes the NHIS. The data extracted
for this research included patient information (age, sex),
treatment records, main/sub-disease codes (primary/sec-
ondary disease) and mortality. 

2. STS patient cohort definition 

To define the STS cohort, three inclusion/exclusion criteria
were applied: (1) all individuals with a first STS diagnoses
as main disease code or first sub-disease code from 2007 to
2014 who were 18 years of age or older at the time of diag-
nosis (STS Initial Cases) were included; (2) individuals with
a cancer diagnosis code in the previous 5-year period (2002-
2006) were excluded since they might have had multiple pri-
mary cancers or other primary cancers with metastases to
soft tissue; and (3) patients who survived more than 1 year
without any relevant surgery, radiotherapy and chemother-
apy records after first STS diagnosis were excluded. Some
10,091 patients were initially coded but finally excluded 
because they might be suspected to have sarcoma but this
was not confirmed by pathologic analysis or they might be
prevalent cases who had been diagnosed and treated before
the index period. The International Classification of Diseases,
10th revision (ICD-10) diagnosis codes used for STS diagno-
sis are listed in S1 Table. Patients with diagnostic codes C40
and C41 were not included in the STS patient cohort as these
codes were used both for chondrosarcoma and osseocarti-
laginous sarcoma, and therefore it was not possible to distin-
guish chondrosarcoma cases using these codes.

Subgroups were defined using an algorithm based on
treatment type (surgery, radiotherapy, chemotherapy), treat-
ment period and survival. The STS cohort was classified into
five subgroups: (1) patients who received only surgery
(surgery, OP), (2) patients who received only radiotherapy
(radiotherapy, RT), (3) patients who received surgery and
pre/postoperative treatment (Pre-OP/Post-OP), (4) patients
who received only chemotherapy with or without radiother-
apy (systemic treatment, CTx/CCRT), or (5) those who died
within a year of diagnosis (clinical deterioration < 1 year, CD)
regardless of treatments. Regarding the clinical deterioration
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CD-OP (n=327)

CD-RT (n=79)

CD-Pre/Post-OP (n=333)

CD-CTx/CCRT (n=299)

CD-No Tx (n=355)

Soft tissue sarcoma initial cases (n=27,098, annual avg. 3,387)

Soft tissue sarcoma cohort (n=7,813, annual avg. 977)

Surgery (OP)
n=2,569

(annual avg. 321)

Radiotherapy (RT)
n=471

(annual avg. 59)

Systemic therapy
(CTx/CCRT)

(annual avg. 82)

Post-Obs
n=52

(annual avg. 7)

Post-Txa)

n=60
(annual avg. 8)

Surgery with other
treatment
n=2,723

(annual avg. 340)

Preoperative treatment
(Pre-OP)
n=2,611

(annual avg. 326)

Postoperative treatment
(Post-OP)

n=112
(annual avg. 14)

Clinical deterioration (CD)
n=1,393

(annual avg. 174)

Exclusion criteria (n=19,285, annual avg. 2,411)
  Multiple primary cancer patients (n=9,194, annual avg. 1,149)
  No relevant treatment but survived over 1 year (n=10,091, annual avg. 1,262)
  Relevant treatment: relevant surgery, radiotherapy, or chemotherapy

Pre-Obs
n=1,215

(annual avg. 152)

Pre-Txa)

n=1,396
(annual avg. 175)

Pre-Sys CTx
n=189

Pre-Local Tx
n=1,207

*White shaded boxes refer to advanced STS patients

Post-Sys CTx
n=7

Post-Local Tx
n=53

Fig. 1. Taxonomy of soft tissue sarcoma (STS) patients by treatment patterns. Localized and advanced cases were defined

using a diagnostic algorithm. OP, only surgery; RT, only radiotherapy; Pre/Post-OP, surgery in combination with pre/post-

operative treatment; CTx/CCRT (systemic treatment), chemotherapy±radiotherapy; CD (clinical deterioration < 1 year), 

patients who died within a year of diagnosis; Pre-Obs, patients who received surgery with preoperative treatment followed

by observation; Pre-Tx, patients who received surgery with preoperative treatment followed by any treatment for cancer

(chemotherapy, radiotherapy or surgery) 1 year after the initial surgery; Pre-Sys CTx, patients who received surgery with

preoperative treatment followed by systemic chemotherapy 1 year after the initial surgery; Pre-Local Tx, patients who recei-

ved surgery with preoperative treatment followed by local treatments 1 year after the initial surgery; Post-Obs, patients who

received surgery with postoperative treatment followed by observation; Post-Tx, patients who received surgery with post-

operative treatment followed by any treatment for cancer (chemotherapy, radiotherapy or surgery) 1 year after the initial

surgery; Post-Sys CTx, patients who received surgery with postoperative treatment followed by systemic chemotherapy 1

year after the initial surgery; Post-Local Tx, patients who received surgery with postoperative treatment followed by local

treatments 1 year after the initial surgery; CD-OP, patients who received only surgery and died within a year of diagnosis;

CD-RT, patients who received only radiotherapy and died within a year of diagnosis; CD-Pre/Post-OP, patients who received

surgery with pre/postoperative treatment and died within a year of diagnosis; CD-CTx/CCRT, patients who received sys-

temic chemotherapy and/or radiotherapy and died within a year of diagnosis; CD-No Tx, patients who did not receive any

treatment and died within a year of diagnosis. a)1 Year; the 1-year period was chosen because in clinical practice adjuvant

therapy usually lasts about 1 year after surgery in Korea.
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group, those patients were separately categorized because it
was unclear whether mortality resulted from tumor progres-
sion or other causes. Pre-OP and Post-OP were subdivided
into the patients who received surgery with pre/postopera-
tive treatment followed by observation (Pre-Obs and Post-
Obs) or who received surgery with pre/postoperative treat-
ment followed by any treatment for cancer (chemotherapy,
radiotherapy or surgery) 1 year after the initial surgery (Pre-
Tx and Post-Tx). The 1-year period was chosen because in
clinical practice adjuvant therapy usually lasts about 1 year
after surgery in Korea. Pre-Tx and Post-Tx were subdivided
into patients who received a local treatment (Pre-Local Tx
and Post-Local Tx) and those who received systemic chemo-
therapy (Pre-Sys CTx and Post-Sys CTx).  

Overall, we defined localized STS as follows: only local
treatment (OP and RT), surgery combined with pre/postop-
erative treatment followed by observation (Pre-Obs and Post-
Obs). Advanced STS was defined as: only systemic treatment
after diagnosis (CTx/CCRT) and rapid clinical deterioration
within 1 year (CD), adding new treatment lasting longer 
(! 1 year) than usual adjuvant treatment (Pre-Tx and Post-
Tx).  

3. Statistical analysis 

Descriptive analyses were conducted on patient demo-
graphics and clinical characteristics/medical resources, as
well as treatment patterns. STS incidence was calculated for
100,000 people using mid-year Korean Statistical Information
Service [7] population data from 2007-2014. Anatomical loca-
tions of tumors based on ICD-10 codes were also analyzed.
Comorbidities were defined as diseases for which a claim
was made under the main or sub-disease code based on ICD-
10 codes related to the Charlson comorbidity index within
three years prior to the STS diagnosis. Treatment patterns
were analyzed based on the initial chemotherapy after diag-
nosis.

The survival curve was estimated using Kaplan-Meier
product-limit estimator method; median survival time and
5-year survival rate were calculated. The survival period of
STS patients is the period from the date of the first diagnosis
to the date of death. Patients were censored if they were still
alive at the end of the follow-up period (December 31, 2015). 

SAS ver. 9.2 (SAS Institute Inc., Cary, NC) was used for
data management, statistical analysis, and plotting results.

Table 1.  Baseline characteristics by subgroup

Variable Total STS Curable STS Advanced STS
(n=7,813) (n=4,307) (n=3,506)

Age (yr) 54.5±16.2 53.2±16.0 56.1±16.4                              
Median (min-max) 55 (18-101) 53 (18-97) 57 (18-101)

Distribution by age (yr)
18-29 648 (8.3) 377 (58.2) 271 (41.8)
30-39 807 (10.3) 504 (62.5) 303 (37.6)
40-49 1,433 (18.3) 883 (61.6) 550 (38.4)
50-59 1,777 (22.7) 972 (54.7) 805 (45.3)
60-69 1,537 (19.7) 771 (50.2) 766 (49.8)
! 70 1,611 (20.6) 800 (49.7) 811 (50.3)

Sex
Male 3,740 (47.9) 2,102 (56.2) 1,638 (43.8)
Female 4,073 (52.1) 2,205 (54.1) 1,868 (45.9)

Initial diagnosis setting
General hospital 7,354 (94.1) 4,060 (55.2) 3,294 (44.8)
Hospital 249 (3.2) 132 (53.0) 117 (47.0)
Clinic 209 (2.7) 115 (55.0) 94 (45.0)
Oriental clinic 1 (0.0) 0 ( 1 (0.0)

Comorbidities 504 (6.5) 224 (5.2) 280 (8.0)
Cardiovascular disease 24 (0.3) 10 (0.2) 14 (0.4)
Cerebrovascular disease 35 (0.5) 18 (0.4) 17 (0.5)
Diabetes 186 (2.4) 101 (2.4) 85 (2.4)
Liver disease 142 (1.8) 57 (1.3) 85 (2.4)
Others 129 (1.7) 46 (1.1) 83 (2.4)

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

The study was approved by the institutional review board
at Yonsei University Graduate of Public Health (IRB Num-
ber: 2-1040939-AB-N-01-2016-421-01). The informed consent
was waived as the NHIS database is anonymized in adher-
ence to strict confidentiality guidelines.

Results

1. Patient characteristics

During the 8-year study period, from 2007 to 2014, the STS
patient cohort was established with a total of 7,813 patients
(Fig. 1). The demographic characteristics of localized and 
advanced STS patients at the time of initial diagnosis are
shown in Table 1. The STS patients had an average initial 
diagnosis age (standard deviation) of 54.5±16.2 years. The
most populous age group was 50-59 years (22.7%), about half
were females (52.1%) and the initial diagnosis setting was a
general hospital (94.1%). The average age of the advanced
STS patients was 56.1±16.4 years, slightly higher than that of
the localized STS patients (53.2±16.0 years). The percentage
of advanced STS in the > 60 years age group was significantly
higher than that in the 18-59 years age group (p < 0.001).
More than 90% of both localized and advanced STS patient
groups were first diagnosed in a general hospital.

Only 504 out of 7,813 patients in the STS cohort had 
co-morbid conditions (6.5%): 224 in the localized STS patient
group (5.2%) and 280 in the advanced STS patient group
(8.0%), based on the Charlson comorbidity index (Table 1).
The most frequent co-morbidity among localized STS pati-
ents was diabetes (2.4%). For advanced STS patients, the
most common comorbidities were diabetes (2.4%) and liver
diseases (2.4%).

2. Incidence and distribution of STS patients

There were 3,506 patients with advanced STS (44.9%) and
4,307 patients with localized STS (55.1%) in the STS cohort
(Table 1). As sensitivity analyses, the numbers were recalcu-
lated using a 6- and 9-month period after the initial treatment
as the time to define a case of advanced STS if a new treat-
ment was received. The number of patients did not show a
significant change, with 49.49% of patients at 6 months and
46.81% of patients at 9 months. Annual incidence cases of 
advanced STS decreased from 459 in 2009 to 397 in 2014,
whereas that of localized STS increased steadily from 424 in
2009 to 743 in 2014, leading to the overall increase in annual

incidence cases of total STS (Fig. 2). Annual incidence cases
by modalities are shown in S2 Table. 

STS incidence was calculated for 100,000 people using mid-
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year Korean Statistical Information Service population data
from 2007-2014. The total incidence of STS in the Korean pop-
ulation was 2.49 per 100,000 person-years (Table 2). A higher
incidence was found in the “70 or older group” (5.64 per
100,000 person-years) and a lower incidence in the “18-29
group” (1.07 per 100,000 person-years). The incidence of 
localized STS was higher in all age groups, except in patients
of 70 years or older. STS incidence increased with age. Fur-
thermore, females showed a slightly higher incidence of total
STS (females 2.57 per 100,000 person-years vs. males 2.41 per
100,000 person-years), localized STS (females 1.39 per 100,000
person-years vs. males 1.36 per 100,000 person-years) and
advanced STS (females 1.18 per 100,000 person-years vs.
males 1.06 per 100,000 person-years) groups. 

If the incidence cases were analyzed by age and subgroup,
the proportion of localized STS was higher than that of 
advanced STS in all age subgroups except the “60-69” and
“70 or older” groups (Fig. 3). If the incidence rate of total STS
was analyzed by sex and age, the incidence rate of males was
higher than that of females in the “18-29,” “60-69,” and “70
or older” groups (Fig. 4). A similar trend was shown in 
localized STS. However, in advanced STS, the incidence rate
of males was higher than that of females in the “18-29,” “30-

39,” and “70 or older” groups (Table 2).

3. Anatomical locations of tumors in STS patients

Anatomical locations of tumors based on ICD-10 codes
were analyzed (Table 3). The main location for the total STS
group was in “other connective and soft tissues” (C49xx,
67.3%) and the second main location was in “retroperi-
toneum and peritoneum” (C48xx, 24.5%), while the remain-
ing locations (C47xx, C223, C224, and C542) represented
minor figures (< 10%). This distribution pattern was also 
observed in the localized STS group. However, the advanced
STS group showed that tumors were located in different
areas (C49xx, 58.6%; C48xx, 31.5%). 

4. Categorizing of STS patient cohort

The STS patient cohort contained localized STS and advan-
ced STS cases (shaded boxes in Fig. 1). The algorithm divided
the STS patient cohort into five different, mutually exclusive
groups, namely, patients with chemotherapy before or after
surgery (Pre-OP or Post-OP group, 2,723 patients; 34.9%), 
patients with only surgery (OP, 2,569 patients; 32.9%), pati-

Age group (yr)
Total STS Curable STS Advanced STS

Total Male Female Total Male Female Total Male Female
18-29 1.07 1.16 0.96 0.62 0.65 0.59 0.45 0.51 0.38
30-39 1.22 1.21 1.23 0.76 0.73 0.79 0.46 0.47 0.44
40-49 2.06 1.78 2.35 1.27 1.12 1.43 0.79 0.66 0.93
50-59 3.22 3.04 3.40 1.76 1.65 1.87 1.46 1.39 1.52
60-69 4.65 4.75 4.56 2.33 2.51 2.17 2.32 2.24 2.39
! 70 5.64 6.94 4.86 2.80 3.71 2.25 2.84 3.22 2.61
Total 2.49 2.41 2.57 1.37 1.36 1.39 1.12 1.06 1.18

STS, soft tissue sarcoma.

Table 2. STS incidence rate (per 100,000) by sex and age group

Table 3.  STS anatomical locations of tumor

ICD-10 code Total STS Curable STS Advanced STS
(n=7,813) (n=4,307) (n=3,506)

C49xx (other connective and soft tissues) 5,255 (67.3) 3,199 (74.3) 2,056 (58.6)                          
C48xx (retroperitoneum and peritoneum) 1,910 (24.5) 806 (18.7) 1,104 (31.5)
C47xx (peripheral nerves and autonomic nervous system) 338 (4.3) 191 (4.4) 147 (4.2)
C542 (myometrium) 303 (3.9) 160 (3.7) 143 (4.1)
C223 (hemangiosarcoma of liver, Kupffer cell sarcoma) 91 (1.2) 13 (0.3) 78 (2.2)
C224 (other liver sarcoma) 54 (0.7) 10 (0.2) 44 (1.3)

Values are presented as number (%). STS, soft tissue sarcoma; ICD-10, International Classification of Diseases, 10th revision.
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ents who died within 1 year of diagnosis due to clinical dete-

rioration (CD, 1,393 patients; 17.8%), patients who under-

went chemotherapy only or chemotherapy with radiother-

apy (systemic treatment group; CTx/CCRT, 657 patients;

8.4%), and patients who underwent only radiotherapy (RT,

471 patients; 6.0%). 

Pre-OP or Post-OP patients (34.9%) were further classified

into the advanced STS group if they received new treatments

(chemotherapy, radiotherapy or surgery) more than 1 year

after the initial surgery. Patients who were still under care 1

year after the initial surgery but in which only clinical obser-

vation was provided were categorized as localized STS. Pre-

OP or Post-OP patients were divided into patients who

received chemotherapy before (Pre-OP, 2,611 patients) or

after surgery (Post-OP, 112 patients). The number of patients

who received surgery and postoperative treatment and went

under observation without additional treatment was 52

(Post-Obs, 0.7%). The number of patients who were just 

observed with no additional treatment after preoperative

treatment and surgery was 1,215 (Pre-Obs, 15.6%) and the

number of patients who began a new treatment 1 year after

surgery and postoperative treatment was 60 (Post-Tx, 0.8%).

Of these, seven patients (Post-Sys CTx, 0.1%) were prescribed

chemotherapy as a new treatment 1 year after surgery, and

53 patients (Post-Local Tx, 0.7%) underwent local treatment

(surgery/surgery and radiotherapy). A total of 1,396 patients

received a new treatment 1 year after preoperative treatment

and surgery (Pre-Tx, 17.9%): in 189 of these, chemotherapy

was prescribed more than 1 year after surgery (Pre-Sys CTx,

2.4%), whereas 1,207 received a new local treatment (surgery/

surgery and radiotherapy) (Pre-Local Tx, 15.5%).

The CD group was defined as patients who died within 1

year of diagnosis due to rapid clinical deterioration (CD,

1,393 patients; 17.8%). The CD group was divided into five

subgroups according to treatment received: only surgery

(CD-OP, 327 patients; 4.2%), only radiotherapy (CD-RT, 79

patients; 1.0%), pre/postoperative treatment (CD-Pre/Post-

OP, 333 patients; 4.2%), systemic treatment (CD-CTx/CCRT,

299 patients; 3.8%), and patients with no treatment (CD-No

Tx, 355 patients; 4.5%).

5. Survival rates 

The survival curve of each patient group was estimated

using the Kaplan-Meier product-limit estimator method

from diagnosis to death (Fig. 5). The 5-year survival rate after

diagnosis was 56.4% in the total STS group, 82.5% in the loca-

lized STS group, and 27.2% in the advanced STS group. As

expected, the survival rate of advanced STS patients was

lower than that of localized STS patients. Median overall sur-

vival was 8 years in all patients but was only 1.76 years in

the advanced STS group, much shorter than in the localized

STS group (more than 50% of localized STS patients did not

die during the follow-up period, and the median overall sur-

vival was not reached).

When the CD group was re-classified according to the

treatment they received and then analyzed by treatment

modalities, the 5-year survival rates after diagnosis by treat-

ment were 74% for OP+CD-OP, 70.1% for RT+CD-RT, 53.1%

for Pre/Post-OP+CD-Pre/Post-OP, 28.6% for CTx/CCRT+

CD-CTx/CCRT and 0% for CD-No Tx. Advanced STS cases

from the ‘Pre/Post-OP group showed a lower survival rate

than the total Pre/Post-OP group and a higher rate than the

CTx/CCRT group. Median overall survival was 5.73 years

in ‘Pre/Post-OP+CD-Pre/Post-OP’ group, 1.85 years in ‘CTx/

CCRT+CD-CTx/CCRT’ group, and 0.24 years in ‘CD-No Tx’

group. Among the advanced STS, the median survival rate

of the ‘Pre/Post-Tx+CD-Pre/Post-OP’ group was longer

than that of the ‘CTx/CCRT+CD-CTx/CCRT’ group (3.43

years vs. 1.85 years) (Fig. 6). 

6. Analysis of chemotherapy patterns of advanced STS 
patients

Only the initial chemotherapy after diagnosis of the advan-

ced STS patients (n=3,506) in the STS cohort was analyzed.

In total, 2,299 of the advanced STS patients received at least

one chemotherapy treatment after diagnosis (65.6% of the
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STS advanced patient cohort); 657 were included in the
CTx/CCRT group (28.6%), 1,096 in the “Pre-Tx or Post-Tx”
group (47.7%), and 546 belonged to the CD group (23.8%)
(Table 4).

Of the advanced STS patients who underwent chemother-
apy, 1,149 were treated with anthracycline (50.0%). The
largest fraction of patients used doxorubicin plus ifosfamide
(458 patients, 19.9%), followed by paclitaxel (385 patients,
16.8%), others (372 patients, 16.2%), ifosfamide (336 patients,
14.6%), gemcitabine and/or docetaxel (56 patients, 2.4%),
and pazopanib (1 patient, 0.04%). When analyzing those 
patients who received anthracycline-containing chemother-
apy by year, the prevalence of patients receiving anthracy-
cline-containing chemotherapy in a neoadjuvant/adjuvant
or metastatic setting was 229 in 2012, 245 in 2013, and 243 in

2014 (S3 Table).
Among the advanced STS patient subgroups, the chemo-

therapy patterns were slightly different. All patients in the
CTx/CCRT group (657 patients) underwent chemotherapy
after diagnosis, and the most frequently used regimen was
paclitaxel (20.4%), doxorubicin plus ifosfamide (17.2%), and
ifosfamide (13.4%). Among the 1,456 patients in the Pre-Tx
and Post-Tx groups, 1,096 patients (75.3%) received chemo-
therapy at least once after diagnosis. In this group, doxoru-
bicin plus ifosfamide was most frequently used (22.3%),
followed by ifosfamide (15.8%), paclitaxel (14.9%), and
MAID (mesna, doxorubicin, ifosfamide, dacarbazine) regi-
men (12.1%). In the CD group, the percentage of patients
who received doxorubicin plus ifosfamide was 18.5%, 16.1%
received paclitaxel, and 13.7% received ifosfamide. The Pre-
Tx and Post-Tx group had the largest proportion of patients
who received anthracycline-containing chemotherapy (55.9%),
and the lowest number was in the CTx/CCRT group (42.0%).

Discussion

This study, based on the analyses of the NHIS in Korea,
found that about 977 patients are diagnosed with STS every
year in Korea, 45% with advanced STS. The total incidence
of STS has been estimated at 2.49 per 100,000 person-years,
while it stands at 1.37 per 100,000 person-years for localized
STS and 1.12 per 100,000 person-years for advanced STS. The
5-year survival rate was 82.4% for localized STS cases and
27.2% for advanced cases. Almost one out of five patients
(18%) died within 1 year of diagnosis. Most other patients
(32.9% of total) were treated solely with surgery. The first-
line chemotherapy pattern of advanced STS patients after 
diagnosis was anthracycline-containing therapy in about
50% of the cases, followed by paclitaxel (16.8%), ifosfamide
(14.6%), gemcitabine or docetaxel (2.4%), and pazopanib
(0.04%).  

The average age of patients with clinically advanced STS
in our study was 56.1 years, and 53.2 years for localized STS
patients. These figures are slightly lower than those reported
by the Japanese registry (58.3) [15], the Surveillance, Epi-
demiology, and End Results report  (SEER, 58 years) [16] and
for a French cohort (61.5) [17]. Our study showed that the
proportion of patients in the age category 20-40 was 18.6%;
this was higher than in other solid tumors (lung, 1%; liver
cancer, 2%; gastric cancer, 3%; colorectal cancer, 3%; and
breast cancer, 10%). Furthermore, the proportion of patients
with comorbidities in this study (6.4%) was lower than those
reported by Kang et al. (12.9%) [8] and Maretty-Nielsen et al.
(25%) [18]. This might be due to the nature of the data; while
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Fig. 6.  Kaplan-Meier curve of overall survival by treat-
ment modalities in advanced soft tissue sarcoma (STS).
The cases of CD (clinical deterioration < 1 year) were inclu-
ded in the relevant groups according to the modalities.
‘With surgery’ (n=1,789)=‘Pre-Tx’ (n=1,396)+‘Post-Tx’ (n=
60)+‘CD-Pre/Post-OP’ (n=333). ‘Without surgery’ (n=956)
=‘CTx/CCRT’ (n=657)+‘CD-CTx/CCRT’ (n=299). OP, only
surgery; CTx/CCRT, chemotherapy±radiotherapy; Pre-
Tx, patients who received surgery with preoperative treat-
ment followed by any treatment for cancer (chemothe-
rapy, radiotherapy, or surgery) 1 year after the initial sur-
gery; Post-Tx, patients who received surgery with postop-
erative treatment followed by any treatment for cancer
(chemotherapy, radiotherapy, or surgery) 1 year after the
initial surgery; CTx/CCRT, patients who received only
chemotherapy with or without radiotherapy.
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our study is based on claim data, the Kang et al. [8] and
Maretty-Nielsen et al.'s [18] studies were based on medical
chart reviews of patients who underwent surgery for extrem-
ity STS and cancer registry analysis, respectively. 

The total incidence of STS in our analyses of Korea (2.49
per 100,000 person-years) is within the reported incidences.
The incidence is lower when compared with the incidence
rates of some countries or regions, for example the United
States (4.2 per 100,000 person-years) [19], Europe (4.7 per
100,000 person-years) [6], Ireland (4.48 per 100,000 person-
years) [20] and the United Kingdom (4.51 per 100,000 per-
son-years) [21]. However, the incidence is higher than the
incidence rate reported for Sweden (1.8 per 100,000 person-
years) [22] and Beijing (1.15 per 100,000 person-years) [23].
The incidence rates in our study are also higher than the 
estimated rate for Korea in the report by the International
Association of Cancer Registries in five continents. The esti-
mated incidence from 2003 to 2007 was 1.6 per 100,000 per-
son-years in males and 1.2 per 100,000 person-years in
females [24]. However, this last report only includes ICD-10

diagnosis C47 and C49, and they do not report C48, C223,
C224, or C542 cases. As a matter of fact, some of the discrep-
ancies in the incidence of STS across countries are due to the
different diagnoses included in these studies. Bearing this in
mind, it would be advisable to reach consensus on the estab-
lishment of consistent codes for STS to enable international
comparisons. Our results showed that, after 2010, the inci-
dence of localized STS increased more steeply than that of
advanced STS. A possible explanation may be the early detec-
tion of cancer due to technological advances in imaging such
as positron emission tomography and abdominopelvic com-
puted tomography. Additionally, active workup of other dis-
eases such as gastric cancer or colorectal cancer might have
contributed to earlier detection of STS, even when asympto-
matic. 

Regarding anatomical location at the time of diagnosis, the
advanced STS ratios at C47 and C49 were 43% and 39%, res-
pectively, while the advanced STS ratio at C48 was 58%. C47
and C49 are associated with extremity STS, and early detec-
tion and treatment are relatively easy, whereas C48 is located

Table 4.  Initial chemotherapy treatment for advanced STS patients

Chemotherapy Advanced STS CTx/CCRT
Post-Tx or    

CD
Pre-Txa)

Total cohort 3,506 ( 657 ( 1,456 ( 1,393 (
Systemic therapy cohort 2,299 (100) 657 (100) 1,096 (100) 546 (100)
Anthracycline-containing regimen 1,149 (50.0) 276 (42.0) 613 (55.9) 260 (47.6)

Doxorubicin monotherapy 249 (10.8) 60 (9.1) 127 (11.6) 62 (11.4)
Epirubicin monotherapy 4 (0.2) 2 (0.3) 1 (0.1) 1 (0.2)
Doxorubicin+ifosfamide 458 (19.9) 113 (17.2) 244 (22.3) 101 (18.5)
Epirubicin+ifosfamide 21 (0.9) 6 (0.9) 8 (0.7) 7 (1.3)
CYVADIC regimen 109 (4.7) 21 (3.2) 64 (5.8) 24 (4.4)
MAID regimen 215 (9.4) 36 (5.5) 133 (12.1) 46 (8.4)
Other doxorubicin-containing 93 (4.1) 38 (5.8) 36 (3.3) 19 (3.5)

Ifosfamide 336 (14.6) 88 (13.4) 173 (15.8) 75 (13.7)
Paclitaxel 385 (16.8) 134 (20.4) 163 (14.9) 88 (16.1)
Gemcitabine and/or docetaxel 56 (2.4) 21 (3.2) 20 (1.8) 15 (2.8)
Pazopanib 1 (0.0) 0 ( 0 ( 1 (0.2)
Others 372 (16.2) 138 (21.0) 127 (11.6) 107 (19.6)

Values are presented as number (%). More than two were prescribed out: CYVADIC regimen, cyclophosphamide, vincristine,
dacarbazine; MAID, In the case of prescribing one of (1) doxorubicin and dacarbazine, (2) ifosfamide and dacarbazine, or (3)
doxorubicin and ifosfamide and dacarbazine. STS, soft tissue sarcoma; CTx/CCRT, patients who received only chemotherapy
with or without radiotherapy; Post-Tx, patients who received surgery with preoperative treatment followed by any treatment
for cancer (chemotherapy, radiotherapy or surgery); Pre-Tx, patients who received surgery with postoperative treatment
followed by any treatment for cancer (chemotherapy, radiotherapy or surgery); Post-Sys CTx, Post-Tx patients who received
systemic chemotherapy; Pre-Sys CTx, Pre-Tx patients who received systemic chemotherapy. a)Among Post-Sys CTx or Pre-
Sys CTx patients, frequency of medication used as first line: doxorubicin monotherapy 19 patients, doxorubicin and ifos-
famide 45 patients, epirubicin and ifosfamide 1 patient, CYVADIC regimen 11 patients, MAID regimen 23 patients, other
doxorubicin containing 9 patients, ifosfamide 24 patients, paclitaxel 34 patients, gemcitabine or doxetaxel 4 patients, others
26 patients. 
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in the peritoneum or retroperitoneum, which makes early
detection difficult, and even if it is found, surgical treatment
options are limited. Thus, clinical characteristics might 
explain the relatively higher ratio of advanced STS at C48. 

The overall 5-year survival rate of the STS patient cohort
after diagnosis was 56.4%, which was similar to that reported
by other countries: Ireland (56%, 1994-2011) [20] and the
United Kingdom (55%, 2006-2010) [21]; close to the European
average (57.8%, 2000-2002) [6] but lower than in the United
States (65%, 2006-2012) [25] and Japan (77.5%, 2006-2012)
[15]. It should be noted that the Japanese study reported dis-
ease-specific survival rates. Considering its definition, in gen-
eral, the disease-specific survival rate is higher than the
overall survival rate. The overall 5-year survival rate accord-
ing to disease status was 82.5% in localized STS and 27.2%
in advanced STS. This is comparable to the 83% for localized
sarcoma and 16% for distant sarcoma reported in the United
States, according to the SEER data [16]. The median overall
survival rate of the total STS group was 8 years whereas it
was 1.76 years for the group with advanced STS. This low
median overall survival rate for advanced STS was similar
to rates reported in previous studies (i.e., 1.17, Germany;
1.50, France, and 1.69, the United Kingdom) [17,26,27]. It sug-
gests that advanced STS is a serious disease and that new
treatment methods to improve the odds of survival are
greatly needed. 

The patterns of chemotherapy in advanced STS patients
were also analyzed. Of those with advanced STS, a total of
2,299 patients (65.6%) received chemotherapy. This was sig-
nificantly higher than the 26.1% reported in Japanese studies
[15]. Of the 2,299 patients who underwent chemotherapy,
41.6% (956 patients) received it in palliative settings, while
in the Japanese study this was 28.9%. The proportion of pati-
ents with metastatic disease at the time of diagnosis was sim-
ilar in Korea (12.2%) and Japan (11.4%). The proportion of
surgical treatment was 67.7% and 80.6%, respectively. Most
STS patients are treated by orthopedic surgeons in Japan and
this clinical practice situation might contribute to the differ-
ence in treatment pattern.

Anthracycline-based chemotherapy is recommended as a
standard-of-care in palliative settings in well-known guide-
lines such as the National Comprehensive Cancer Network
(NCCN) and the European Society of Medical Oncology
(ESMO). In this study, anthracycline-based chemotherapy
was the most frequent treatment for advanced STS (50%),
which is consistent with previous studies from other coun-
tries such as Germany, the United Kingdom and Australia
[26-28]. However, when analyzed by specific regimen, dox-
orubicin plus ifosfamide (AI) combination therapy was the
most frequently used, whereas doxorubicin monotherapy
was most frequently used in Germany, the United Kingdom,
and Australia [26-28]. Pazopanib and gemcitabine +/– doc-

etaxel use were only 0.04% and 2.44%, respectively, which is
much lower than in other countries. This might be because
pazopanib received national reimbursement approval in July
2013 and gemcitabine +/– docetaxel was only used in some
hospitals with pre-approval for off-label use of this regimen
in Korea. Regimens in the advanced STS subgroup showed
a higher percentage of AI, MAID, and CYVADIC regimen in
the Pre/Post-Tx subgroup compared with the CTx/CCRT
subgroup. Considering the fact that the Pre/Post-Tx group
consists of patients who could receive surgical resection at
the time of diagnosis, the clinical practice custom that com-
bination therapies with a higher response rate were preferred
may be reflected in this result. Compared with single-agent
chemotherapy, combination chemotherapy seems to work
well in terms of tumor response rate and progression-free
survival but there seems to be no difference in overall sur-
vival in other clinical trials [4,29]. In the clinical trial that com-
pared doxorubicin monotherapy with the combination of
“doxorubicin plus olaratumab,” the combined therapy demon-
strated a statistically significant improvement in overall sur-
vival, resulting in a 50% reduction of the hazard ratio [30]. 

Several limitations should be considered when evaluating
these results. First, as our study is based on claim data, the
limitation of all claim databases can be applied. Clinical data
were limited because the primary purpose of claim data is
reimbursement and not research. Consequently, localized/
advanced STS were distinguished based on the modalities
patients actually received rather than disease-stage informa-
tion. For example, we considered patients who received a
new treatment for longer than 1 year as advanced STS cases.
As most adjuvant chemotherapy and/or radiotherapy are
completed within 1 year and the majority of recurrence 
occurred before 1.5 years [31,32], patients with the long treat-
ment are likely to be the recurrent/relapsed cases. Further
study is needed through linkage with the Korean Central
Cancer Registry (KCCR) database that includes information
on histology and stage. Second, when comparing our results
with other studies, we should take into account that STS is a
heterogeneous group of tumors and there is lack of consis-
tency in classification and inclusion/exclusion criteria for
each country. Finally, our study excluded patients with mul-
tiple primary cancer, which might have led to a possible 
underestimation of STS incidence. 

To our knowledge, this is the first study conducted in Korea
to investigate STS epidemiological and clinical characteristics
and treatment patterns by analyzing the Korean NHIS Data-
base that covers almost the entire Korean population. These
results can be used as fundamental data to improve clinical
outcomes in Korean STS patients since they not only provide
information on current STS cancer incidence in Korea but
also on actual clinical practices.  
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Purpose

The association between tobacco smoking and thyroid cancer remains uncertain. We eval-

uated the associations of active and passive smoking with the risk of papillary thyroid cancer

(PTC), the most common type of thyroid cancer, and with the BRAFV600E mutation, the most

common oncogenic mutation in PTC related to poor prognosis. 

Materials and Methods

We conducted this study with newly diagnosed PTC patients (n=2,142) and community con-

trols (n=21,420) individually matched to cases for age and sex. Information on active and

passive smoking and potential confounders were obtained from structured questionnaires,

anthropometric measurements, and medical records. BRAFV600E mutation status was asse-

ssed in PTC patients. We evaluated the associations of active and passive smoking with

PTC and BRAFV600E mutation risk using conditional and unconditional logistic regression

models, respectively. 

Results

We did not find associations between exposure indices of active and passive smoking and

PTC risk in both men and women, except for the association between current smoking and

lower PTC risk. Cumulative smoking ! 20 pack-years was associated with lower BRAFV600E

mutation risk in male PTC patients (odds ratio [OR], 0.55; 95% confidence interval [CI], 0.30

to 1.00). The CI for the association was wider in female PTC patients (OR, 0.23; 95% CI,

0.02 to 2.62), possibly owing to a smaller sample size in this stratum.

Conclusion

We did not find consistent associations between active and passive smoking and PTC risk.

Cumulative smoking ! 20 pack-years was associated with lower BRAFV600E mutation risk in

male PTC patients.

Key words
Smoking, Passive smoking, Papillary thyroid cancer, 

BRAF mutation, Case-control studies, Case-only studies
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Introduction

The incidence of thyroid cancer has increased considerably
in many regions of the world [1], including the Republic of
Korea [2]. Previous studies reported that this increase cannot
be explained solely by the over-diagnosis of patients due to
the use of advanced diagnostic technologies (such as thyroid
ultrasonography) [3,4] and that thyroid cancer incidence has
truly increased [5].

Although tobacco smoking is an established risk factor for
several types of cancer, the association between tobacco
smoking and the risk of thyroid cancer remains unclear.
Some studies reported no associations between smoking and
thyroid cancer risk [6-9], while other studies demonstrated
inverse [10-15] or positive associations [16].
BRAFV600E mutation is the most common oncogenic muta-

tion in papillary thyroid cancer (PTC), the most common
type of thyroid cancer [17]. PTC patients with BRAFV600E

mutation have poor clinical outcomes and higher cancer-
related mortality compared with those without mutation
[18,19]. Despite the importance of BRAFV600E mutation in
oncogenesis and prognosis of PTC, to our knowledge, the 
association between tobacco smoking and BRAFV600E muta-
tion risk in PTC patients has not been investigated yet.

Most previous studies investigating the association bet-
ween tobacco smoking and thyroid cancer did not consider
passive smoking, resulting in the possibility of measurement
error and knowledge gap. Therefore, in the present study,
we investigated the associations of active and passive smok-
ing with PTC risk using case-control design, and with
BRAFV600E mutation risk using case-only design. We hypoth-
esized that active and passive smoking are associated with
higher risk of PTC and BRAFV600E mutation.

Materials and Methods

1. Study population

The cases were from the Thyroid Cancer Longitudinal
Study (T-CALOS) [20]. We defined the cases as histologically
confirmed incident PTC patients who underwent surgical
procedures at the Seoul National University Hospital 
between April 2010 and April 2014. Among a total of 2,682
thyroid cancer patients originally included in the T-CALOS,
2,529 patients (94.2%) were diagnosed as PTC, 134 patients
(5.0%) as follicular thyroid cancer, and 22 patients (0.8%) as
medullary thyroid cancer. Of the 2,529 PTC patients, we 
excluded 387 patients (15.3%) due to inadequate responses

in the questionnaire, leading to 2,142 cases in the final analy-
ses.

We selected controls from the Health Examinees (HEXA)
cohort whose baseline survey was conducted between 2004
and 2013. Detailed information on the HEXA cohort has been
presented elsewhere [21]. We used the HEXA cohort as a
source of control because population characteristics, year of
enrollment, contents of acquired information, and study pro-
tocols were comparable to T-CALOS. Among a total of
170,082 HEXA participants, we selected 156,844 participants
(92.2%) who had never been diagnosed with cancer or thy-
roid disease by a doctor. Thereafter, we selected controls 
individually matched to each case for age and sex, using SAS
macro GMATCH, which employs a greedy matching algo-
rithm to find the smallest variations in matching factors (age,
50.6 years for cases vs. 50.2 years for controls; proportion of
men, 19.5% for cases vs. 19.5% for controls). Cases and con-
trols were matched in a 1:10 ratio, resulting in 21,420 controls
in the final analyses. 

2. Data collection

At the time of enrollment of the T-CALOS or HEXA cohort,
participants underwent face-to-face interviews using a struc-
tured questionnaire to obtain information on sociodemo-
graphic characteristics, medical history, family history, life-
styles, diet, and reproductive factors. Anthropometric meas-
urements were conducted, and body mass index (BMI) was
calculated as weight (kg) divided by the square of height
(m2). Clinical information such as histologic type of thyroid
cancer was obtained from medical records by certified med-
ical record officers and endocrine surgeons.

Information on active smoking status (never, past, or cur-
rent), number of cigarettes smoked per day, duration of 
active smoking (years), and age at active smoking initiation
(years) was obtained using a structured questionnaire. The
cumulative smoking dose (pack-years) was calculated as the
number of packs (20 cigarettes/pack) per day multiplied by
the duration of active smoking (years). Information on cur-
rent exposure to passive smoking at home or workplace (yes
or no), passive smoking exposure time (minutes per day),
duration of passive smoking exposure (years), and age at
passive smoking exposure initiation (years) was also obtai-
ned using a structured questionnaire.

3. BRAFV600E mutation analysis

Detailed information on BRAFV600E mutation analysis has
been described elsewhere [22]. In brief, paraffin-embedded
primary tumor tissues obtained after thyroidectomy were
used to assess BRAF mutation status. The somatic mutation
BRAFV600E (T1799A transversion) involving BRAF exon 15

Kyoung-Nam Kim, Tobacco Smoking and Papillary Thyroid Cancer



was analyzed via DNA amplification by polymerase chain
reaction (PCR), purification of PCR products with QIAquick
PCR purification kit (Qiagen, Hilden, Germany), and direct
bidirectional DNA sequencing with ABI 3130XL Genetic 
Analyzer BigDye Terminator (Applied Biosystems, Foster
City, CA).

4. Statistical analysis

We performed chi-square tests to compare the baseline
characteristics between cases and controls. Among the vari-
ables that differed between cases and controls (p < 0.05), we
further selected variables which were also associated with
active or passive smoking (yes or no) (p < 0.05): educational
levels with high school graduation or more (no, yes, or 
unknown), marital status (single, married, or unknown), and
history of chronic diseases (hypertension or dyslipidemia).
We used these variables and age (year; unconditional logistic
regression), sex (unconditional logistic regression), and BMI
(< 25 kg/m2, ! 25 kg/m2, or unknown; conditional and 
unconditional logistic regression) as covariates in further
analyses. Although the controls selected from HEXA cohort
were individually matched to each case for age and sex, the
above-mentioned covariates could also confound the results.
Therefore, we included these covariates in all following 
analytical models to control potential confounding.

We used the following variables as exposure indices: active
smoking status (never, past, or current), cumulative smoking
dose (never, < 20 pack-years, ! 20 pack-years, or unknown),
age at active smoking initiation (never, < 20 years of age, 20-
24 years of age, ! 25 years of age, or unknown) as exposure
indices of active smoking; current exposure to passive smok-
ing (no or yes), exposure time to passive smoking (never, 
< 20 minutes/day, ! 20 minutes/day, or unknown), expo-
sure duration of passive smoking (never, < 10 years, ! 10
years, or unknown), and age at passive smoking exposure
initiation (never, < 31 years of age, ! 31 years of age, or 
unknown) as exposure indices of passive smoking.

To evaluate the associations between exposure indices of
active and passive smoking and PTC risk, we employed a
case-control study design with case and individually matched
control samples, conducting conditional logistic regression
adjusted for the above-mentioned covariates. Thereafter, we
stratified the analyses for the associations between exposure
indices of active smoking and PTC risk by the passive smok-
ing status (no exposure to passive smoking, exposure to pas-
sive smoking with childhood exposure, or exposure to
passive smoking without childhood exposure).

To assess the associations between exposure indices of 
active and passive smoking and BRAFV600E mutation status
in PTC patients, we employed a case-only study design with
PTC patients with BRAFV600E mutation and PTC patients with

BRAFV600E wild type, conducting unconditional logistic 
regression adjusted for the above-mentioned covariates. We
performed this analysis because investigation of the associa-
tions between tobacco smoking and BRAFV600E mutation sta-
tus may provide insights on the underlying molecular
mechanisms of epidemiological findings.

We restricted the analyses for the associations of exposure
indices of passive smoking with PTC and BRAFV600E mutation
risk to never-smokers, due to the possibility of measurement
error. We conducted all analyses stratified by sex, because
active and passive smoking and prevalence of PTC may dif-
fer by sex and the results may be confounded by sex. We per-
formed all statistical analyses with SAS ver. 9.4 (SAS Inc.,
Cary, NC).

5. Ethical statement

The present study was conducted in accordance with the
principles of the Declaration of Helsinki. All study partici-
pants provided written informed consent, and the Institu-
tional Review Board of Seoul National University Hospital
reviewed and approved the study protocol (No. C-1001-067-
307).

Results

Among a total of 2,142 cases (417 men and 1,725 women)
and 21,420 controls (4,170 men and 17,250 women), cases
were more likely to be unmarried (5.8% vs. 4.0%), have edu-
cational levels of high school graduation or more (83.9% vs.
75.1%), and have a previous history of hypertension (23.0%
vs. 16.6%) and dyslipidemia (16.5% vs. 10.3%) compared
with controls (Table 1).

We did not find any associations between exposure indices
of active and passive smoking (cumulative smoking dose,
age at active smoking initiation, current exposure to passive
smoking, exposure time to passive smoking, exposure dura-
tion of passive smoking, and age at passive smoking expo-
sure initiation) and PTC risk in both men and women, except
for the association between current smoking and PTC risk
(odds ratio [OR], 0.57; 95% confidence interval [CI], 0.43 to
0.76 for men; OR, 0.52; 95% CI, 0.35 to 0.78 for women) (Table 2).

When we stratified the analyses by the passive smoking
status, exposure indices such as current smoking, cumulative
smoking < 20 pack-years, and age at active smoking initia-
tion ! 25 years of age were associated with lower PTC risk
compared with never smoking in both men and women not
exposed to passive smoking (S1 Table).

When we evaluated the associations between smoking and
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BRAFV600E mutation in PTC patients, cumulative smoking 
! 20 pack-years was associated with lower BRAFV600E muta-
tion risk compared with never smoking in male PTC patients
(OR, 0.55; 95% CI, 0.30 to 1.00). In female PTC patients, point
estimate for the association between cumulative smoking 
! 20 pack-years and BRAFV600E mutation was also less than 1;
however, the CI was wider (OR, 0.23; 95% CI, 0.02 to 2.62),
possibly due to a smaller sample size in this stratum (n=3)
(Table 3).

Discussion

We did not find the associations between exposure indices
of active and passive smoking and PTC risk, except for the
association between current smoking and PTC. When we
evaluated the associations between smoking and BRAFV600E

mutation, higher cumulative smoking was associated with
lower BRAFV600E mutation in male PTC patients.

Current smoking was found to be associated with lower
PTC risk, although other exposure indices of active and pas-
sive smoking were not associated with PTC risk in the pres-
ent study. Based on our findings, we believe that active
smoking might be a more direct and important exposure
index associated with PTC risk, than past, cumulative, or
passive smoking. However, this observed association should
be interpreted cautiously due to the possibility of reverse
causality, because we could not determine the time patients
had quit smoking and categorize those who had quitting
smoking just before the diagnosis or surgery as a separate
group, due to the lack of relevant information. Information
on active smoking status was obtained upon enrollment.
PTC patients might have been more likely to quit smoking
than the control participants. In addition, the possibility that
the observed association might be due to random chance can-
not be ruled out, because we performed the analyses using
various exposure indices.

Although some previous studies reported inverse [10-15]
or positive associations between active smoking and thyroid
cancer risk [16], other studies demonstrated no associations
[6-9]. This inconsistency may be explained by differences in
accuracy of exposure measurement and outcome ascertain-
ment, heterogeneity of study population in terms of genetic,
social, and lifestyle factors, analytical models and adjusted
covariate sets, and random error.

Passive smoking is one of the potential sources of meas-
urement error of exposure, which might explain inconsistent
results of previous studies at least in part. However, there
have been limited number of studies exploring the associa-
tion between passive smoking and thyroid cancer risk. In a
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case-control study with 467 cases and 255 controls in the
United States, passive smoking was not associated with thy-
roid cancer risk [23]. However, a case-control study with 151
cases and 139 controls in the United States reported that
mothers of controls were more likely to be smokers than
mothers of cases [24].

In addition, in the present study, exposure indices such as
current smoking, cumulative smoking dose < 20 pack-years,
and age at active smoking initiation ! 25 years of age were
associated with lower PTC risk in participants not exposed
to passive smoking; however, these associations were not 
observed in participants exposed to passive smoking. To the

best of our knowledge, this is the first study reporting differ-
ent associations between active smoking and thyroid cancer
by passive smoking exposure. However, because informa-
tion on active and passive smoking was obtained using a
structured questionnaire and, therefore, may not be precise,
further thorough investigations on the potential effects of
passive smoking on thyroid cancer are warranted to confirm
the results.

Genetic difference between study populations might also
explain inconsistent results of previous studies at least in
part. In the present study, higher cumulative smoking was
associated with lower BRAFV600E mutation in male PTC pati-

Men Women

Cases/Controls OR (95% CI) Cases/Controls OR (95% CI)

Active smoking (total) 417/4,170 1,725/17,250
Active smoking status

Never 122/1,115 1.00 ( 1,664/16,515 1.00 (
Past 202/1,598 1.15 (0.91-1.47) 36/250 1.27 (0.88-1.82)
Current 93/1,457 0.57 (0.43-0.76) 25/475 0.52 (0.35-0.78)

Cumulative smoking dose (pack-year)
Never 122/1,115 1.00 ( 1,664/16,515 1.00 (
< 20 150/1,720 0.80 (0.61-1.02) 43/662 0.64 (0.47-0.88)
! 20 125/1,307 0.87 (0.66-1.14) 11/63 1.73 (0.91-3.29)

Age at active smoking initiation (yr)
Never 122/1,115 1.00 ( 1,664/16,515 1.00 (
! 25 32/440 0.64 (0.44-0.97) 25/468 0.53 (0.35-0.80)
< 25 259/2,611 0.91 (0.71-1.17) 32/265 1.17 (0.72-1.90)

Passive smoking (total)b) 122/1,115 1,664/16,515
Current exposure to passive smoking

No 99/915 1.00 ( 1,343/13,536 1.00 (
Yes 23/200 1.06 (0.64-1.75) 321/2,979 1.09 (0.95-1.24)

Exposure time to passive smoking (min/day)
No 99/915 1.00 ( 1,343/13,536 1.00 (
< 20 16/130 1.15 (0.65-2.01) 220/1,938 1.15 (0.97-1.35)
! 20 7/70 0.93 (0.38-2.09) 101/1,041 0.98 (0.79-1.21)

Exposure duration of passive smoking (yr)
No 99/915 1.00 ( 1,343/13,536 1.00 (
1-9 5/53 0.88 (0.34-2.24) 70/710 0.99 (0.76-1.31)
! 10 9/108 0.78 (0.38-1.58) 168/1,868 0.91 (0.77-1.08)

Age at passive smoking exposure initiation (yr)
No 99/915 1.00 ( 1,343/13,536 1.00 (
! 31 10/104 0.90 (0.45-1.77) 117/1,135 1.05 (0.88-1.32)
< 31 4/57 0.67 (0.19-2.40) 121/1,443 0.85 (0.68-1.05)

OR, odds ratio; CI, confidence interval. a)Conditional logistic regression models (matching variables: age and sex) adjusted
for body mass index, education, marital status, and history of chronic diseases were used to estimate the association between
active and passive smoking and papillary thyroid cancer risk, b)The analyses for the associations between passive smoking
and papillary thyroid cancer were conducted among never-smokers.

Table 2. Associationsa) between active and passive smoking and the risk of papillary thyroid cancer assessed using case-
control study design
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ents. Among patients with non-small-cell lung cancer,
BRAFV600E mutation was found to be more common in never-
smokers than current or ever-smokers, while BRAFNon-V600E

mutation was only found in current or ever-smokers [25].
However, among patients with colon cancer, active smoking
was associated with BRAFV600E mutation risk [26]. Although
tobacco smoking can reduce thyroid stimulating hormone
levels, which may lead to lower iodine uptake and subse-
quent lower BRAFV600E mutation risk [10,27-29], the biological
mechanisms underlying these results are still unclear. To our
knowledge, this is the first study reporting the association
between active smoking and lower BRAFV600E mutation risk

in PTC patients. As such, and since the biological mecha-
nisms and implications of these results are still unclear, fur-
ther studies are warranted.

The case-only design employed in the analyses regarding
BRAFV600E mutation can be used to estimate gene-environ-
ment interactions on a multiplicative scale in case genetic and
environmental factors are independent in the general popu-
lation [26,30]. BRAFV600E mutation is an oncogenic mutation
and, to the best of our knowledge, there have been no studies
directly investigating whether tobacco smoking would be 
associated with BRAFV600E mutation in the general popula-
tion. If we assume that active and passive smoking are not

Men Women

BRAFV600E BRAFWT OR (95% CI) BRAFV600E BRAFWT OR (95% CI)

Active smoking (total) 306 90 1,131 532
Active smoking status

Never 90 24 1.00 ( 1,094 512 1.00 (
Past 146 50 0.78 (0.45-1.35) 24 9 1.25 (0.58-2.70)
Current 70 16 1.17 (0.55-2.33) 13 11 0.55 (0.25-1.24)

Cumulative smoking dose (pack-year)
Never 90 24 1.00 ( 1,094 512 1.00 (
< 20 126 25 1.34 (0.71-2.52) 29 15 0.90 (0.44-1.79)
! 20 76 37 0.55 (0.30-1.00) 1 2 0.23 (0.02-2.61)

Age at active smoking initiation (yr)
Never 90 24 1.00 ( 1,094 512 1.00 (
! 25 72 10 1.92 (0.84-4.29) 22 8 1.28 (0.55-2.93)
< 25 136 52 0.71 (0.37-1.35) 12 11 0.51 (0.22-1.19)

Passive smoking (total)b) 90 24 1,094 512
Current exposure to passive smoking

No 65 18 1.00 ( 878 396 1.00 (
Yes 25 6 1.15 (0.41-3.25) 255 116 1.00 (0.79-1.30)

Exposure time to passive smoking (min/day)
No 65 18 1.00 ( 878 396 1.00 (
< 20 8 2 1.11 (0.20-5.70) 130 55 1.07 (0.74-1.53)
! 20 9 3 0.83 (0.20-3.39) 125 61 0.92 (0.65-1.31)

Exposure duration of passive smoking (yr)
No 65 18 1.00 ( 878 396 1.00 (
1-9 9 3 0.83 (0.15-3.59) 25 69 1.08 (0.65-1.79)
! 10 5 2 0.69 (0.12-3.87) 85 185 0.96 (0.72-1.30)

Age at passive smoking exposure initiation (yr)
No 65 18 1.00 ( 878 396 1.00 (
! 31 8 1 2.22 (0.26-18.90) 65 20 1.46 (0.88-2.45)
< 31 6 4 0.42 (0.08-2.22) 86 53 0.87 (0.59-1.26)

OR, odds ratio; CI, confidence interval; WT, wild type. a)Unconditional logistic regression models adjusted for age, sex, body
mass index, education, marital status, and history of chronic diseases were used to estimate the association between active
and passive smoking and papillary thyroid cancer risk, b)The analyses for the associations between passive smoking and
BRAFV600E mutation were conducted among never-smokers.

Table 3. Associationsa) between active and passive smoking and the risk of BRAFV600E mutation in papillary thyroid cancer
patients
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associated with BRAFV600E mutation status in the general pop-

ulation, the results of the present study suggest that interac-

tions between smoking and BRAFV600E mutation status on

PTC risk exist, and that the association between smoking and

PTC risk may differ by BRAFV600E mutation status, which

might explain the inconsistent results of previous studies. 

Because there is little evidence available, investigations using

general population samples are warranted to obtain further

insight on the potential gene-environment interactions.

There are some limitations to the present study. First, we

evaluated active and passive smoking at study enrollment

using structured questionnaires, instead of using biomarkers

such as urinary cotinine levels. However, urinary cotinine

levels may not be adequate to evaluate cumulative or past

smoking, because the average half-life of cotinine is reported

to be < 20 hours [31]. In addition, in the present study,

trained interviewers obtained information from participants

using a structured questionnaire following a standardized

protocol to minimize the possibility of exposure misclassifi-

cation. Second, thyroid cancer patients were recruited from

one hospital, which may lower the generalizability of the 

results. Third, we could not confirm that controls did not

have PTC with diagnostic tools such as thyroid ultrasonog-

raphy. Therefore, it is possible that a few subclinical PTC 

patients were assigned as controls, which may result in 

underestimation of the true associations. Fourth, although

we used large-scale data, some strata such as female PTC 

patients with cumulative smoking ! 20 pack-years still had

small sample size, lowering the power to test hypotheses.

Fifth, because we used various exposure indices, some 

observed associations might have occurred by random

chance. However, we presented all results analyzed under a

pre-established hypothesis, and therefore, did not adjust the

analyses for multiple comparison. Sixth, the information on

the time of quitting smoking was not available, leading to a

potential information bias and reverse causality regarding

the association between current smoking and lower PTC risk.

However, the present study has several strengths. First,

this is the first study to report the association between active

smoking and lower BRAFV600E mutation risk in PTC patients.

Second, we obtained detailed information on active smoking

behaviors, passive smoking exposure, and various potential

confounders. Third, we used large-scale data (2,142 cases and

21,420 controls) with a sufficient number of male PTC pati-

ents (n=417).

In conclusion, we did not find consistent associations 

between active and passive smoking and PTC risk. Higher

cumulative smoking was associated with lower BRAFV600E

mutation in male PTC patients. Because tobacco smoking can

increase the risk of various diseases including other types of

cancer, a comprehensive evaluation is needed before deriv-

ing clinical and public health implications from these results.
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Purpose
The aim of this study was to investigate epidemiology, clinical characteristics and sex dif-
ferences of patients with lung cancer using nationwide registry in Korea. 

Materials and Methods
The Korean Association for Lung Cancer developed a registry in cooperation with the Korean
Central Cancer Registry, and surveyed about 10% of lung cancer cases. For this first survey
of cases diagnosed in 2014, cases were selected through a systematic sampling method. 

Results
Total 2,621 lung cancer patients were surveyed, and the median patient age was 70 years.
During the study period, adenocarcinoma was the most frequent histologic type, the pro-
portion of female patients was 28.4%, and women had a better prognosis (median survival,
not reached vs. 13 months; p < 0.001) than did men for non-small cell lung cancer. The
proportion of never-smokers was 36.4%, and never-smoking was more prevalent in women
than in men (87.5 vs. 16.0%, p < 0.001). Epidermal growth factor receptor (EGFR) mutations
were found in 36.8% of stage IV adenocarcinoma patients, and higher in female compared
to male patients (51.2 vs. 26.6%, p < 0.001). In addition, patients with EGFR mutation
showed better survival (median survival, 18 months vs. 8 months; p < 0.001) than patients
without EGFR mutation in these patients.

Conclusion
This is the first survey to gather unbiased nationwide lung cancer statistics in Korea. More
than one-third of lung cancer patients had no smoking history. Female had a high proportion
of non-smoker, more adenocarcinoma with EGFR mutation and generally better prognosis
than male.
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Introduction

Lung cancer is a leading cause of cancer-related deaths
worldwide, including in South Korea [1]. Although smoking
is one of the most important risk factors for lung cancer, the
proportion of never-smokers with lung cancer is generally
higher in Asian than in Western populations [2,3]. In addi-
tion, mutations in the epidermal growth factor receptor

(EGFR) gene, which could be used as a therapeutic target, are
more frequent in Asian than in Western lung cancer patients
[4]. 

The first nationwide lung cancer survey in South Korea,
conducted by the Korean Academy of Tuberculosis and Res-
piratory Diseases in 1997 [5], found that squamous cell car-
cinoma was the most common histologic type. In contrast,
the second nationwide lung cancer survey, conducted by the
Korean Association for Lung Cancer in 2005 [6], found that
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adenocarcinoma was the leading histologic type and that
lack of symptoms was associated with favorable outcomes. 

Generally, female sex is a favorable prognostic factor for
lung cancer [7,8]. However, many of these studies were per-
formed in limited groups of patients with specific conditions,
such as non-small cell lung cancer (NSCLC) alone [9], or in
those treated with certain modalities [10]. 

To build an unbiased and informative lung cancer registry,
the Korean Association for Lung Cancer (KALC) developed
a registry (KALC-R) in cooperation with the Korean Central
Cancer Registry (KCCR), and surveyed about 10% of lung
cancer cases. This study investigated epidemiology, clinical
characteristics and sex differences in Korean lung cancer 
patients using data from the KALC-R of the year 2014.

Materials and Methods

1. Study populations and methods

In 2014, the KCCR registered 24,253 patients newly diag-
nosed with lung cancer. Among these patients, several pati-
ents were excluded with KCCR selection criteria (such as
excluding patients who enrolled more than one institution),

the total survey population was 21,960 patients. The final sur-
vey population comprised 13 regional cancer centers and 39
hospitals from which significant number of registrations
were made. Sample size in each hospital (cluster) was deter-
mined by selection probability based on the number of reg-
istration in each hospital. And patients of each hospital were
sorted by date of first diagnosis, sex, age, and Surveillance,
Epidemiology, and End Results program (SEER) summary
stage. Two thousand six hundred forty patients were selec-
ted from each of 52 hospitals using a systematic sampling
method [11]. In a process of survey, 19 patients with multiple
primary cancer were excluded. In conclusion, 2,621 patients
were analyzed in this paper.

A standardized protocol was used to collect data regarding
patient age, sex, body mass index (BMI), smoking history,
histopathologic tumor type, symptoms, performance status
(PS), Eastern Corporative Oncology Group (ECOG) score,
clinical stage (according to the seventh edition of the TNM
International Staging System), treatment modality, results of
molecular tests including EGFR mutation and anaplastic
lymphoma kinase (ALK) translocation, and survival status.
We defined ever-smokers those with any history of smoking
prior to index lung cancer and never-smokers as those with
no smoking history. Information such as BMI and PS was 
obtained in the initial date of visit at the time of diagnosis.
Patients were followed up until December 2017. 

Table 1.  Comparison of sex and age category between survey population and sample

Values are presented as number (%).

Survey population Sample p-value
No. of patients 21,960 ( 2,621 (
Male sex 15,500 (70.6) 1,876 (71.6) 0.291
Age category (yr) (total patients)

< 40 245 (1.1) 29 (1.1) 0.524
40-50 926 (4.2) 121 (4.6)
50-60 3,416 (15.6) 424 (16.2)
60-70 5,996 (27.3) 734 (28.0)
! 70 11,377 (51.8) 1,313 (50.1)

Age category (yr) (male patient)
< 40 119 (0.8) 15 (0.8) 0.563
40-50 511 (3.3) 72 (3.8)
50-60 2,204 (14.2) 283 (15.1)
60-70 4,487 (29.0) 542 (28.9)
! 70 8,179 (52.8) 964 (51.4)

Age category (yr) (female patient)
< 40 126 (2.0) 14 (1.9) 0.617
40-50 415 (6.4) 49 (6.6)
50-60 1,212 (18.8) 141 (18.9)
60-70 1,509 (23.4) 192 (25.8)
! 70 3,198 (49.5) 349 (46.9)
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Table 2.  Baseline characteristics of study patients in the year 2014

Values are presented as median (interquartile range), number (%), or mean±standard deviation. BMI, body mass index;
NSCLC, non-small cell lung cancer; RT, radiation therapy; CCRT, concurrent chemoradiation therapy; SCLC, small cell lung
cancer.

Total Men Women p-value

No. of patients 2,621 ( 1,876 (71.6) 745 (28.4)
Age (yr) 70 (61-76) 70 (62-76) 68 (58-75) 0.002
Ever-smoker (n=2,580) 1,641 (63.6) 1,549 (84.0) 92 (12.5) < 0.001
BMI (kg/m2) 22.9±3.6 22.7±3.5 23.6±3.7 < 0.001
Symptoms

Asymptomatic 360 (13.7) 239 (12.7) 121 (16.2) 0.019
Cough 922 (35.2) 689 (36.7) 233 (31.3) 0.008
Sputum 564 (21.5) 446 (23.8) 118 (15.8) < 0.001
Dyspnea 534 (20.4) 380 (20.3) 154 (20.7) 0.812
Hoarseness 46 (1.8) 40 (2.1) 6 (0.8) 0.020
Hemoptysis 157 (6.0) 139 (7.4) 18 (2.4) < 0.001
Weight loss 168 (6.4) 136 (7.2) 32 (4.3) 0.005
Pain 512 (19.5) 369 (19.7) 143 (19.2) 0.782

Histopathology

Adenocarcinoma 1,269 (48.4) 712 (38.0) 557 (74.8) < 0.001
Squamous cell carcinoma 654 (25.0) 597 (31.8) 57 (7.7) < 0.001
Small cell carcinoma 356 (13.6) 303 (16.2) 53 (7.1) < 0.001
Others 354 (13.5) 272 (14.5) 82 (11.0) 0.019

Performance status (n=1,873)

0-1 1,756 (93.8) 1,235 (93.2) 521 (95.1) 0.129
2-4 117 (6.2) 90 (6.8) 27 (4.9)

Clinical stage of NSCLC (n=2,234)

I 634 (28.4) 369 (23.8) 265 (38.7) < 0.001
II 190 (8.5) 146 (9.4) 44 (6.4)
III 405 (18.1) 331 (21.4) 74 (10.8)
IV 1,005 (45.0) 703 (45.4) 302 (44.1)

Initial treatment of NSCLC (n=2,265)

Surgery 851 (37.6) 536 (34.1) 315 (45.5) < 0.001
Surgery only 563 (66.2) 343 (64.0) 220 (69.8)
Surgery and adjuvant therapy 288 (33.8) 193 (36.0) 95 (30.2)

RT only 188 (8.3) 152 (9.7) 36 (5.2) < 0.001
CCRT 96 (4.2) 78 (5.0) 18 (2.6) 0.010
Chemotherapy 657 (29.0) 456 (29.0) 201 (29.0) 0.978
Best supportive care 289 (12.8) 222 (14.1) 67 (9.7) 0.004
Unknown 184 (8.1) 129 (8.2) 55 (7.9) 0.839

Clinical stage of SCLC (n=350)

Limited stage 128 (36.6) 109 (36.7) 19 (35.8) 0.906
Extensive stage 222 (63.4) 188 (63.3) 34 (64.2)

Initial treatment of SCLC (n=356)

Surgery 10 (2.8) 9 (3.0) 1 (1.9) 1.000
RT only 17 (4.8) 14 (4.6) 3 (5.7) 0.727
CCRT 55 (15.4) 46 (15.2) 9 (17.0) 0.738
Chemotherapy 213 (59.8) 186 (61.4) 27 (50.9) 0.153
Best supportive care 46 (12.9) 36 (11.9) 10 (18.9) 0.162
Unknown 15 (4.2) 12 (4.0) 3 (5.7) 0.570
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2. Statistical analysis

Continuous variables are expressed as mean±standard 
deviation (SD) or median (interquartile range [IQR]), and cat-
egorical variables as percentages. Continuous variables were
compared using a Mann-Whitney U test, and categorical
variables using chi-square or Fisher exact test, as appropriate.
Risk factors for mortality were analyzed using Cox propor-
tional hazards models. Variables with a p-value of < 0.20 on
univariate analysis were used in the multivariate analysis.
Survival was analyzed by the Kaplan-Meier method and
compared by log-rank tests. All p-values were two-tailed,
with statistical significance set at p < 0.05. All statistical
analyses were performed using SPSS ver. 20.0 (IBM Corp.,
Armonk, NY).

3. Ethical statement

The study protocol was reviewed and approved by the 
Institutional Review Board at the National Cancer Center
(NCC2018-0193), which waived the requirement for infor-
med consent due to the retrospective nature of the study.

Results

1. Patient characteristics 

A total of 2,621 lung cancer patients were enrolled at 52
sites in South Korea; there were no differences in sex and age
category between survey population and sample (Table 1).
Baseline characteristics of enrolled patients are shown in
Table 2. The median patient age was 70 years (IQR, 61 to 76
years), 71.6% were men (lower than that in previous studies
(79.3% in 1997 and 75.8% in 2005) and men were older than
women (median age, 70 years vs. 68 years; p=0.002). Smok-
ing history was significantly more frequent (84.0% vs. 12.5%,
p < 0.001) and mean BMI was significantly lower (22.7 kg/m2

vs. 23.6 kg/m2, p < 0.001) in men than in women. Of all 
patients, 13.7% were asymptomatic at the time of diagnosis,
with men being more likely to have symptoms such as cough,
sputum, hoarseness, hemoptysis, and weight loss, than
women. In case of histopathology, adenocarcinoma (48.4%)
was the leading subtype in total patients. While adenocarci-
noma was more common in woman (74.8% vs. 38.0%, p <
0.001) compared to male patients, squamous cell carcinoma
and small cell carcinoma were more common in male pati-
ents.

Among patients with NSCLC, 28.4% had stage I, 8.5% had
stage II, 18.1% had stage III, and 45.0% had stage IV disease.

The proportion of patients with stage I NSCLC was higher
in women (38.7%) than in men (23.8%), whereas the propor-
tion of patients with stage IV tumors was similar (44.1% vs.
45.4%). Among patients with NSCLC, 37.6% of patients recei-
ved surgery as the initial treatment, 29.0% were treated with
chemotherapy, 8.3% received radiation therapy, and 12.8%
received no specific anti-cancer treatment. Surgery was sig-
nificantly more frequent in women than in men (45.5% vs.
34.1%, p < 0.001), whereas radiation therapy (5.2% vs. 9.7%,
p < 0.001), concurrent chemoradiation therapy (2.6% vs. 5.0%,
p=0.010), and best supportive care (9.7% vs. 14.1%, p=0.004)
were significantly less frequent in women.

Among patients with small cell lung cancer (SCLC), 36.6%
had limited-stage and 63.4% had extensive-stage disease. 
Almost 60% of SCLC patients were treated with chemother-
apy as the initial treatment, 15.4% received concurrent
chemoradiation therapy, and 12.9% received no specific anti-
cancer treatment. There were no sex-associated differences
in clinical staging and initial treatment modalities in patients
with SCLC.

2. Patient characteristics by smoking history 

Among 2,580 patients with smoking history, 939 (36.4%)
were never-smokers. The comparison of characteristics bet-
ween ever-smokers and never-smokers is shown in Table 3.
The never-smoker group had fewer men (31.5% vs. 94.4%, p
< 0.001), and showed higher BMI (23.4 kg/m2 vs. 22.6 kg/m2,
p < 0.001) compared with the ever-smoker group. In addi-
tion, the never-smoker group included more asymptomatic
patients (16.7% vs. 12.2%, p=0.001), and had better PS than
did the ever-smoker group (p=0.045). Among patients with
NSCLC, the incidence of stage I disease was higher in never-
smokers (36.8%) than in ever-smokers (23.3%), whereas that
of stage IV disease was similar (45.5% vs. 44.2%). Among 
patients with SCLC, never-smokers had more extensive-stage
disease than did ever-smokers (75.9% vs. 60.8%, p=0.030).

Clinicopathologic characteristics of patients classified by
sex and smoking habits are shown in Table 4. Of the 2,580
patients with available smoking history, 43.3% smoked over
30 pack-years, 20.3% smoked less than 30 pack-years, and
36.4% were never-smokers. The proportions of women in
these three groups were 2.8%, 11.6%, and 68.5%, respectively.
There were no sex-associated differences in clinicopathologic
characteristics of patients who ever-smoked. However, assess-
ments of never-smokers showed that women were younger
(median, 68 years vs. 71 years; p=0.003), were more likely to
have adenocarcinoma histology (79.9% vs. 56.1%), and had
an earlier NSCLC clinical stage than did men.
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3. Prognostic factor and survival analysis 

The 2,265 NSCLC patients were followed up for a median
of 17 months (IQR, 5 to 32 months), during which 1,321 pati-
ents (58.3%) died. Univariate Cox analysis showed that old
age, male sex, ever-smoker status, low BMI, poor PS, higher
clinical stage, squamous cell carcinoma histology (compared
with adenocarcinoma), and non-surgical therapy or best sup-
portive care (compared with surgery) were significant pre-
dictors of mortality. On multivariate Cox analysis, these
clinical variables, except for ever-smoker and squamous cell
carcinoma histology, remained significant prognostic factors
(Table 5). Among NSCLC patients, median survival was sig-
nificantly longer for women than for men (not reached vs. 13
months, p < 0.001) (Fig. 1A) and survival significantly dif-
fered with clinical stage at diagnosis (Fig. 1B). 

The 356 SCLC patients were followed up for a median of 8
months (IQR, 2 to 16 months), during which 306 patients
(86.0%) died. Univariate and multivariate Cox analyses
showed that older age, lower BMI, poor PS, extensive stage,
and best supportive care were significant predictors of mor-

tality (Table 6). Although ever-smoker seemed to be a favor-
able prognostic factor on univariate analysis, ever-smokers
were younger and tended to have a more limited stage than
did never-smokers (S1 Table). Although median survival
was similar in men and women with SCLC (8 months vs. 8
months, p=0.785) (Fig. 1C), survival significantly differed
with clinical stage at diagnosis (Fig. 1D). 

4. Molecular profile and survival analysis among patients
with adenocarcinoma in the year 2014

Of the 571 patients diagnosed with stage IV adenocarci-
noma, 339 (59.4%) were men (Table 7). EGFRmutations were
analyzed in 496 (86.9%) patients, and 182 patients (36.8%)
had mutations. Although mutation frequency was signifi-
cantly higher in women than in men (51.2% vs. 26.6%, p <
0.001), the proportion of mutation-positive men and women
treated with a targeted agent did not differ. ALK transloca-
tion was analyzed in 109 patients and 15 patients (13.8%)
showed ALK translocation. Although translocation frequ-
ency was not different among women and men (15.7% vs.

Table 3.  Comparison of characteristics between ever-smoker and never-smoker participants

Values are presented as number (%), median (interquartile range), or mean±standard deviation. BMI, body mass index;
NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer.

Total Ever-smoker Never-smoker p-value
No. of patients 2,580 ( 1,641 (63.6) 939 (36.4)
Male sex 1,845 (71.5) 1,549 (94.4) 296 (31.5) < 0.001
Age (yr) 69 (61-76) 70 (62-76) 69 (59-76) 0.055
BMI (kg/m2) 22.9±3.5 22.6±3.5 23.4±3.6 < 0.001
Symptoms

Asymptomatic 357 (13.8) 200 (12.2) 157 (16.7) 0.001
Cough 913 (35.4) 630 (38.4) 283 (30.1) < 0.001
Sputum 557 (21.6) 407 (24.8) 150 (16.0) < 0.001
Dyspnea 527 (20.4) 358 (21.8) 169 (18.0) 0.021
Hoarseness 46 (1.8) 37 (2.3) 9 (1.0) 0.017
Hemoptysis 156 (6.0) 129 (7.9) 27 (2.9) < 0.001
Weight loss 167 (6.5) 128 (7.8) 39 (4.2) < 0.001
Pain 508 (19.7) 326 (19.9) 182 (19.4) 0.766

Performance status (n=1,857)
0-1 1,743 (93.9) 1,091 (93.0) 652 (95.3) 0.045
2-4 114 (6.1) 82 (7.0) 32 (4.7)

Clinical stage of NSCLC (n=2,201)
I 631 (28.7) 311 (23.3) 320 (36.8) < 0.001
II 187 (8.5) 127 (9.5) 60 (6.9)
III 399 (18.1) 305 (22.9) 94 (10.8)
IV 984 (44.7) 589 (44.2) 395 (45.5)

Clinical stage of SCLC (n=344)
Limited stage 126 (36.6) 112 (39.2) 14 (24.1) 0.030
Extensive stage 218 (63.4) 174 (60.8) 44 (75.9)
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12.1%, p=0.584), the proportion treated with a targeted agent

was higher in women than in men (75.0% vs. 14.3%, p=0.041).

Patients with stage IV adenocarcinoma were followed up

for a median of 10 months (IQR, 3 to 23 months), during

which 437 patients (76.5%) died. On univariate Cox analysis,

older age, male sex, ever-smoker status, lower BMI, and poor

PS were associated with mortality, and target driver muta-

tion (EGFRmutation and/or ALK translocation) was associ-

ated with a favorable outcome. On multivariate Cox analysis,

old age, low BMI, poor PS, and target driver mutation 

remained significant independent predictors of mortality 

(S2 Table). Women had improved survival (median 15 vs. 8

months, p < 0.001) (Fig. 2A) compared to men in patients

with stage IV adenocarcinoma. In addition, patients who har-

bored EGFRmutations showed better prognosis (18 months

vs. 8 months, p < 0.001) (Fig. 2B) than did patients without

EGFRmutations. Among patients with stage IV adenocarci-

noma and EGFR mutations, patients treated with a target

agent showed better prognosis (21 months vs. 13 months,

p=0.027) than those who were not treated.  

Discussion

Relative to patients of other ethnicities, Asians with lung

cancer have generally been reported to have a lower preva-

lence of smoking and a higher prevalence of tumor-associ-

ated EGFR mutations; these factors may be responsible for

the more favorable prognosis in Asians [12]. Our nationwide

survey, showing the clinical characteristics of lung cancer in

Ever-smoker Ever-smoker Never-smoker 

(! 30 pack years, n=1,116, 43.3%)     (< 30 pack years, n=525, 20.3%) (n=939, 36.4%)

Men Women p-value Men Women p-value Men Women p-value

No. of patients 1,085 (97.2) 31 (2.8) 464 (88.4) 61 (11.6) 296 (31.5) 643 (68.5)

Age (yr) 70 (63-75) 71 (64-82) 0.378 70 (59-76) 68 (58-78) 0.817 71 (63-77) 68 (58-75) 0.003

Age category (yr)

0-50 19 (1.8) 2 (6.5) 0.027 48 (10.3) 6 (9.8) 0.816 20 (6.8) 55 (8.6) 0.086

50-60 169 (15.6) 3 (9.7) 74 (15.9) 12 (19.7) 38 (12.8) 125 (19.4)

60-70 342 (31.5) 10 (32.3) 110 (23.7) 13 (21.3) 82 (27.7) 168 (26.1)

70-80 431 (39.7) 8 (25.8) 167 (36.0) 19 (31.1) 115 (38.9) 221 (34.4)

! 80 124 (11.4) 8 (25.8) 65 (14.0) 11 (18.0) 41 (13.9) 74 (11.5)

Performance status

0-1 727 (67.0) 18 (58.1) 0.106 302 (65.1) 44 (72.1) 0.356 194 (65.5) 464 (71.2) 0.172

2-4 51 (4.7) 4 (12.9) 23 (5.0) 4 (6.6) 13 (4.4) 19 (3.0)

Unknown 306 (28.3) 9 (29.0) 139 (30.0) 13 (21.3) 89 (30.1) 166 (25.8)

Histology

Adenocarcinoma 329 (30.3) 7 (22.6) 0.349 204 (44.4) 29 (47.5) 0.109 166 (56.1) 514 (79.9) < 0.001

Squamous cell carcinoma 387 (35.7) 11 (35.5) 134 (28.9) 16 (26.2) 64 (21.6) 27 (4.2)

Small cell lung cancer 216 (19.9) 10 (32.3) 54 (11.6) 12 (19.7) 28 (9.5) 30 (4.7)

Others 153 (14.1) 3 (9.7) 72 (15.5) 4 (6.6) 38 (12.8) 72 (11.2)

NSCLC stage

I 189 (21.7) 7 (33.3) 0.752 103 (25.1) 12 (24.5) 0.698 75 (28.0) 245 (40.0) 0.006

II 98 (11.3) 2 (9.5) 23 (5.6) 4 (8.2) 22 (8.2) 38 (6.2)

III 213 (24.5) 4 (19.0) 76 (18.5) 12 (24.5) 36 (13.4) 58 (9.5)

IV 356 (41.0) 8 (38.1) 204 (49.8) 21 (42.9) 129 (48.1) 266 (43.4)

Unknown 13 (1.5) 0 ( 4 (1.0) 0 ( 6 (2.2) 6 (1.0)

SCLC

Limited 87 (40.3) 4 (40.0) 0.908 14 (25.9) 7 (58.3) 0.085 7 (25.0) 7 (23.3) 0.882

Extensive 125 (57.9) 6 (60.0) 38 (70.4) 5 (41.7) 21 (75.0) 23 (76.7)

Unknown 4 (1.9) 0 ( 2 (3.7) 0 ( 0 ( 0 (

Values are presented as number (%) or median (interquartile range). NSCLC, non-small cell lung cancer; SCLC, small cell

lung cancer.

Table 4. Clinicopathologic characteristics of patients according to smoking frequency, stratified by sex (total=2,580)
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South Korea, yielded results comparable to those in other
studies of Asian patients. In contrast to prior nationwide sur-
veys in Korea, which was conducted by academic societies,
this is the first unbiased statistic data of Korean nationwide
lung cancer survey. 

Unbiased and reliable epidemiological data are important
to identify time trends in diseases and to establish govern-
ment policy. Although two previous nationwide surveys
were performed in South Korea, potential selection bias
could not be ruled out during registration of cases at the 
individual hospital level. Since all patients with confirmed
disease codes of C34 are registered in the KCCR, KCCR data
have the advantage of including nearly all lung cancer pati-
ents without selection bias. The KALC and KCCR have for-
mulated a lung cancer-specific registration system (KALC-R),
which has about 80 data fields for demographic data, symp-
toms, smoking history, histological findings, staging data,
molecular study results, and initial treatment details [13]. 
Recently, our group reported on a pilot survey of 489 patients
diagnosed with lung cancer in 2013 [14]; the demographic
characteristics were comparable with those from other stud-
ies based on the nationwide registry [15,16]. In the current
study, among 24,253 newly diagnosed lung cancer patients,
about 10% were surveyed from 52 hospitals by a systematic
sampling method, which helped eliminate potential bias in
sample selection. 

The epidemiology of lung cancer in South Korea have
changed over time, major recent changes in epidemiology
are summarized in S3 Fig. Compared to previous registry-
based studies, the incidence of adenocarcinoma increased
over the study period in both men and women. In 1997, 
although the most frequent histological type was squamous
cell carcinoma (44.7%), adenocarcinoma incidence has increa-
sed over time, and has been the most incident histologic type
since 2005. This observation may be explained by changes in
cigarette components as well as by risk factors not related to
smoking such as occupational risk and air pollution [17]. In
addition to changes in histologic type prevalence, the devel-
opment of screening methods such as low-dose chest com-
puted tomography have led to an increased incidence of
asymptomatic, early, and peripherally located cancers [18].
Thus, percutaneous lung biopsy has been most commonly
performed for tissue confirmation. Additionally, the frequent
use of positron emission tomography with computed tomog-
raphy (PET-CT) has resulted in increased proportions of 
patients with stage IV lung cancer. Moreover, the use of PET-
CT has made evaluation and characterization of the medi-
astinal lymph node more feasible; the endobronchial ultra-
sound-guided transbronchial needle aspiration has gained
popularity and is an important diagnostic tool, especially in
clinically evident N2 NSCLC [19]. 

Although smoking is one of the most important causes of

Univariate analysis Multivariate analysis

Hazard ratio 95% CI p-value Hazard ratio 95% CI p-value

Age 1.036 1.028-1.043 < 0.001 1.020 1.012-1.028 < 0.001
Male sex 2.112 1.788-2.494 < 0.001 1.704 1.326-2.182 < 0.001
Ever-smoker 1.772 1.572-2.056 < 0.001 1.038 0.829-1.298 0.747
BMI 0.895 0.876-0.915 < 0.001 0.954 0.930-0.979 < 0.001
Performance status

0-1 (ref) 1.000 1.000
2-4 3.166 2.453-4.085 < 0.001 1.410 1.012-1.964 0.042

Clinical stage

I (ref) 1.000 1.000
II 3.539 2.406-5.203 < 0.001 2.494 1.602-3.881 < 0.001
III 7.946 5.883-10.734 < 0.001 4.141 2.854-6.007 < 0.001
IV 13.634 10.330-17.994 < 0.001 6.972 4.861-9.999 < 0.001

Histology

Adenocarcinoma (ref) 1.000 1.000
Squamous cell carcinoma 1.833 1.575-2.133 < 0.001 1.187 0.994-1.430 0.053

Treatment

Surgery (ref) 1.000 1.000
Non-surgical treatment 6.516 5.364-7.916 < 0.001 2.214 1.711-2.864 < 0.001
Best supportive care 15.733 12.044-20.552 < 0.001 4.954 3.495-7.021 < 0.001

NSCLC, non-small cell lung cancer; CI, confidence interval; BMI, body mass index.

Table 5. Risk factors for mortality in patients with NSCLC assessed by Cox proportional hazards model
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Fig. 1.  Overall survival in patients with non-small cell lung cancer, according to sex (A) and clinical stage (B). Overall survival

in patients with small cell lung cancer, according to sex (C) and clinical stage (D).
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Univariate analysis Multivariate analysis

Hazard ratio 95% CI p-value Hazard ratio 95% CI p-value

Age 1.042 1.028-1.057 < 0.001 1.036 1.019-1.054 < 0.001

Male sex 1.045 0.754-1.448 0.793

Ever-smoker 0.705 0.518-0.959 0.026 0.867 0.588-1.280 0.473

BMI 0.910 0.877-0.945 < 0.001 0.938 0.901-0.977 0.002

Performance status

0-1 (ref) 1.000 1.000

2-4 3.106 1.947-4.955 < 0.001 2.436 1.379-4.305 0.002

Clinical stage

Limited (ref) 1.000 1.000

Extensive 2.262 1.762-2.903 < 0.001 2.331 1.719-3.160 < 0.001

Treatment

Anti-cancer treatment (ref) 1.000 1.000

Best supportive care 4.925 3.514-6.904 < 0.001 2.173 1.320-3.576 0.002

CI, confidence interval; BMI, body mass index.

Table 6. Risk factors for mortality in patients with small cell lung cancer assessed using Cox proportional hazards models
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lung cancer, the prevalence of cigarette smoking is decreas-
ing in Korea, according to the Korea National Health and
Nutrition Examination Survey [20]. In addition, the magni-
tude of the effect of smoking on lung cancer is smaller in
Asian than in Western populations, a phenomenon termed
the smoking paradox [21]. Asians are generally older at
smoking initiation than are Westerners, and prefer less toxic
or filtered tobacco. In contrast, the incidence of lung cancer
among never-smokers is higher in Asian populations [2]. 

Genetic differences such as higher EGFR gene mutation rates
in Asian populations and poor ventilation combined with the
use of coal may explain these findings [22]. Indeed, about
87.5% of women patients in this survey had no smoking his-
tory. Additional studies are required to determine the poten-
tial risk factors for lung cancer in never-smokers. 

Compared with previous registry-based studies, the inci-
dence of lung cancer in women was higher in this study.
Among patients with NSCLC, women had more favorable

Table 7.  Characteristics of patients with stage IV adenocarcinoma

Values are presented as median (interquartile range), number (%), or mean±standard deviation. BMI, body mass index;
EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase.

Total Men Women p-value
No. of patients 571 ( 339 (59.4) 232 (40.6)
Age (yr) 68 (58-76) 67 (58-74) 70 (57-76) 0.168
Ever-smoker (n=561) 272 (48.5) 255 (76.3) 17 (7.5) < 0.001
BMI (kg/m2) 22.6±3.3 22.4±3.3 22.9±3.3 0.060
Performance status (n=414)

0-1 386 (93.2) 227 (92.3) 159 (94.6) 0.346
2-4 28 (6.8) 19 (7.7) 9 (5.4)

EGFR mutation status (n=496)
Positive 182 (36.8) 77 (26.6) 105 (51.2) < 0.001
Negative 313 (63.2) 213 (73.4) 100 (48.8)

EGFR target agent usage
Yes 122 (67.0) 48 (62.3) 74 (70.5) 0.249
No 60 (33.0) 29 (37.7) 31 (29.5)

ALK translocation status (n=109)
Positive 15 (13.8) 7 (12.1) 8 (15.7) 0.584
Negative 94 (86.2) 51 (87.9) 43 (84.3)

ALK target agent usage
Yes 7 (46.7) 1 (14.3) 6 (75.0) 0.041
No 8 (53.3) 6 (85.7) 2 (25.0)

Fig. 2.  Overall survival in patients with stage IV adenocarcinoma, according to sex (A) and epidermal growth factor receptor
(EGFR) mutation (B). 
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outcomes than did men, in agreement with previous studies
showing better survival outcomes in women than in men
with lung cancer [9,23]. Generally, women are diagnosed
with lung cancer at a younger age and include a higher per-
centage of non-smokers, and both these factors are associated
with more favorable outcomes. These differences may partly
be due to differences in genetic background and hormonal
status [24], which affect susceptibility to carcinogens. In addi-
tion, because women are more likely to have adenocarci-
noma primarily located peripherally [25], the impact of early
diagnosis on survival may be greater in women than in men.
EGFR mutations are more frequent in women than in men
[26], which may contribute to survival advantages. Treat-
ment with targeted agents has been associated with favorable
outcomes in patients positive for EGFR mutations and may
contribute to the sex differences in survival [27]. However,
sex was not associated with survival in patients with SCLC,
in contrast to findings from studies in Western populations
[28,29]. Among the 356 SCLC patients, only 53 (14.9%) were
women. Although sex was not a prognostic factor with sta-
tistical significance in this small group of SCLC patients, 
additional studies in larger populations are needed to con-
firm this finding. 

Among patients with stage IV adenocarcinoma and tested
for EGFRmutation, 36.8% were positive for EGFRmutations.
EGFRmutations were more common in women than in men,
similar to the findings of previous studies in Asian popula-
tions [4]. Generally, compared to Western populations,
Asians show higher EGFR mutation rates; this may con-
tribute to the more favorable clinical outcomes observed in
Asians [30]. The present study found that target driver 
mutations including EGFRmutations were significant prog-
nostic factors, even after adjusting for other clinical variables.
Although EGFR tyrosine kinase inhibitors have shown effi-
cacy [27], EGFR mutation tests were not performed in all of
our patients, though it is possible that test data were not pro-
vided during this survey for some cases. However, physi-
cians should be aware of the need to test for EGFRmutations
in all patients with advanced adenocarcinoma.

This study had several limitations. First, the retrospective
study design resulted in an unavoidable deficiency of infor-
mation such as second-hand smoking status and risk factors
other than smoking. However, the strength of the study lies
in the unbiased sampling method used to sample a represen-
tative population of patients with lung cancer. Second, dis-
ease-free survival and progression-free survival rates, as well
as complete treatment modalities, could not be analyzed.
However, overall survival rate is an acceptable, clear-cut, and
important primary outcome. Finally, although the number
of patients in this study was relatively large, it was not ade-
quate to perform meaningful comparisons within subgroups
with specific conditions. However, we believe that the pres-

ent study will help in understanding the current trends in
the epidemiology of lung cancer and may serve as a reference
for future studies.

In conclusion, the evaluation of this unbiased nationwide
survey dataset revealed female had a high proportion of non-
smoker, more adenocarcinoma with EGFR mutation and
generally better prognosis than male. And more than one-
third of lung cancer patients had no smoking history. The 
results of this study show that the development of more 
effective early lung cancer screening and health insurance
programs for lung cancer are indicated. 

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 study was supported by the Health Promotion Fund, Min-
istry of Health & Welfare, Republic of Korea (1660680). The data
used for this study were provided by the KALC and the Ministry of
Health and Welfare, KCCR.

Author Details

Departments of 1Pulmonary and Critical Care Medicine and 2Oncol-
ogy, Asan Medical Center, University of Ulsan College of Medicine,
Seoul, 3Department of Internal Medicine, Daegu Catholic University
School of Medicine, Daegu, 4Department of Thoracic & Cardiovas-
cular Surgery, St. Vincent’s Hospital, College of Medicine, The Catho-
lic University of Korea, Suwon, 5Center for Lung Cancer, National
Cancer Center, Goyang, 6Division of Pulmonology, Department of
Internal Medicine, Chungnam National University, Daejeon, 7Depart-
ment of Medicine, Samsung Medical Center, Sungkyunkwan Uni-
versity, Seoul, 8Division of Pulmonology, Department of Internal
Medicine, The Cancer Research Institute, College of Medicine, The
Catholic University of Korea, Seoul, 9Department of Cardiothoracic
Surgery, Pusan National University Hospital, Busan, 10Department
of Pathology, Chonnam National University Medical School,
Gwangju, 11Department of Cancer Control and Population Health,
National Cancer Center Graduate School of Cancer Science and Pol-
icy, Goyang, 12Cancer Registration and Statistics Branch, National
Cancer Center, Goyang, 13Department of Internal Medicine, Chon-
nam National University Hwasun Hospital, Hwasun, 14Division of
Pulmonary and Critical Care Medicine, Department of Internal
Medicine, Chonnam National University Medical School, Gwangju,
Korea

Chang-Min Choi, Trend of Lung Cancer Epidemiology in South Korea

VOLUME 51 NUMBER 4 OCTOBER 2019 1409



1. 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.

2. Cho J, Choi SM, Lee J, Lee CH, Lee SM, Kim DW, et al. Pro-
portion and clinical features of never-smokers with non-small
cell lung cancer. Chin J Cancer. 2017;36:20.

3. Wakelee HA, Chang ET, Gomez SL, Keegan TH, Feskanich D,
Clarke CA, et al. Lung cancer incidence in never smokers. J
Clin Oncol. 2007;25:472-8.

4. Yatabe Y, Kerr KM, Utomo A, Rajadurai P, Tran VK, Du X, et
al. EGFR mutation testing practices within the Asia Pacific 
region: results of a multicenter diagnostic survey. J Thorac
Oncol. 2015;10:438-45.

5. Lee C, Kang KH, Koh Y, Chang J, Chung HS, Park SK, et al.
Characteristics of lung cancer in Korea, 1997. Lung Cancer.
2000;30:15-22.

6. In KH, Kwon YS, Oh IJ, Kim KS, Jung MH, Lee KH, et al. Lung
cancer patients who are asymptomatic at diagnosis show 
favorable prognosis: a Korean Lung Cancer Registry Study.
Lung Cancer. 2009;64:232-7.

7. Ferguson MK, Skosey C, Hoffman PC, Golomb HM. Sex-asso-
ciated differences in presentation and survival in patients with
lung cancer. J Clin Oncol. 1990;8:1402-7.

8. Visbal AL, Williams BA, Nichols FC 3rd, Marks RS, Jett JR,
Aubry MC, et al. Gender differences in non-small-cell lung
cancer survival: an analysis of 4,618 patients diagnosed bet-
ween 1997 and 2002. Ann Thorac Surg. 2004;78:209-15.

9. Sakurai H, Asamura H, Goya T, Eguchi K, Nakanishi Y, Sawa-
bata N, et al. Survival differences by gender for resected non-
small cell lung cancer: a retrospective analysis of 12,509 cases
in a Japanese Lung Cancer Registry study. J Thorac Oncol.
2010;5:1594-601.

10. Minami H, Yoshimura M, Miyamoto Y, Matsuoka H, Tsubota
N. Lung cancer in women: sex-associated differences in sur-
vival of patients undergoing resection for lung cancer. Chest.
2000;118:1603-9.

11. Black K. Business statistics for contemporary decision making.
Hoboken, NJ: John Wiley & Sons Inc.; 2004.

12. Calvo E, Baselga J. Ethnic differences in response to epidermal
growth factor receptor tyrosine kinase inhibitors. J Clin Oncol.
2006;24:2158-63.

13. Kim YC, Won YJ. The development of the Korean Lung Can-
cer Registry (KALC-R). Tuberc Respir Dis. 2019;82:91-3.

14. Kim HC, Jung CY, Cho DG, Jeon JH, Lee JE, Ahn JS, et al. Clin-
ical characteristics and prognostic factors of lung cancer in
Korea: a pilot study of data from the Korean Nationwide Lung
Cancer Registry. Tuberc Respir Dis. 2019;82:118-25.

15. Morgensztern D, Ng SH, Gao F, Govindan R. Trends in stage
distribution for patients with non-small cell lung cancer: a 
National Cancer Database survey. J Thorac Oncol. 2010;5:29-33.

16. Cheng TY, Cramb SM, Baade PD, Youlden DR, Nwogu C,
Reid ME. The international epidemiology of lung cancer: latest
trends, disparities, and tumor characteristics. J Thorac Oncol.

2016;11:1653-71.
17. Samet JM, Avila-Tang E, Boffetta P, Hannan LM, Olivo-

Marston S, Thun MJ, et al. Lung cancer in never smokers: clin-
ical epidemiology and environmental risk factors. Clin Cancer
Res. 2009;15:5626-45.

18. National Lung Screening Trial Research Team, Church TR,
Black WC, Aberle DR, Berg CD, Clingan KL, et al. Results of
initial low-dose computed tomographic screening for lung
cancer. N Engl J Med. 2013;368:1980-91.

19. Yoon HY, Lee JC, Kim SW, Kim HR, Kim YH, Choi SH, et al.
Prognosis of multi-level N2-positive non-small cell lung cancer
according to lymph node staging using endobronchial ultra-
sound-transbronchial biopsy. Thorac Cancer. 2018;9:684-92.

20. Holland AE, Spruit MA, Troosters T, Puhan MA, Pepin V,
Saey D, et al. An official European Respiratory Society/Amer-
ican Thoracic Society technical standard: field walking tests in
chronic respiratory disease. Eur Respir J. 2014;44:1428-46.

21. Jung KJ, Jeon C, Jee SH. The effect of smoking on lung cancer:
ethnic differences and the smoking paradox. Epidemiol
Health. 2016;38:e2016060.

22. Saito M, Shiraishi K, Kunitoh H, Takenoshita S, Yokota J,
Kohno T. Gene aberrations for precision medicine against lung
adenocarcinoma. Cancer Sci. 2016;107:713-20.

23. Pauk N, Kubik A, Zatloukal P, Krepela E. Lung cancer in
women. Lung Cancer. 2005;48:1-9.

24. Shriver SP, Bourdeau HA, Gubish CT, Tirpak DL, Davis AL,
Luketich JD, et al. Sex-specific expression of gastrin-releasing
peptide receptor: relationship to smoking history and risk of
lung cancer. J Natl Cancer Inst. 2000;92:24-33.

25. Sone S, Takashima S, Li F, Yang Z, Honda T, Maruyama Y, et
al. Mass screening for lung cancer with mobile spiral com-
puted tomography scanner. Lancet. 1998;351:1242-5.

26. Shigematsu H, Lin L, Takahashi T, Nomura M, Suzuki M, Wis-
tuba II, et al. Clinical and biological features associated with
epidermal growth factor receptor gene mutations in lung can-
cers. J Natl Cancer Inst. 2005;97:339-46.

27. Takano T, Fukui T, Ohe Y, Tsuta K, Yamamoto S, Nokihara H,
et al. EGFR mutations predict survival benefit from gefitinib
in patients with advanced lung adenocarcinoma: a historical
comparison of patients treated before and after gefitinib 
approval in Japan. J Clin Oncol. 2008;26:5589-95.

28. Johnson BE, Steinberg SM, Phelps R, Edison M, Veach SR, Ihde
DC. Female patients with small cell lung cancer live longer
than male patients. Am J Med. 1988;85:194-6.

29. Osterlind K, Andersen PK. Prognostic factors in small cell lung
cancer: multivariate model based on 778 patients treated with
chemotherapy with or without irradiation. Cancer Res. 1986;
46:4189-94.

30. Ahn MJ, Lee J, Park YH, Ahn JS, Ziogas A, Zell JA, et al. 
Korean ethnicity as compared with white ethnicity is an inde-
pendent favorable prognostic factor for overall survival in
non-small cell lung cancer before and after the oral epidermal
growth factor receptor tyrosine kinase inhibitor era. J Thorac
Oncol. 2010;5:1185-96.

References

1410 CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2019;51(4):1400-1410



1411│ 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(4):1411-1419

pISSN 1598-2998, eISSN 2005-9256

https://doi.org/10.4143/crt.2018.663

Open Access

The Use of CD44 Variant 9 and Ki-67 Combination Can Predicts 
Prognosis Better Than Their Single Use in Early Gastric Cancer

Original Article

Purpose

We previously demonstrated that CD44v9 and Ki-67 played an important role in predicting

poor prognosis of early gastric cancer (EGC). However, little is known about combined use

of both biomarkers as prognostic biomarker. The present study was performed to investigate

the significance of CD44v9 and Ki-67 expression as a combination biomarker for EGC.

Materials and Methods

With tissue microarray for 158 EGC tissues, we performed immunohistochemical staining

for CD44v9 and Ki-67. The whole patients were divided into three groups (group A, CD44v9-

negative/Ki-67–low; group B, neither group A or C; and group C, CD44v9-positive/Ki-67–

high). Its clinical significance was re-analyzed with adjustment via propensity score matching

(PSM). For validation, we performed bootstrap resampling.

Results

The median follow-up duration was 90.4 months (range, 3.7 to 120.4 months). In the com-

parison according to CD44v9/Ki-67 expression, the combined use of the two biomarker

clearly separated the three groups by 5-year survival rates (5-YSR, 96.3%, 89.8%, and 76.8%

in group A, B, and C, respectively; p=0.009). After PSM, 5-YSR were 97.7% and 76.8% in

group A+B and group C, respectively (p=0.002). Multivariable analysis demonstrated that

group C had independently poor prognosis (hazard ratio, 9.137; 95% confidence interval,

1.187 to 70.366; p=0.034) compared with group A. Bootstrap resampling internally vali-

dated this result (p=0.016).

Conclusion

This study suggests that both positive CD44v9 and high Ki-67 expression are associated

with poor prognosis in EGC, and the combined use of these markers provides better prog-

nostic stratification than the single use of them.

Key words
CD44v9 antigen, Ki-67 antigen, Stomach neoplasm, Prognosis
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Introduction

Notably, gastric cancer (GC) is the third leading cause of
cancer-related death worldwide [1] and the second cause of
cancer-related death in Korea [2,3]. Histologically, GC has
various histologic subtypes and heterogeneity. The cancer
heterogeneity can be an obstacle in finding out biomarkers
because of its large subgroup where the biomarker does not
play a role in predicting prognosis or treatment response,
which diminished the effect size [4,5]. Till now, pathologic
TNM stage has been still serving as one of the best prognostic
markers for GC. However, it is well-known that the progno-
sis varies in early GC (EGC); some of EGCs shows distant
metastasis right after radical resection. Therefore, finding out
a new biomarker is essential to predict prognosis of the GC
even in EGC.

Recently, we have reported that CD44 variant 9 (CD44v9)
and Ki-67 expression can serve as prognostic biomarkers in
EGC [4,5]. CD44v9, a variant major adhesion molecule for
the extracellular matrix (a surface receptor for hyaluronic
acid) [6] is highly expressed at stem cells in mouse gastric 
tumors [7], and abundantly expressed in epithelial-type car-
cinomas [8]. It has been implicated in cancer cell adhesion
[9], migration [10], and metastasis [11]. In addition, CD44v9
is associated with resistance to chemotherapy or radiother-
apy [8] by increasing reduced glutathione through activating
cystine-glutamate exchange transporter [12]. Ki-67 protein is
widely used as a biomarker for proliferation to determine 
benign, and malignant tumor, or histologic grade for malig-
nancy [13]. The expression increases in dividing cells and
reaches its peak in M phase [14], so the percentage of Ki-67–
expressing cells (Ki-67 labeling index) has been used as a
standard procedure to assess the proliferative activity of neo-
plastic cells [15,16]. In our previous study, each of the pro-
teins (CD44v9 and Ki-67) played an important role in
predicting poor prognosis of EGC [4,5]. However, in terms
of biological aspects for cancer, the functions of the two pro-
teins are different. CD44v9 is associated with stemness,
metastasis, and drug resistance [17-21], while Ki-67 is prolif-
eration and invasion [4,22]. We hypothesized that synergism
is expected when the two biomarkers reflecting different ac-
tivities are used together. In addition, little is known about
whether the combined use of the two biomarkers together
help to predict better prognosis of EGC than the single bio-
marker. Therefore, we conducted this study to determine
whether the combined use of CD44v9 and Ki-67 expression
serves as a better prognostic biomarker in EGC than does the
use of single one, either CD44v9 or Ki-67 expression.

Materials and Methods

1. Clinical specimens and patients

Tissue microarray samples were used; they contained 158
EGC and 162 advanced GC (AGC) tissues from the patients
with GC who had received radical gastric resection from
1999 to 2007. Tissue microarray samples were made as pre-
viously described [5]. Each tissue core contained the invasive
front of GC.

2. Immunohistochemical staining 

Immunohistochemical (IHC) staining was performed as
previously described [4,5]. Briefly, a 4-µm-thick paraffin-
embedded tissue microarray on each slide was treated for
epitope retrieval. The primary monoclonal antibodies spe-
cific to CD44v9 (kindly provided by Dr. Hideyuki Saya, dilu-
ted 1:10,000 to 0.1 µg/mL; Keio University School of Medi-
cine, Tokyo, Japan), and Ki-67 (1:2,000, DAKO, Tokyo, Japan)
were used. 3,3!-Diaminobenzidine was used for color devel-
opment and counterstained with hematoxylin. The IHC
staining was performed by an automatic staining machine
(BenchMark XT, Ventana, Tucson, AZ).

Antigen expression was scored by pathologists with the
following guideline and blindness to the clinical data of the
patients. The representative figures of CD44v9 and Ki-67
IHC staining are shown in S1 Fig. For CD44v9, the staining
intensity was considered as negative when less than 5% of
tumor cells were stained, and positive when 5% of tumor
cells or more were stained. For Ki-67, various cut-off values
have been proposed in previous studies for GC ranging from
1% to 53% [22]. Because there is no established cut-off value
for Ki-67, we used our previous definition that the staining
intensity was interpreted as low when less than 20% of tumor
cells were stained, and high when 20% of tumor cells or more
were stained [4]. The whole patients were divided into three
groups according to CD44v9 and Ki-67 expression for analy-
sis (group A, CD44v9-negative/Ki-67–low; group B, neither
group A or C; and group C, CD44v9-positive/Ki-67–high).
Histological type and tumor stage were classified according
to the World Health Organization (WHO) [23] and Lauren
classification [24], and the 8th edition of American Joint Com-
mittee on Cancer TNM system [25], respectively.

3. Statistical analysis

All statistical analyses were performed by STATA ver. 14.0
software (College Station, TX) and R ver. 3.4 software (R
Foundation for Statistical Computing, Vienna, Austria). A
two-sided p-value of < 0.05 was considered statistically sig-
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nificant. For categorical variables, chi-square, chi-square for
trend, and Fisher exact tests were used and Mann-Whitney
U and Kruskal-Wallis tests for continuous variables. The
overall survival (OS) was defined as the time from surgery
to death of any cause or last follow-up. Kaplan-Meier method
was used for survival plot and the difference was analyzed
by log-rank test. To identify independent prognostic factors,
we used Cox regression model, where all the variables mod-
erately associated with survival (p < 0.10) in the univariate
analyses were included. The final Cox model was internally
validated by bootstrap resampling (1,000 replications). To
compare the discriminatory power between CD44v9/Ki-67
and either CD44v9 or Ki-67 alone, the c-indices of each Cox

model including these markers were calculated. A c-index of
0.5 indicates random prediction, while a c-index of 1.0 means
perfect predictability. Additionally, we performed propen-
sity score matching (PSM) between group A+B and group C
to reduce selection bias. Age, sex, and potential predictors
for CD44v9/Ki-67 expression having p < 0.05 were included
in PSM.

4. Ethical statement

Authors were permitted to use these samples for this study
by Institutional Review Board of Gyeongsang National Uni-
versity Hospital (GNUHIRB-2009-19), which waived the 

Se-Il Go, CD44v9 and Ki-67 in Early Gastric Cancer

Table 1.  Baseline characteristics of early gastric cancer patients

Characteristic Group A Group B Group C p-value(n=32) (n=73) (n=53)
Age (yr) 61 (35-78) 65 (32-78) 66 (26-85) 0.183                       
Sex

Male 24 (75.0) 48 (65.8) 29 (54.7) 0.054
Female 8 (25.0) 25 (34.3) 24 (45.3)

Location
Upper 2 (6.3) 5 (6.9) 3 (5.7) 0.470
Middle 8 (25.0) 18 (24.7) 10 (18.9)
Lower 22 (68.8) 50 (68.5) 40 (75.5)

Operation
Subtotal gastrectomy 25 (78.1) 58 (79.5) 46 (86.8) 0.276
Total gastrectomy 4 (12.5) 11 (15.1) 4 (7.6)
Proximal gastrectomy 2 (6.3) 4 (5.5) 2 (3.8)
Wedge resection 1 (3.1) 0 ( 1 (1.9)

No. of lymph nodes dissection
< 15 8 (25.0) 13 (17.8) 15 (28.3) 0.561
! 15 24 (75.0) 60 (82.2) 38 (71.7)

Regional lymph node metastasis
Negative 30 (93.8) 65 (89.0) 47 (88.7) 0.495
Positive 2 (6.3) 8 (11.0) 6 (11.3)

TNM stage
I 31 (96.9) 72 (98.6) 50 (94.3) 0.402
II 1 (3.1) 1 (1.4) 3 (5.7)

Tumor size (cm) 2.2 (1.0-5.5) 2.5 (1.0-11.0) 2.5 (0.5-7.0) 0.354
WHO classification

Well-differentiated 8 (25.0) 20 (27.4) 21 (39.6) 0.004
Moderately-differentiated 7 (21.9) 24 (32.9) 22 (41.5)
Poorly-differentiated and othersa) 17 (53.1) 29 (39.7) 10 (18.9)

Lauren classification
Intestinal 20 (62.5) 56 (76.7) 47 (88.7) 0.007
Diffuse 10 (31.3) 15 (20.6) 3 (5.7)
Mixed 2 (6.3) 2 (2.7) 3 (5.7)

Values are presented as median (range) or number (%). WHO, World Health Organization. a)Undifferentiated and mucinous
adenocarcinoma, and signet-ring cell carcinoma were included.
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requirement for informed consent because of the retrospec-

tive nature of the study.

Results

1. Baseline characteristics of EGC patients

Baseline characteristics of 158 EGC patients are presented

in Table 1, showing that the median age at the time of sur-

gery was 65 years (range, 26 to 85 years) with a male pre-

Cancer Res Treat. 2019;51(4):1411-1419

Fig. 1.  Kaplan-Meier curves for overall survival according to CD44v9 and Ki-67 expression in early gastric cancer (EGC) 

patients. (A) Total. (B) Well-differentiated (W/D). (C) Moderately-differentiated (M/D). (D) Poorly-differentiated (P/D) and

others. (E) Intestinal type. (F) Diffuse/mixed type. Others indicate undifferentiated and mucinous adenocarcinoma, and

signet ring cell carcinoma.
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dominance (n=101, 63.9%). The most frequently performed
surgery was subtotal gastrectomy (n=129, 81.7%). Fifteen
lymph node or more were excised in 122 patients (77.2%). All
but five patients (96.8%) had stage I disease. The histologic
grade according to the WHO classification was evenly dis-
tributed, whereas the intestinal-type (n=123, 77.9%) was 
observed to be predominant according to the Lauren classi-
fication. No significant differences between groups have
been observed in demographics, surgery type, location,
lymph node metastasis, stage, and tumor size. However, the
histologic subtypes known to be associated with better prog-
nosis in GC (well-differentiated [W/D] histology and intes-

tinal type) were more frequently distributed in the following
order of groups C, B, and A (WHO classification, p=0.004;
Lauren classification, p=0.007).

2. The role of CD44v9/Ki-67 as a prognostic biomarker in
EGC

The median follow-up duration was 90.4 months (range,
3.7 to 120.4 months). In all EGC patients, 5-year survival rate
(5-YSR) was 86.7% (95% confidence interval [CI], 79.8 to
91.3). Based on CD44v9/Ki-67 expression, 5-YSR were 96.3%,
89.8%, and 76.8% in group A, B, and C, respectively (p=0.009)

Se-Il Go, CD44v9 and Ki-67 in Early Gastric Cancer

Table 2.  Baseline characteristics of early gastric cancer patients after propensity score matching (PSM)

Group A+B Group A+B Group C p-value (group p-value (group
(before PSM) (after PSM) (n=53) A+B vs. C A+B vs. C 

(n=105) (n=53) before PSM) after PSM)
Age (yr) 64 (32-78) 67 (32-77) 66 (26-85) 0.133 0.613                      
Sex

Male 72 (68.6) 32 (60.4) 29 (54.7) 0.087 0.556
Female 33 (31.4) 21 (39.6) 24 (45.3)

Location
Upper 7 (6.7) 2 (3.8) 3 (5.7) 0.660 0.821
Middle 26 (24.8) 12 (22.6) 10 (18.9)
Lower 72 (68.6) 39 (73.6) 40 (75.5)

Operation
Subtotal gastrectomy 83 (79.1) 42 (79.3) 46 (86.8) 0.553 0.753
Total gastrectomy 15 (14.3) 7 (13.2) 4 (7.6)
Proximal gastrectomy 6 (5.7) 3 (5.7) 2 (3.8)
Wedge resection 1 (1.0) 1 (1.9) 1 (1.9)

No. of lymph nodes dissection
< 15 21 (20.0) 12 (22.6) 15 (28.3) 0.240 0.504
! 15 84 (80.0) 41 (77.4) 38 (71.7)

Regional lymph node metastasis
Negative 95 (90.5) 47 (88.7) 47 (88.7) 0.724 > 0.990
Positive 10 (9.5) 6 (11.3) 6 (11.3)

TNM stage
I 103 (98.1) 52 (98.1) 50 (94.3) 0.335 0.618
II 2 (1.9) 1 (1.9) 3 (5.7)

Tumor size (cm) 2.5 (1.0-11.0) 2.5 (1.0-11.0) 2.5 (0.5-7.0) 0.368 0.484
WHO classification

Well-differentiated 28 (26.7) 25 (47.2) 21 (39.6) 0.008 0.478
Moderately-differentiated 31 (29.5) 16 (30.2) 22 (41.5)
Poorly-differentiated and othersa) 46 (43.8) 12 (22.6) 10 (18.9)

Lauren classification
Intestinal 76 (72.4) 47 (88.7) 47 (88.7) 0.018 0.472
Diffuse 25 (23.8) 5 (9.4) 3 (5.7)
Mixed 4 (3.8) 1 (1.9) 3 (5.7)

Values are presented as median (range) or number (%). WHO, World Health Organization. a)Undifferentiated and mucinous
adenocarcinoma, and signet-ring cell carcinoma were included.
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(Fig. 1A). In subgroup analyses, it was found that CD44v9/
Ki-67 expression played a role in predicting prognosis in
W/D histology of EGC (p=0.026), but not in other moder-
ately-differentiated (M/D) and poorly-differentiated (P/D)
histology of EGC (p=0.625 and p=0.095, respectively) 
(Fig. 1B-D). When CD44-v9/Ki-67 served as a prognostic fac-

tor in intestinal type of EGC (p=0.007) (Fig. 1E), but not in
diffuse/mixed type (p= 0.569) (Fig. 1F). After PSM between
group A+B and group C (n=106), there were no longer sig-
nificant differences in the patients’ characteristics (Table 2,
S2 Fig.). The 5-YSR adjusted with PSM were 97.7% and 76.8%
in group A+B and group C, respectively (p=0.002) (Fig. 2).

On univariate analyses, age ! 65, male sex, upper third 
location, lymph node metastasis, and group C were detected
as potential poor prognostic factors for OS. Among them,
male sex (hazard ratio [HR], 3.465; 95% CI, 1.135 to 10.584;
p=0.029) and group C (HR, 9.137; 95% CI, 1.187 to 70.366;
p=0.034) were independent prognostic factors for OS. Boot-
strap resampling internally validated this result (p=0.016)
(Table 3). The c-indices of multivariate Cox regression mod-
els including CD44v9/Ki-67, CD44v9, and Ki-67 variables
were 0.75 (95% CI, 0.67 to 0.83), 0.71 (95% CI, 0.61 to 0.81),
and 0.72 (95% CI, 0.63 to 0.81), respectively. These findings
suggest that combined use of both the biomarkers (CD44v9/
Ki-67) serves better as a prognostic biomarker for EGC than
the use of single biomarker, that is– either CD44v9 or Ki-67.

Cancer Res Treat. 2019;51(4):1411-1419

Univariate Multivariate

HR 95% CI p-value HR 95% CI p-value p-value 
(bootstrap)

Age (! 65 yr vs. < 65 yr) 2.178 0.932-5.092 0.072 1.913 0.794-4.607 0.148 0.153
Sex (male vs. female) 2.751 0.940-8.049 0.065 3.465 1.135-10.584 0.029 0.019
Location (upper vs. middle/lower) 2.999 1.023-8.793 0.045 1.560 0.461-5.274 0.475 0.540
Operation (subtotal gastrectomy vs. others) 1.164 0.435-3.119 0.762 - - - -
No. of lymph nodes dissection (< 15 vs. ! 15) 1.814 0.776-4.243 0.169 - - - -
Regional lymph node metastasis 2.962 1.004-8.744 0.049 2.609 0.744-9.143 0.134 0.183
(negative vs. positive)

Tumor size (! 4 cm vs. < 4 cm) 0.605 0.226-1.620 0.317 - - - -
WHO classification

Well-differentiated Reference
Moderately-differentiated 1.547 0.587-4.075 0.377 - - - -
Poorly-differentiated and othersa) 0.923 0.324-2.633 0.881 - - - -

Lauren classification 0.920 0.344-2.465 0.869 - - - -
(diffuse/mixed vs. intestinal)

CD44v9 and Ki-67
Group A Reference Reference
Group B 4.510 0.577-35.232 0.151 4.070 0.515-32.194 0.183 0.092
Group C 8.475 1.109-64.795 0.039 9.137 1.187-70.366 0.034 0.016

HR, hazard ratio; CI, confidence interval; WHO, World Health Organization. a)Undifferentiated and mucinous adenocarci-
noma, and signet-ring cell carcinoma were included.

Table 3. Cox regression for overall survival in early gastric cancer patients

Fig. 2.  Kaplan-Meier curves for overall survival according
to CD44v9 and Ki-67 expression in early gastric cancer
after propensity score matching.
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3. The role of CD44v9/Ki-67 as a prognostic biomarker in
AGC

Next, we assessed the role of CD44v9/Ki-67 in AGC pati-

ents (n=162). There were no differences in baseline charac-

teristics except age and Lauren classification (S3 Table). It

was revealed that CD44v9/Ki-67 did not serve as a prognos-

tic factor in this population (p=0.481) (Fig. 3A). In subgroup

analyses, it was found that CD44v9/Ki-67 expression did not

serve as a prognostic factor in W/D histology (p=0.166) as

well as in M/D and P/D histology (p=0.504 and p=0.896, 

respectively) (Fig. 3B-D). Similarly, there was no prognostic

value of CD44v9/Ki-67 expression in AGC regardless of Lau-

ren classification (Fig. 3E and F). These findings support that

CD44v9/Ki-67 played an important role in predicting prog-

nosis in EGC, but not in AGC.

Se-Il Go, CD44v9 and Ki-67 in Early Gastric Cancer

Fig. 3.  Kaplan-Meier curves for overall survival according to CD44v9 and Ki-67 expression in advanced gastric cancer (AGC)

patients. (A) Total. (B) Well-differentiated (W/D). (C) Moderately-differentiated (M/D). (D) Poorly-differentiated (P/D) and

others. (E) Intestinal type. (F) Diffuse/mixed type. Others indicate undifferentiated and mucinous adenocarcinoma, and

signet ring cell carcinoma.
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Discussion

This study was designed to determine whether the two

biomarkers, CD44v9 and Ki-67 serve better as a prognostic

factor in EGC than either any one of them. Hence, we com-

pared survivals among the three groups (negative/low, neg-

ative/high or positive/low, and positive/high for CD44v9

and Ki-67 expression) in EGC. It was found that the groups

of both up-regulated expression of CD44v9 and Ki-67 showed

the worst survival results among the three groups, and vali-

dated the results with bootstrap resampling.

The prognosis of cancer is largely determined by cancer

metastasis. Metastasis is determined by the activity of vari-

ous factors such as tumor growth, tissue adhesion, neovas-

cularization, immune evasion, and drug resistance. Aggres-

siveness of tumor is always challenging and could be repre-

sented by the rapid tumor cell proliferation and metastasis

capability in cancer. In search of biomarkers for the aggres-

siveness or metastasis, it has been reported that CD44v9

serves as stem cell, and metastasis biomarker [17-21], and 

Ki-67 represents as proliferation and invasion biomarker

[4,14,22]. Therefore, the use of a biomarker to evaluate each

of these factors can be more accurate in assessing the prog-

nosis than using a biomarker with a monopoly. The syner-

gism is expected when the two biomarkers reflecting diffe-

rent activities are used together for prognosis. This assump-

tion was confirmed in this study by showing that the EGC

expressing both high Ki-67 (proliferation biomarker) and

positive CD44v9 (stem cell, and metastasis biomarker) are

with the worst outcome and that the Cox regression model

including CD44v9/Ki-67 expression showed a higher dis-

criminating ability for survival compared with those includ-

ing either CD44v9 or Ki-67 expression alone. In addition,

multigene assays have been widely used as a guideline for

adjuvant chemotherapy for early breast cancer treatment

[26,27]. This study also confirm that the combined use of two

biomarkers serves as a significant prognostic factors only in

EGC but not in AGC although the combined use better pre-

dicts prognosis of GC than single use.

The limitation in this investigation is that we could not

clearly demonstrate the difference in role of CD44v9 and 

Ki-67 combination as a prognostic biomarker in M/D, and

P/D histologic subtype of EGC, which is presume to be due

to the small sample size. Previous studies reported that 

Ki-67 tended to better reflect the prognosis in the W/D his-

tologic type of EGC [4]. Moreover, histological observation

studies have revealed that, W/D type is predominant in EGC

of the elderly, while in AGC, predominant is mixed type

which is composed of W/D type in the superficial area, and

P/D type in the deeper area [28,29]. These findings suggest

that majority of intestinal type of AGCs are principally W/D

adenocarcinomas which have progressed to P/D adenocar-

cinomas as EGC progress to AGC. Taking into account this

fact, M/D and P/D histological subtype could be more het-

erogeneous than W/D type. In this context, there is a possi-

bility that CD44v9 and Ki-67 combination serves less as a

prognostic biomarker in M/D, and P/D histologic subtype

of EGC than in W/D histologic subtype of EGC. Therefore,

further larger research is warranted at this point.

The merit of this study is that we have applied two bio-

markers with different function at the same staged cancer,

which is making it more chance to avoid heterogeneity. Pre-

vious many studies investigated role of each of the biomark-

ers Ki-67, standard or variant of CD44 in the EGC or for

whole GC group including AGC [4,5,30-32]. In these studies,

the results in EGC was clear than the others. Secondly, we

had performed propensity-score matching analysis, and val-

idated the final results with bootstrap resampling to elimi-

nate hidden biases. The last point to emphasize is that this

study indicated that the prognosis of the patients with cancer

expressing both positive CD44v9 and high Ki-67 was as poor

as those with AGC, which suggests that these patients need

further treatment to reduce relapse of GC.

In conclusion, these results suggest that both positive

CD44v9 and high Ki-67 expression are associated with poor

prognosis in EGC, and the combined use of these markers

provides better prognostic stratification than the single use

of them.
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MiR-1246 Promotes Metastasis and Invasion of A549 Cells by 
Targeting GSK-3!–Mediated Wnt/!-Catenin Pathway 

Original Article

Purpose

MicroRNAs (miRNAs) are a group of small non-coding RNAs involved in different cancers,

including lung cancer. Here, we aim to investigate the expression profiles of circulating miR-

NAs and their roles contributed to the progress of lung cancer.  

Materials and Methods

The levels of circulating miRNA in lung cancer patients were investigated by miRNAs assay.

Then we predicted the target genes of aberrantly expressing miRNAs by searching genetic

databases. Based on the A549 cells transfected with miR-1246 mimics or miR-1246 

inhibitor, we further measured the roles of miR-1246 involving in the epithelial-mesenchymal

transition (EMT), migration and invasion capacities of lung cancer cells in vitro. Finally, we

detected the effects of miR-1246 on glycogen synthase kinase-3! (GSK-3!)/!-catenin path-

way by immunofluorescence and Western blot, respectively.

Results

We identified that 14 miRNAs were aberrantly expressed in the serum of lung cancer pati-

ents. Among them, miR-1246 was the most up-regulated. The cell assays indicated that

miR-1246 significantly increased the migration and invasion capabilities of A549 lung can-

cer cells. Meanwhile, immunofluorescence analysis revealed that miR-1246 promoted EMT

process of A549 cells accompanying with decreasing E-cadherin expression, while increas-

ing vimentin and transforming growth factor ! expression. Furthermore, an online tool pred-

icated that miR-1246 might bind to 3"-untranslated region of GSK-3!, which was confirmed

by overexpression and knockdown of miR-1246 assays. 

Conclusion

Taken together, the study illustrates that miR-1246 regulates Wnt/!-catenin pathway

through targeting GSK-3!/!-catenin, which partly contributing to tumor metastasis. MiR-

1246 may play an essential role in the diagnosis and therapeutic of lung cancer.

Key words
MiR-1246, Epithelial-mesenchymal transition, Metastasis, 

Glycogen synthase kinase 3!, !-catenin, Lung neoplasms
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Introduction

Lung cancer is the leading cause of cancer-related death in
the world. About 1.8 million people are diagnosed with lung
cancer each year, and the 5-year survival rate ranges about
4%-17% depending on stage and regional differences [1-3]. 
Despite rapid progresses have been made in the field of 
diagnostic technology and therapeutic methods, most of lung

cancer patients are still diagnosed at advanced stages with
poor prognosis. To date, there are limited drugs and thera-
peutic interventions for the majority of patients with lung
cancer. Metastasis is the main factor that results in the poor
prognosis of lung cancer patients [4,5]. Thus, there is an 
urgent requirement to identify novel biomarkers for early 
diagnosis and explore therapeutic strategies that can specif-
ically alleviate tumor burden, especially reduce metastasis,
prolong survival of lung cancer patients [5-8].
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Epithelial-mesenchymal transition (EMT) is a program of
transforming polarized epithelial cells into cells with mes-
enchymal phenotypes and functions, such as losing the abil-
ity of cell-cell adhesion and the phenotypes related to epi-
thelial cells, while increasing mesenchymal cell markers and
migratory capacity, resisting to apoptosis, producing extra-
cellular matrix components, etc. [9]. It is well known that
EMT plays important roles in a variety of biological pro-
cesses, for instance, embryonic development, organ forma-
tion, wound healing, and fibrosis. Recent studies in cancer
have revealed that initiation of metastasis requires invasion,
which is enabled by EMT, and loss of E-cadherin is consid-
ered to be a fundamental event in EMT [10,11]. 

MicroRNAs (miRNAs) are a group of small non-coding
single-stranded RNAs with approximately 20-23 nucleotides.
They are transcribed by RNA polymerase II and then cleaved
sequentially by Drosha and Dicer to form miRNA. Through
binding to 3' untranslated region (3'-UTR) of target mRNA,
miRNAs regulate post-transcriptional expression, account-
ing for multiple physiological processes like proliferation,
differentiation, and apoptosis [1,12]. 

Recently, studies have demonstrated that the miRNAs
were aberrantly expressed in tumor tissue and/or blood of 
patients with different tumors, including lung cancer [3,13,14].
More efforts have focused on miRNA as a crucial regulator
involved in Wnt/!-catenin, Notch and Hedgehog pathway,
etc. [15,16]. The Wnt signaling pathway has served as a crit-
ical regulator in lung development as well as physiological
and pathophysiological processes of adult lung [17,18]. 
!-Catenin is a key protein in Wnt/!-catenin signaling cas-
cades, and accounts for varying activities, including embry-
onic development, stem cell maintenance, tumorigenesis,
and metastasis. Glycogen synthase kinase-3! (GSK-3!) is a
negative regulator of Wnt/!-catenin signaling pathway,
which locates in the upstream of !-catenin, and inhibits its
excessive activation [19]. Otsuki et al. [11] reported that sup-
pressing GSK-3! could activate Wnt/!-catenin pathway,
then promote EMT and metastasis in lung cancer. Together,
these data show that aberrant expression of specific miRNAs
may act as biomarkers for diagnosis, prediction of prognosis,
and promising targeted therapeutic agents in lung cancer 
patients [14,18]. Although there are increasing studies on
miRNAs and lung cancer [2,3,20], to our knowledge, the level
of circulating miRNAs in clinical patients with lung cancer,
and the mechanism of altered circulating miRNAs on the car-
cinogenesis of lung cancer have not been well demonstrated.

In the present study, we investigated the expression profile
of circulating miRNAs in lung cancer patients, and then exp-
lored the roles of remarkably altered miR-1246 involving in
malignancy of lung cancer cells.

Materials and Methods

1. Patients and samples

In this study, we recruited 11 primary lung cancer patients
(which composed of 4 squamous carcinomas, 5 adenocarci-
nomas, and 2 small cell lung cancer cases) and five healthy
control individuals (not affected by lung diseases or any neo-
plastic disorder). The peripheral blood were collected from
lung cancer patients prior to therapeutic interventions (sur-
gery resection, chemotherapy, or radiotherapy). The final 
diagnosis of lung cancer was confirmed by pathological exa-
mination of surgical tumor resections. 

2. MiRNA assay 

MiRNA expression profiles in the serum of lung cancer 
patients and matched controls were determined by a high-
throughput real-time quantitative polymerase chain reaction
(RT-qPCR) after we sent the collected sera to Wcgene Biotech
Shanghai Company (Shanghai, China). Briefly, total RNAs
were isolated from 250 µL serum sample with 750 µL TRI-
ZOL LS Reagent (Invitrogen, Carlsbad, CA) and 1 µL (20 nM)
synthesized internal control 1 miRNA to homogenize sam-
ples and incubated for 5 minutes at room temperature. Sub-
sequently, 200 µL chloroform were added for separating
RNA. The purified RNAs were polyadenylated through a
poly(A) polymerase reaction and then reversed-transcribed
into cDNA. Individual miRNAs were quantified by qPCR
using gene-specific primers (10 µM) for the 36 miRNAs of 
interest. Detailed step-by-step protocols for RNA isolation,
first-strand cDNA synthesis and qPCR are available in the
Supplementary Material 1. The miRNA assay analysis was
carried out as details described on the website of Wcgene
(http://www.wcgene.com).

3. Cell culture and transfection

Non-small cell lung cancer (NSCLC) cell line A549 (lung
adenocarcinoma) was obtained from the China Center for
Type Culture Collection (CCTCC) (Wuhan, China). Cells
were maintained in Dulbecco's modified Eagle's medium
with 10% fetal bovine serum (FBS) (Invitrogen), 100 U/mL
penicillin, and 50 µg/mL streptomycin in an incubator at
37°C under humidified atmosphere containing 5% CO2. For
overexpression of miR-1246 assay, cells were transfected
with 100 pmoL of miR-1246 mimics (Gene Pharma, Shang-
hai, China) or negative control (NC) miRNA using Lipofect-
amine 2000 (Invitrogen, Thermo Scientific) according to the
manufacturer’s protocol. For knockdown assay, cells were
transfected with miR-1246 inhibitor or inhibitor negative
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control (Inh-NC). 

4. Cell migration and invasion assays

A549 cells were transfected with miR-1246 mimics or NC,
inhibitor, or Inh-NC for 48 hours. In the migration assay,
2!104 cells suspend in 200 µL serum-free medium were
added to the upper chamber of a Boyden transwell with 
8 µm pores (Costar #3422, Corning Incorporated, Corning,
NY). Subsequently, 500 µL medium with 10% FBS was filled
into the lower chamber. After incubation for 24 hours at 37°C
in a 5% CO2 humidified incubator, cells that did not migrate
through the pores and remained on the surface of upper
chamber membrane were gently removed by a wet cotton
wool. The cells invading the filters were fixed with 4% for-
maldehyde (Beyotime Biotechnology, Shanghai, China), and
then stained with 0.1% crystal violet solution (Beyotime Bio-
technology) for 30 minutes. For the invasion assay, the upper
chamber of transwell insert was first coated with Matrigel
Matrix (BD Biosciences, Franklin Lakes, NJ). Aside from 
incubating for 48 hours, the other procedures were similar
to those in migration assay. Images were captured with light
microscope (Olympus, Tokyo, Japan) and cell numbers were
counted in five randomly selected fields of each insert.

5. RT-qPCR assay

RT-qPCR assay was applied to evaluate the expression
level of mRNA related to the EMT program in A549 cells.
Total RNA was isolated from A549 cells with Trizol reagent
(Gibco, Rockville, MD), the concentration and purity of iso-
lated RNA were assessed at 260/280 nm by a nanodrop spec-
trophotometer (ND-2000, Thermo Fisher Scientific, Waltham,
MA). For cDNA synthesis, 1 µg RNA was reversely tran-
scribed in a 10 µL reaction mixture, containing 1 µL Prime-
Script RT enzyme mix, according to manufacturer’s instruc-
tions (TaKaRa, Otsu, Japan). Real-time PCR was conducted
in 20 µL reaction system including 1 µL of cDNA, 10 µL SYBR
Premix Ex Taq II (TaKaRa), 0.2 µL (10 µM) of both forward
and reverse primers. The PCR cycles were as follows: 95°C/
30 seconds, 40 cycles of 95°C/5 seconds, 60°C/30 seconds,
and the melt-curve analysis was carried out at the end of
each experiment to determine that a single product per
primer pair was amplified. The amplification and analysis
were performed using a StepOne Software v2.1 (ABI, Foster
City, CA). All qRT-PCR reactions were run in triplicate and
the relative expression levels of specific gene mRNA were
calculated by using the comparative threshold method
(2"!!Ct). Glyceraldehyde 3-phosphate dehydrogenase (GAP-
DH) was used as housekeeping gene. The primer sequences
used were as follows: E-cadherin primers, forward 5!-CT-
GCTCTTGCTGTTTCTTCGG-3!, reverse 5!-AAGTCAAAG-

TCCTGGTCCTCTTCTC-3!; vimentin primers, forward 5!-
CACCTTCGTGAATACCAAGACCTG-3!, reverse 5!-GAA-
ATCCTGCTCTCCTCGCC-3!; transforming growth factor "
(TGF-") primers, forward 5!-CGCCGCCTACTACTGTGA-
GG-3!, reverse 5!-GATGAA-GTGGACCAGCGTCTG-3!;
GAPDH primers, forward 5!-GGTAGTCTCCTAAGACTTC-
AA-3!, reverse 5!-CCACCCTGTTGCTGTAGCC-3!.

6. Immunofluorescence assay

A549 cells were cultured on the glass cover slips and then
transfected as the above stated. After incubation, cells were
fixed with 4% formaldehyde for 15 minutes at 4°C, perme-
abilized with 0.01% Triton X-100 for 5 minutes, and blocked
with 1% bovine serum albumin for 30 minutes at room tem-
perature. Then the prepared cells were incubated with the
primary antibody GSK-3" (#12456, 1:100, Cell Signaling
Technology, Danvers, MA), or "-catenin (#8814, 1:100, Cell
Signaling Technology) for 24 hours at 4°C. In the next day,
the cells were stained with isotype-specific secondary anti-
body (Alexa Fluor 594-AffiniPure donkey anti-rabbit IgG)
(Jackson ImmunoResearch, West Grove, PA) for 1 hour.
DAPI was used to label the nuclei. Following staining, back-
ground autofluorescence was quenched by bathing slides in
0.1% Sudan Black B Solution. The slides were mounted using
Prolong Gold (Invitrogen). Sections were visualized with a
A1R+ confocal microscope (Nikon Corporation, Tokyo,
Japan).

7. Western blot assay

Cells were lysed in RIPA buffer with complete protease 
inhibitor cocktail (Sigma, St. Louis, MO). The protein was
quantified using a BCA Protein Assay Kit (Shanghai ExCell
Biology, Inc., Shanghai, China). A total of 50 µg protein per
sample was subjected to 10% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis and then transferred onto
polyvinylidene difluoride membranes (Millipore, Billerica,
MA). After blocked in 5% non-fat milk in TBST (pH 7.4) for
1 hour at room temperature, each membrane was incubated
with primary antibodies GSK-3" (#12456, 1:1,000, Cell Sig-
naling Technology), "-catenin (#8814, 1:1,000, Cell Signaling
Technology), and "-actin (#4970L, 1:5,000, Cell Signaling
Technology) overnight at 4°C. Following incubation with the
specific secondary antibodies (peroxidase-conjugated Affi-
niPure goat anti-rabbit lgG, 1:3,000, Wuhan KeRui Biotech-
nology, Wuhan, China) for 1 hour, chemiluminescence signal
was detected using an electrochemiluminescence kit (Cat.
G2014-1, Wuhan Servicebio Technology Co., Ltd.). The den-
sity of the immunoreactive bands was analyzed using a
KODAK MI software system.
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8. Statistical analysis

All data derived from at least three independent experi-
ments were presented as mean±standard error of the mean
and performed using SPSS ver. 19.0 statistical software (SPSS
Inc., Chicago, IL). The p-values were analyzed by one-way
ANOVA and Student’s t test. In all analyses, p < 0.05 was
considered to be statistically significant.

9. Ethical statement

This study was conducted in compliance with the Decla-
ration of Helsinki. All clinical samples were obtained from
consenting individuals according to protocols approved by
the Ethics Committee of the Second People's Hospital of
China Three Gorges University (No. 2016007).

Fig. 1.  Expression profiling of circulating miRNAs in patients with lung cancer. (A) MiRNA assay analysis of circulating
miRNAs from the patients with lung cancer was presented in a heat map (11 lung cancer vs. 5 health control; the 11 lung
cancer group includes 4 squamous carcinomas, 4 adenocarcinomas, and 2 small cell lung cancer cases). (B) The 14 miRNAs
were differentially expressed in 11 lung cancer vs. 5 health control (p < 0.05, fold-change > 2 or < 0.5). A differentially 
expressed miRNA was considered if their expression levels showed with fold-changes greater than 2.0 or less than 0.5. Red
and blue colors indicate increased and decreased expression, respectively.
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Table 1.  The enriched FunRich pathway of predicted genes

TGF-!, transforming growth factor !; TNF, tumor necrosis factor.

Pathway Gene (%) p-value lg(p-value)
CDC42 signaling events 13.547 0.007 2.145 
TGF-! receptor signaling 5.843 0.009 2.029 
TNF receptor signaling pathway 5.688 0.013 1.889 
p53 pathway 3.619 0.036 1.447 
Epithelial-to-mesenchymal transition 3.464 0.061 1.212 
Canonical Wnt signaling pathway 3.309 0.003 2.503 
C-Myc pathway 2.947 0.029 1.537 
Regulation of nuclear !-catenin signaling 2.689 0.032 1.501 
FAS (CD95) signaling pathway 2.585 0.035 1.451 
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Results

1. MiR-1246 is up-regulated in the serum of lung cancer 
patients

MiRNA assay was carried out to identify the expression
profiles of miRNA in the serum of lung cancer patients. The
results revealed that 10 miRNAs were up-regulated (miRNA-
1246, miRNA-376a-5p, miRNA-1299, miRNA-373, miRNA-
21, miRNA-140-5p, miRNA-432, miRNA-520d-3p, miRNA-
211, and miRNA-132-5p) and four miRNAs were down-reg-
ulated (miRNA-302b, miRNA-190b, miRNA-5p, and miRNA-
505) in lung cancer patients compared to healthy control
subjects (Fig. 1). The whole results of miRNA assay are avail-
able in the Supplementary Material 2. Among them, miR-
1246 was the most obviously expressing alteration miRNA
in the lung cancer patients. Then, we predicted the target
genes of these aberrantly expressing miRNAs by searching

three different miRNAs databases (http://www.targetscan.
org, http://www.microrna.org, http://www.microbase.org).
It indicated that these miRNAs were involved in various of
biological activities (Table 1), strikingly, most of them were
related to metastasis. These data suggested that circulating
miRNAs in patients with lung cancer may account for tumor
progression, especially for metastasis. 

2. MiR-1246 increases the migration and invasion of lung
cancer cells 

According to the above screening results, we came to focus
on activities of the highest expressing miR-1246. The abilities
of cell migration and invasion are important aspects of cancer
metastasis. Transwell assay is widely used to measure these
activities. As shown in our study, miR-1246 mimics treat-
ment obviously increased the migration (the left of Fig. 2A,
p < 0.05) and invasion (the left of Fig. 2B, p < 0.05) of lung
cancer cells. While miR-1246 inhibitor significantly abrogated

Fig. 2.  MiR-1246 enhances the migration and invasion of A549 cells. Migration and invasion assays were performed after
A549 transfected with miR-1246 mimics or negative control (NC) miRNA, miR-1246 inhibitor or inhibitor negative control
(Inh-NC) for 48 hours. The cells that migrated and invasive were counted, the representative images were shown. Scale
bar=100 µm. (A) The migration ability of A549 cells. (B) The invasion capacity of A549 cells. Experiments were performed at
least in triplicate and data are represented as mean±standard error of mean (*p < 0.05).
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these abilities compared to Inh-NC transfected group (the

right of Fig. 2A and B). Together the above results demon-

strated that miR-1246 promoted metastasis of lung cancer

cells by increasing the migration and invasion.

3. MiR-1246 promotes EMT in A549 cells

In order to investigate the effects of miR-1246 on EMT of

lung cancer cells, the expression of mRNAs related to EMT

process were assessed by qRT-PCR assay. Our data depicted

that the level of E-cadherin, as an epithelial marker, was 

decreased in A549 cells after transfected with miR-1246 mim-

ics, whereas the expression of mesenchymal marker vimen-

tin, and TGF-! both were increased (p < 0.05) (Fig. 3A).

Conversely, A549 cells transfected with miR-1246 inhibitor

resulted in an increased expression of E-cadherin, while 

decreased expressions of vimentin and TGF-! (Fig. 3B). Con-

sistently, both overexpression and knockdown experiments

revealed that miR-1246 promoted EMT in A549 cells accom-

panying with the alteration of E-cadherin, Vimentin, and

TGF-! protein expression, respectively. Which indicated that

miR-1246 could work as a promoter of EMT in lung cancer

metastasis in vitro.

4. GSK-3! is a target of miR-1246 

MiRNA is well-known to regulate the activities of target

genes, accounting for the behaviors of cell. Given the up-reg-

ulation of miR-1246 in serum of patients with lung cancer,

we then identified the miRNA gene loci to explore the 

underlying molecular mechanisms of the miR-1246 impact-

ing on malignancy of lung cancer. By using an online target

prediction algorithm mirtarbase (http://mirtarbase.mbc.

nctu.edu.tw/php/search.php?opt=search_box&kw=miR-

1246&sort=id&order=asc&page=2), we predicted the targets

of miR-1246. Among the identified potential targets, we

chose to focus on the roles of GSK-3!. First, GSK-3!/!-catenin

pathway was previously known as regulating tumor pro-

gression [2]. Second, the complementary sequence of miR-

1246 was found in the 3!-UTR of GSK-3! mRNA (Fig. 4A)

(http://mirtarbase.mbc.nctu.edu.tw/php/detail.php?mir-

tid=MIRT733922), it depicted that miR-1246 could directly

target the 3!-UTR of GSK-3!. In order to verify this predic-

tion, we analyzed the roles of miR-1246 on the expression of

GSK-3! by immunofluorescence and western blot assay. As

shown in Fig. 4B, D, and E, overexpression of miR-1246 sig-

nificantly decreased GSK-3! expression (the left of Fig. 4B

and D), whereas miR-1246 inhibitor increased GSK-3! expre-

ssion (the right of Fig. 4B and E), which is a negative regula-

tor of Wnt/!-catenin signaling pathway and locates in the

upstream of !-catenin. Taken together, our data suggested

that miR-1246 could directly target the 3!-UTR of GSK-3!
mRNA, the effect may be as an upstream target of !-catenin

in regulating cell activities of lung cancer.

5. !-catenin is activated by miR-1246 

Previous studies have demonstrated that !-catenin, a cru-

cial component of Wnt/!-catenin signaling pathway, can

enter into the nucleus and interact with transcription factors

Fig. 3.  MiR-1246 promotes epithelial-mesenchymal transition (EMT) in A549 cells. The mRNA expression of markers 

(E-cadherin, vimentin, and transforming growth factor ! [TGF-!]) related to EMT were measured by real-time quantitative

polymerase chain reaction (RT-qPCR) assay. A549 cells were transfected with miR-1246 mimics or negative control (NC),

miR-1246 inhibitor, or inhibitor negative control (Inh-NC). After 48 hours, whole cell lysates were prepared and RT-qPCR

assay determined the mRNA level of EMT-related markers. (A) The mRNA levels of E-cadherin, vimentin, and TGF-! in

A549 cells transfected by miR-1246 mimics or NC. (B) The levels of E-cadherin, vimentin, and TGF-! mRNA in A549 cells

transfected with miR-1246 inhibitor or Inh-NC. All experiments were carried out more than three times and results are 

expressed as mean±standard error of mean (*p < 0.05, **p < 0.01).
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to regulate the expression of target gene [17]. Since Wnt/
!-catenin signaling pathway is an important regulator for
physiological and pathophysiological processes of adult
lung, we evaluated the effect of miR-1246 on the nuclear
translocation of !-catenin in A549 cells by overexpression
and knockdown assay, respectively. The data from overex-
pression assay indicated that miR-1246 mimics could stron-

gly elevate the level of !-catenin protein in A549 cells (the
left of Fig. 4C and D). Meanwhile, miR-1246 inhibitors sig-
nificantly reduced the !-catenin protein levels compared to
the Inh-NC in the knockdown assay (the right of Fig. 4C and
E) (p < 0.05). Therefore, miR-1246 could enhance the level of
!-catenin in A549 cell.

Taken together, the above findings indicate that miR-1246

Fig. 4.  MiR-1246 regulates Wnt/!-catenin signaling pathway through targeting glycogen synthase kinase-3! (GSK-3!)/
!-catenin. (A) GSK-3!was identified as a putative target of miR-1246 through prediction databases for bioinformatics search.
Schematics showing the predicted binding site of miR-1246 in the 3' untranslated region of GSK-3!. (B-E) The protein levels
of GSK-3! (B, D, E) and !-catenin (C, D, E) from A549 cells transfected with miR-1246 mimics or negative control (NC), miR-
1246 inhibitor, or inhibitor negative control (Inh-NC) were determined by immunofluorescence and western blot assay, 
respectively. All the values are shown as mean±standard error of mean and pooled from three independent experiments 
(*p < 0.05). (Continued to the next page)
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could target GSK-3!/!-catenin to regulate Wnt/!-catenin

signaling pathway accounting for the progress of lung cancer

cells.

Discussion

Lung cancer remains the leading cause of cancer lethal

worldwide partly for lacking early diagnostic markers, and

common metastasis, which is the main cause of lung cancer

patients’ death [4]. MiRNAs are secreted by cells into body

liquids with stable and constant levels, like in peripheral

blood (serum and plasma). Since collecting peripheral blood

is more easily and less invasive than obtaining the other

types of tissue samples, secreted miRNAs are considered to

be potential non-invasive biomarkers for diagnosing and

tracking disease progression [12,13,21]. Accumulating evi-

dences indicate that miRNA expression profiles in the serum

of patient represents molecular signatures, which is not only

accounting for tumorigenesis, but also involving in tumor 

invasion and metastasis [22,23]. However, there is limited lit-

erature concerning the levels of circulating miRNAs and fur-

ther exploring their roles in the progression of lung cancer.

After using a high-through miRNA assay on a small number

Fig. 4.  (Continued from the previous page) 
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of serum samples, we found that 14 circulating miRNAs
were aberrantly expressed in lung cancer patients. Among
them, miR-1246 was the most remarkably altered miRNAs
in the serum of lung cancer patients. Similarly, Zhang et al.
[24] identified that miR-1246 was enriched in CD166+ lung
tumor-initiating cell (TIC, also referred as cancer stem cell
[CSC]) from solid tumors relative to CD166– non-TIC in lung
cancer patients. Kim et al. [25] discovered that anti-miR-1246
reduced the expressions of stemness-related and EMT-
related markers which associated with characteristics of
CSCs, such as cellular proliferation, tumorigenesis, colony
formation, and invasiveness, etc. in NSCLC cell lines in vitro.
Yuan’s group reported that extracellular miR-1246, which
was one of different bio-fluids, promoted lung cancer cell
proliferation and enhanced radioresistance [26]. Thus, our
data imply miR-1246 may be used as a serum biomarker for
lung cancer patients. 

The EMT process is closely related to initiate the metastasis
in many cancer patients [9,10]. Importantly, miRNAs have
been shown to regulate EMT [20,25]. Therefore, in this study,
we investigated whether miR-1246 alteration accounted for
EMT. Here, we found that miR-1246 expression was closely
related to the EMT process of lung cancer cells by gaining
mesenchymal markers and losing epithelial markers. MiR-
1246 could significantly decrease E-cadherin expression and
increase vimentin and TGF-! expression, meanwhile, knock-
down miR-1246 notably inhibited the EMT. Interestingly, the
data from predicting downstream genes of those aberrantly
expressed miRNAs also indicated that major of miR-1246’s
downstream targets were related to EMT process (Table 1). 

It is well known that miRNAs regulate target genes to per-
form various biological and pathological function [1]. Both
GSK-3! and !-catenin are crucial regulators of Wnt/!-catenin
signaling implicated in the progress of various tumors [2,17].
Since miR-1246 enhanced lung cancer cell migration and 
invasion (Fig. 2), we further investigated whether miR-1246
impacted on the expression of GSK-3! and !-catenin during
lung cancer cell metastasis. The results derived from overex-
pression and knockdown assays show that miR-1246 could

target the expressions of GSK-3! and !-catenin. These find-
ings are consistent with the prior reports that miR-26a 
enhanced invasiveness by suppressing GSK-3! in lung can-
cer and octamer 4/miR-1246 signaling axis promoted Wnt/
!-catenin activation in liver CSCs [2,27]. Which indicates that
miR-1246 can act as a promoter of lung tumor cells metastasis
partly due to down-regulating GSK-3! while up-regulating
!-catenin.

Together, we provide strong evidence that miR-1246 may
be exploited for the early diagnosis of lung cancer. Moreover,
we demonstrated that miR-1246 enhanced EMT activity of
A549 cells, a crucial process for metastasis, supporting that
miR-1246 can act as a promoter of A549 metastasis. We also
dissected the underlying molecular mechanism of miR-1246
involved in regulating Wnt/!-catenin signaling pathway, by
directly targeting the expression of GSK-3! and !-catenin, the
effect may be partly contributing to the invasion and metas-
tasis of lung cancer. In conclusion, our data illustrated that
miR-1246 may behave as a non-invasive biomarker and ther-
apeutic target of lung cancer.
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Purpose

The volume of thyroid cancer screening and subsequent thyroid fine-needle aspiration (FNA)

have rapidly increased in South Korea. We analyzed the thyroid cancer diagnoses/thyroid

FNA ratio according to the annual number of FNA to evaluate changes in the diagnostic 

efficiency of FNA.

Materials and Methods

This was a nationwide population-based retrospective cohort study. The overall thyroid can-

cer diagnoses/thyroid FNA ratio and annual incremental thyroid cancer diagnoses/incre-

mental thyroid FNA ratio were indirectly calculated using data obtained from the Korea

Central Cancer Registry database and the Korean National Health Insurance Service claims

database from 2004 to 2012. Pearson correlation analyses were performed to evaluate

the strength of linear associations between variables. 

Results

The number of thyroid FNA increased from 28,596 to 177,805 (6.2-fold increase) from

2004 to 2012. The overall thyroid cancer diagnoses/thyroid FNA ratio decreased from

36.5% in 2004 to 25.1% in 2012 and was negatively correlated to the number of FNA

(R=!0.977, p < 0.001). The annual incremental thyroid cancer diagnoses/incremental thy-

roid FNA ratios (range, 15.3% to 30.7%) were always lower than the overall thyroid cancer

diagnoses/thyroid FNA ratio in each year and also worsened according to the increase in

the number of FNA (R=!0.853, p=0.007).

Conclusion

The diagnostic performance of both overall and annual incremental thyroid FNA worsened,

whereas the number of thyroid FNA procedures increased. More sophisticated indications

for FNA are required to improve its diagnostic efficiency, considering the increased burden

of screening-detected thyroid nodules.

Key words
Thyroid neoplasms, Fine-needle aspiration, Diagnostic efficiency, 
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Introduction

The incidence of thyroid cancer has significantly increased
over the past two decades worldwide [1]. Several studies
have shown that the increased implementation of various

imaging modalities has contributed to the increasing diag-
noses of thyroid cancer [1-5]. This phenomenon is particu-
larly remarkable in the Republic of Korea, where the inci-
dence of thyroid cancer has increased nearly by 10-fold from
1999 to 2013 [6]. 

Thyroid fine-needle aspiration (FNA) is the most impor-
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tant diagnostic test for detecting thyroid cancer [7]. Regard-

ing the rapid increase in thyroid cancer, there is a growing

concern that the number of FNA procedures has unnecessar-

ily increased [8,9]. If FNA is performed unnecessarily in

screening-detected thyroid nodules that have a low likeli-

hood of cancer, the relative frequency of obtaining negative

results could increase, and the diagnostic efficiency of FNA

might decrease according to the increased volume of screen-

ing and subsequent FNA.

The diagnostic efficiency of a test may be assessed using

the number of diagnoses of the index disease compared to

the number of tests performed [10-14]. If the frequency of 

detecting a patient according to the test is reduced, the num-

ber of tests required to identify one patient would increase,

resulting in an increase in the overall cost and potential 

adverse events [10-14]. Therefore, the diagnostic efficiency

of FNA could be estimated using the ratio of thyroid cancer

diagnoses and FNA procedures. 

We assumed that the question of whether FNA for the 

diagnosis of thyroid cancer was performed efficiently could

be answered by looking at recent changes in the ratio of thy-

roid cancer diagnoses and FNA procedures. In addition, we

assumed that the ratio of incremental thyroid cancer diag-

noses and incremental thyroid FNA biopsies would reflect

the diagnostic efficiency of FNA for additionally detected

thyroid nodules from the increased screening. Thus, to eval-

uate the change of diagnostic efficiency of FNA and the 

potential influence of the number of FNA biopsies to the

changed efficacy, we analyzed the changes in overall and 

annual incremental thyroid cancer diagnoses/thyroid FNA

ratio according to the annual number of FNA biopsies per-

formed during the era of increased thyroid cancer screening

in South Korea.

Materials and Methods

1. Data sources

This was a nationwide retrospective cohort study from

2004 to 2012 using two nationwide databases. 

The number of thyroid FNA biopsies performed was 

obtained from the claims database of the National Health 

Insurance (NHI) system of the Republic of Korea [15]. The

NHI system is a mandatory universal health insurance sys-

tem that has been covering the entire population (> 50 mil-

lion) in Korea since 1989. NHI covers all forms of health

services, including admission, ambulatory care, and phar-

maceutical services. The medical claims database stores data

about the use of all healthcare services. Moreover, it contains

extensive data, including demographic information such as

age and sex, record of medical services such as diagnosis

statements according to the International Classification of

Diseases, 10th revision (ICD-10), detailed statements about

prescriptions and surgical and other procedures such as thy-

roid FNA.

We used the Korea Central Cancer Registry (KCCR) data-

base to obtain the data regarding thyroid cancer diagnoses

[16]. The KCCR was initiated by the Ministry of Health and

Welfare in Korea in 1980 and then expanded nationally to

cover over 95% of all patients with newly diagnosed cancer

in Korea during the study period. 

2. Case identification

The information about the number of FNA biopsies was

identified using the NHI claims code (C8591) in the NHI

claims database. The number of thyroid FNA biopsies 

according to sex was obtained only from 2006 as claims data

for thyroid FNA until 2005 were often missing sex informa-

tion. The number of newly diagnosed patients with thyroid

cancer was obtained from the KCCR database from 2004 to

2012. 

3. Overall thyroid cancer diagnoses/thyroid FNA ratio

We considered that most thyroid FNA were performed to

diagnose thyroid cancer, and most patients diagnosed with

thyroid cancer underwent preoperative thyroid FNA. Since

the NHI claims database can store all data on thyroid FNA

performed in the Republic of Korea, the nationwide thyroid

cancer diagnoses/thyroid FNA ratio could be indirectly 

estimated by dividing the number of incident cases of thy-

roid cancer in a year by the number of thyroid FNA in such

year.

4. Annual incremental thyroid cancer diagnoses/incremen-

tal thyroid FNA ratio

The annual increment of thyroid cancer diagnoses was cal-

culated as the number of thyroid cancer diagnoses in each

year minus the number of thyroid cancer diagnosis in the

preceding year (e.g., annual increment of thyroid cancer 

diagnoses in 2010=the number of thyroid cancer diagnoses

in 2010!the number of thyroid cancer diagnoses in 2009). The

annual increment of thyroid FNA biopsies for each year was

calculated as the number of thyroid FNA biopsies in each

year minus the number of thyroid FNA biopsies in the pre-

ceding year (e.g., annual increment of thyroid FNA biopsies

in 2010=the number of thyroid FNA biopsies in 2010–the

number of thyroid FNA biopsies in 2009). The annual incre-

mental thyroid cancer diagnoses/incremental thyroid FNA
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ratio was defined as the annual increment of thyroid cancer

diagnoses divided by the annual increment of thyroid FNA

biopsies. 

5. Statistical analysis

Pearson correlation coefficients were calculated to evaluate

whether the number of thyroid cancer diagnoses and the thy-

roid cancer diagnoses/thyroid FNA ratio were linearly 

associated with the annual number of FNA. All statistical

analyses were performed using the Statistical Package for the

Social Sciences software ver. 23.0 for Windows (IBM Corp.,

Armonk, NY). All tests were two-sided, and a p-value of 

< 0.05 was considered statistically significant. 

6. Ethical statement

Personal identifiable information in the medical records

was de-identified to comply with the Health Insurance Porta-

bility and Accountability Act privacy rule. In addition, since

the information in the NHI database is encrypted, the data-

base does not contain personal identifiers. The study was 

approved by the Institutional Review Board of Ilsan Hospital

(IRB No. NHIMC 2016-02-007) and performed in accordance

with the principles of the Declaration of Helsinki. The infor-

med consent was waived.

Results

1. Number of annual thyroid FNA and thyroid cancer diag-

noses

Table 1 shows the number of thyroid FNA and thyroid

cancer diagnoses from 2004 to 2012. The number of thyroid

FNA increased from 28,596 to 177,805 (6.2-fold increase) from

2004 to 2012. During the same period, the number of newly

diagnosed patients with thyroid cancer increased from

10,424 to 44,621 (4.3-fold increase). A strong positive linear

correlation was observed between the number of thyroid

FNA and the number of thyroid cancer diagnoses (R=0.995,

p < 0.001) (Fig. 1A).

2. Overall thyroid cancer diagnoses/thyroid FNA ratio 

according to the passage of time and number of FNA

The overall thyroid cancer diagnoses/thyroid FNA ratio

gradually decreased for 8 years from 36.5% in 2004 to 25.1%

in 2012 (Table 1). A strong negative correlation was observed

between the number of thyroid FNA and the overall thyroid

cancer diagnoses/thyroid FNA ratio (R=–0.977, p < 0.001)

(Fig. 1B). 

3. Annual incremental thyroid cancer diagnoses/incremen-

tal thyroid FNA ratio according to the passage of time and

number of FNA 

Table 2 shows the incremental number of FNA, increment

in thyroid cancer diagnoses, and annual incremental thyroid

No. of FNA
No. of thyroid Thyroid cancer diagnoses/thyroid

Year cancer diagnoses FNA ratio (%)a)

Totalb) Male Female Total Male Female Totalb) Male Female

2004 28,596 N/A N/A 10,424 1,417 9,007 36.5 N/A N/A

2005 37,781 N/A N/A 12,793 1,781 11,012 33.9 N/A N/A

2006 48,720 7,018 41,677 16,152 2,332 13,820 33.2 33.2 33.2 

2007 69,110 10,167 58,922 21,283 3,187 18,096 30.8 31.3 30.7 

2008 89,821 13,865 75,939 27,324 4,337 22,987 30.4 31.3 30.3 

2009 110,393 17,844 92,522 32,507 5,239 27,268 29.4 29.4 29.5 

2010 133,368 22,155 111,190 36,767 6,351 30,416 27.6 28.7 27.4 

2011 155,987 25,428 130,535 41,289 7,110 34,179 26.5 28.0 26.2 

2012 177,805 30,002 147,774 44,621 8,154 36,467 25.1 27.2 24.7 

FNA, fine-needle aspiration; N/A, not assessed. a)Thyroid cancer diagnoses/thyroid FNA ratio was estimated by dividing

the number of newly diagnosed patients with thyroid cancer in a year by the number of thyroid FNA in such year, b)The

total number included cases in which the sex of a participant was not identified.

Table 1. Number of thyroid FNA and thyroid cancer diagnoses, and estimated thyroid cancer diagnoses/thyroid FNA ratio
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cancer diagnoses/incremental thyroid FNA ratio (which
were assumed to reflect FNA for screening-detected thyroid
nodule) from 2005 to 2012. A negative correlation was 
observed between the number of thyroid FNA biopsies and
the annual incremental thyroid cancer diagnoses/incremen-

tal thyroid FNA ratio (R=–0.853, p=0.007) (Fig. 1C). During
the entire research period, each annual incremental thyroid
cancer diagnoses/incremental thyroid FNA ratio was lower
than the overall thyroid cancer diagnoses/thyroid FNA ratio
in the same year. 

Discussion

In this study, we showed that the diagnostic efficiency of
the overall and annual incremental thyroid FNA estimated
by the thyroid cancer diagnoses/thyroid FNA ratio decrea-
sed as the annual number of thyroid FNA increased from
2004 to 2012.

The rapid increase in the incidence of thyroid cancer is
largely attributed to the increase in thyroid cancer screening
[1-5]. Udelsman and Zhang [2] showed a linear correlation
between the frequency of neck ultrasonography and the 
incidence of thyroid cancer in the United States. Similar lin-
ear correlations were observed between the annual number
of computed tomography imaging and incidence of thyroid
cancer [3]. In addition, imaging procedures, such as Doppler
examinations of the neck vessels and positron emission to-
mography scans, have increased the detection of incidental
thyroid nodules [17,18]. As most of the nodules found in
screening are confirmed as benign [19], many experts are
concerned that increased thyroid cancer screening may lead
to an increase in unnecessary FNA biopsies and a decrease
in the diagnostic efficiency of FNA [20]. 

In this study, the number of thyroid FNA biopsies was
positively correlated with the number of thyroid cancer diag-
noses. However, the overall thyroid cancer diagnoses/thy-
roid FNA ratio decreased as the annual number of FNA
increased. Our findings are in line with previous studies. In
a study using U.S. Veterans Affairs administrative data from
2000 to 2012, the authors suggested that the increased thyroid
cancer incidence may be related to increased use of thyroid
ultrasound and FNA, based on their simultaneous increase
[9]. Notably, the use of FNA increased much more rapidly
than the incidence of thyroid cancer in the study, and the 
incidence increased only 2-fold while the use of FNA 
increased 7-fold [9]. In another study using an NHI sample
cohort that includes approximately 2.2% of the entire Korean
population, a higher frequency of thyroid FNA in a region
was associated with a lower possibility of thyroid cancer 
diagnosis in patients who underwent thyroid FNA in the 
region [20]. Altogether, the diagnostic efficiency of FNA
seems to be decreased when the frequency of thyroid FNA
biopsies increases.

To further explore the cause of the decline in the diagnostic

Fig. 1.  Pearson correlation coefficients were calculated to
evaluate the association between the annual number of
thyroid fine-needle aspiration (FNA) and the annual num-
ber of thyroid cancer diagnoses (A), overall thyroid cancer
diagnoses/thyroid FNA ratio (B), and annual incremental
thyroid cancer diagnoses/incremental thyroid FNA ratio
(C). The lines indicate significant correlations (p < 0.05).
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efficiency of FNA, we assumed that the incremental thyroid
cancer diagnoses/incremental thyroid FNA ratio would 
indirectly reflect the diagnostic efficiency of FNA for addi-
tionally detected thyroid nodules from the increased screen-
ing. If the increase in the number of FNA biopsies and thy-
roid cancer diagnoses is largely attributed to the increase in
the frequency of screening, the increment of thyroid FNA
would reflect the number of FNA biopsies performed for 
additionally detected nodules from the increase in the fre-
quency of screening (i.e., additional screening-detected thy-
roid nodules). In addition, the increment of thyroid cancer
diagnoses would reflect the number of cancer diagnoses
from the additional screening-detected thyroid nodules. We
found that the annual incremental thyroid cancer diag-
noses/incremental thyroid FNA ratio was lower than the
overall thyroid cancer diagnoses/thyroid FNA ratio in each
year. Moreover, the annual incremental thyroid cancer diag-
noses/incremental thyroid FNA ratio decreased as the 
annual number of FNA biopsies increased. Therefore, the 
efficiency of the overall thyroid FNA appears to have been
compromised during the period of increasing thyroid cancer
screening as the diagnostic efficiency of FNA for screening-
detected nodules was low and had decreased gradually. Our
estimates of the annual incremental thyroid cancer diag-
noses/incremental thyroid FNA ratio (range, 15.3% to 30.7%)
are in accordance with the thyroid cancer diagnoses/thyroid
FNA ratio in screening-detected nodules obtained by another
study in Korea. In the study from a single institution, 111
cases of ultrasound-guided FNA were performed in the pro-
cess of identifying 29 thyroid cancers from screening-
detected thyroid nodules (thyroid cancer diagnoses/thyroid

FNA ratio, 26.1%) [19].
Although thyroid FNA is relatively safe and inexpensive

($250 in the Republic of Korea and $500 in the United States
[21,22]), the survival benefit of thyroid cancer screening pro-
gram was low or even unclear [23,24]. A low diagnostic effi-
ciency increases the number of FNA performed in the course
of diagnosing a patient; thereby, it could increase the risk
compared to the benefit of the test. Thus, the higher the num-
ber of screening-detected thyroid nodules, the higher the
need for more sophisticated indications for FNA to improve
its diagnostic efficiency and the balance between the risks
and benefits. 

This study has several strengths. First, this is the largest
study to date of the relationship between FNA frequency and
the number of thyroid cancer diagnoses using the NHI data-
base including the entire Korean population. Second, to the
best of our knowledge, this is the first study that suggests the
worsened performance of FNA in screening-detected nodule
caused by the increase in the frequency of FNA biopsies.
Third, we overcame the limitations of the NHI database on
the accuracy of diagnosis by using the KCCR database to 
assess the number of patients with thyroid cancer. Diagnostic
accuracy is a common limitation in using health administra-
tive data, although the reliability of the information in the
NHI database has been previously validated in several stud-
ies [25-29]. 

This study also has several limitations. First, the number
of patients with newly diagnosed thyroid cancer in this study
may be slightly underestimated. The KCCR data are usually
based on postoperative pathology results. Therefore, some
patients with thyroid cancer who were followed up without

Increment of thyroid FNAa) Increment of thyroid              Incremental thyroid cancer diagnoses/
Year cancer diagnosesb) incremental thyroid FNA ratio (%)c)

Totald) Male Female Totald) Male Female Totald) Male Female
2005 9,185 N/A N/A 2,369 364 2,005 25.8 N/A N/A
2006 10,939 N/A N/A 3,359 551 2,808 30.7 N/A N/A
2007 20,390 3,149 17,245 5,131 855 4,276 25.2 27.2 24.8
2008 20,711 3,698 17,017 6,041 1,150 4,891 29.2 31.1 28.7
2009 20,572 3,979 16,583 5,183 902 4,281 25.2 22.7 25.8
2010 22,975 4,311 18,668 4,260 1,112 3,148 18.5 25.8 16.9
2011 22,619 3,273 19,345 4,522 759 3,763 20.0 23.2 19.5
2012 21,818 4,574 17,239 3,332 1,044 2,288 15.3 22.8 13.3

FNA, fine-needle aspiration; N/A, not assessed. a)Increment of thyroid FNA was calculated by subtracting the number of
FNA in the previous year from that in the index year, b)Increment of thyroid cancer diagnoses was calculated by subtracting
the number of thyroid cancer diagnoses in the last year from that in the index year, c)Incremental thyroid cancer diagnoses/
incremental thyroid FNA ratio was calculated by dividing the increment of thyroid cancer diagnoses by the increment of
thyroid FNA, d)The total number included cases in which the sex of a participant was not identified.

Table 2. Estimated incremental thyroid cancer diagnoses/incremental thyroid FNA ratio
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surgery after FNA (active surveillance or inappropriate con-
dition for operation) may be missing in this study. Second,
there may be cases in which thyroid FNA was used for pur-
poses other than the diagnosis of thyroid cancer and thyroid
cancer was diagnosed without thyroid FNA. However, the
diagnosis of thyroid cancer without performing FNA is rare.
Third, several technological advances related to thyroid
FNA, as well as training level and case volume of physicians,
may influence the diagnostic efficiency of thyroid FNA 
[30-32]. However, the training level and case volume of
physicians are likely to be enhanced according to the 
increased nationwide frequency of thyroid FNA, which
would potentially improve diagnostic accuracy, just as the
technological advances would. Our results suggest that the
diagnostic efficiency of FNA was compromised despite the
potential enhancement of its accuracy. Fourth, the exact vol-
ume of thyroid cancer screening could not be assessed since
NHI did not cover thyroid ultrasonography during the study
period. Thyroid cancer screening during the study period
was often performed via a health screening program that
was not covered by NHI. Thus, the diagnostic efficiency of
FNA for screening-detected nodules was indirectly esti-
mated based on several assumptions, even though the esti-
mate was similar to the results obtained in the other study.

Fifth, we could not determine the characteristics of the nod-
ules targeted by FNA because of the absence of information
about sonographic findings in the NHI database. 

In conclusion, the overall diagnostic efficiency of FNA
worsened according to the increase in the number of FNA,
with a low and decreased diagnostic efficiency of incremen-
tal FNA. Our findings suggest that more sophisticated indi-
cations for FNA are required to improve its diagnostic
efficiency, considering the burden of screening-detected thy-
roid nodules. 
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Impact of 21-Gene Recurrence Score on Chemotherapy Decision in 
Invasive Ductal Carcinoma of Breast with Nodal Micrometastases

Original Article

Purpose
The purpose of this study was to investigate the effect of 21-gene recurrence score (RS) on
predicting prognosis and chemotherapy decision in node micrometastases (N1mi) breast
invasive ductal carcinoma (IDC).

Materials and Methods
Patients with stage T1-2N1mi and estrogen receptor-positive IDC diagnosed between 2004
and 2015 were included. The associations of 21-gene RS with breast cancer-specific sur-
vival (BCSS), chemotherapy decision, and benefit of chemotherapy were analyzed.

Results
We identified 4,758 patients including 1,403 patients (29.5%) treated with adjuvant
chemotherapy. In the traditional RS cutoffs, 2,831 (59.5%), 1,634 (34.3%), and 293 (6.2%)
patients were in the low-, intermediate-, and high-risk RS groups, respectively. In 3,853 
patients with human epidermal growth factor receptor-2 (HER2) status available, most 
patients were HER2-negative disease (98.3%). A higher RS was independently related to
chemotherapy receipt, and 14.0%, 47.7%, and 77.8% of patients in the low-, intermediate-,
and high-risk RS groups received chemotherapy, respectively. The multivariate analysis 
indicated that a higher RS was related to worse BCSS (p < 0.001). The 5-year BCSS rates
were 99.3%, 97.4%, and 91.9% in patients with low-, intermediate-, and high-risk RS groups,
respectively (p < 0.001). However, chemotherapy receipt did not correlate with better BCSS
in low-, intermediate-, or high-risk RS groups. There were similar trends using Trial Assigning
Individualized Options for Treatment RS cutoffs.

Conclusion
The 21-gene RS does predict outcome and impact on chemotherapy decision of N1mi
breast IDC. Large cohort and long-term outcomes studies are needed to identify the effects
of chemotherapy in N1mi patients by different 21-gene RS groups.
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Introduction

With advances in diagnostics, histopathology, and molec-
ular analysis of breast cancer, an increasing number of pati-
ents are being diagnosed with node micrometastatic disease
(! 2 mm axillary node metastasis, N1mi) [1-3], accounting for
approximately 15% of all node-positive patients [4]. There is
dispute about the clinical value of N1mi disease in breast
cancer. Several early studies showed similar outcomes bet-
ween node-negative (N0) and N1mi breast cancer [5-7]. The
treatment algorithms in N1mi disease are regarded as equal
to N0 disease in the current National Comprehensive Cancer
Network (NCCN) guidelines [8]. However, in more recent
studies, patients with N1mi disease had worse prognosis
compared to those with N0 disease [9,10]. There is a paucity
of prospective studies to address the effectiveness of chemo-
therapy in N1mi patients. Gene expression profiling can pro-
vide better risk stratification than traditional clinicopatho-
logic characteristics and can more accurately predict the out-
come of chemotherapy for breast cancer patients. Personal-
ized treatment through use of specific tumor biology can
potentially reduce unnecessary chemotherapy and is key to
precision care for breast cancer [11,12].

The 21-gene recurrence score (RS) assay (Genomic Health,
Inc., Redwood City, CA) employs reverse-transcriptase poly-
merase chain reaction to assess the expression of 16 related
genes and five reference genes from breast cancer tissue, and
reports an RS providing a stratification of long-term distant
relapse risk and to determine the survival benefit of chemo-
therapy receipt [13,14]. The current NCCN guidelines have
stated that 21-gene RS testing can be considered in N0 and
one to three positive lymph nodes (N1) disease to guide the
decision for adjuvant therapy [8]. The 21-gene RS assay is
also recommended in patients with N1mi disease. However,
limited studies are available to assess whether the 21-gene
RS results are useful in guiding decisions regarding chemo-
therapy beyond standard clinicopathologic characteristics
[15]. In light of this, we performed a population-based study
to assess the predictive and prognostic value of the 21-gene
RS assay on decision for chemotherapy in N1mi patients.  

Materials and Methods

1. Patients

The Surveillance, Epidemiology, and End Results (SEER)
program is a population-based cancer registry maintained
by the National Cancer Institute. It records cancer incidence,

the first course of treatment, and vital status for approxi-
mately 28% of the population of the United States. The SEER
18 Regs (Excl AK) Custom Data Malignant Breast (with 
Oncotype DX and Additional Treatment Fields) dataset was
released in 2017, which including Oncotype DX related vari-
ables for invasive breast cancer patients diagnosed between
2004 and 2015 [16]. We have obtained permission to access
the SEER database (Authorization Code: 11025-Nov2016).
The SEER was queried to identify patients diagnosed with
stage T1-2 (tumor size ! 5 cm), N1mi, and estrogen receptor
(ER)–positive breast invasive ductal carcinoma between 2004
and 2015. The subtypes of invasive ductal carcinoma includ-
ing infiltrating duct carcinoma not otherwise specified  (8,500
/3), infiltrating duct and lobular carcinoma (8,522/3), and
infiltrating duct mixed with other types of carcinoma (8,523/
3), according to the International Classification of Diseases
for Oncology, 3rd edition. Patients with no positive pathol-
ogy diagnosis, as well as those with data unavailable for
race/ethnicity, progesterone receptor (PR) status, tumor
grade, and/or surgical procedure were excluded. 

2. Patient variables

The following demographic and clinicopathological vari-
ables were included for analysis: year of diagnosis, age, race/
ethnicity, tumor size, grade, PR status, surgical procedure,
radiotherapy, chemotherapy, traditional RS cutoffs, and Trial
Assigning Individualized Options for Treatment (TAILORx)
RS cutoffs. All patients were staged using the American Joint
Committee on Cancer system 6th edition, those with nodal
spread limited to micrometastases no larger than 2 mm were
defined as N1mi stage. Traditional RS cutoffs was classified
as low-risk (RS < 18), intermediate-risk (RS 18-30), or high-
risk (RS > 30) [17], and the optimized RS cut-offs (TAILORx
RS cutoffs) were classified into low-risk (RS < 11), interme-
diate-risk (RS 11-25), and high-risk (RS > 25) groups [18].
Data on human epidermal growth factor receptor-2 (HER2)
status began to be recorded in 2010. Therefore, we only 
assessed the HER2 data after 2010. The primary endpoint of
this study was breast cancer-specific survival (BCSS).

3. Statistical analysis

The patient variables between treatment arms were com-
pared using chi-square test. Predict factors associated with
chemotherapy receipt were assessed using binomial logistic
regression. BCSS was evaluated using Kaplan-Meier meth-
ods and the log-rank test for patients diagnosed between
2004 and 2012. Multivariable Cox regression was performed
to assess for variables that had an impact on BCSS in patients
diagnosed between 2004 and 2012. We did not include the
HER2 status in the prognostic analysis. All analyses were
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performed using IBM SPSS ver. 22.0 (IBM Corp., Armonk,
NY). A p-value < 0.05 was considered statistically significant.

4. Ethical statement

Using data from SEER was exempt from Institutional 
Review Board approval because patient information is 
de-identified.

Results

We identified 4,758 patients. Patient characteristics are pre-
sented in Table 1. Fig. 1 shows the patient selection flowchart
of this study. The majority of patients were diagnosed after
2010 (n=3,875, 81.4%), aged ! 50 years (n=3,636, 76.4%), non-
Hispanic white (n=3,537, 74.3%), moderately or poorly/
undifferentiated disease (n=3,492, 73.4%), T1 category (n=3,455,

Wei-Rong Chen, 21-Gene RS and Chemotherapy in N1mi Breast Cancer

Table 1.  Association between patient characteristics and chemotherapy receipt

Values are presented as number (%). T, tumor; PR, progesterone receptor; TAILORx, Trial Assigning Individualized Options
for Treatment.

Variable No. No chemotherapy Chemotherapy p-value

Year of diagnosis

2004-2006 101 51 (1.5) 50 (3.6) < 0.001
2007-2009 782 504 (15.0) 278 (19.8)
2010-2012 1,716 1,181 (35.2) 535 (38.1)
2013-2015 2,159 1,619 (48.3) 540 (38.5)

Age at diagnosis (yr)

< 50 1,122 637 (19.0) 485 (34.6) < 0.001
! 50 3,636 2,718 (81.0) 918 (65.4)

Race/Ethnicity

Non-Hispanic White 3,537 2,514 (74.9) 1,023 (72.9) 0.462
Non-Hispanic Black 349 239 (7.1) 110 (7.8)
Hispanic (all races) 438 298 (8.9) 140 (10.0)
Other 434 304 (9.1) 130 (9.3)

Grade

Well differentiated 1,266 1,021 (30.4) 245 (17.5) < 0.001
Moderately differentiated 2,691 1,925 (57.4) 766 (54.6)
Poorly/Undifferentiated 801 409 (12.2) 392 (27.9)

Tumor stage

T1 3,455 2,508 (74.8) 947 (67.5) < 0.001
T2 1,303 847 (25.2) 456 (32.5)

PR status

Negative 340 174 (5.2) 166 (11.8) < 0.001
Positive 4,418 3,181 (94.8) 1,237 (88.2)

Surgical procedure

Breast conserving surgery 3,018 2,155 (64.2) 863 (61.5) 0.076
Mastectomy 1,740 1,200 (35.8) 540 (38.5)

Radiotherapy

No 1,989 1,361 (40.6) 628 (44.8) 0.007
Yes 2,769 1,994 (59.4) 775 (55.2)

21-Gene recurrence score (traditional cutoffs)

Low-risk 2,831 2,435 (72.6) 396 (28.2) < 0.001
Intermediate-risk 1,634 855 (25.5) 779 (55.5)
High-risk 293 65 (1.9) 228 (16.3)

21-Gene recurrence score (TAILORx cutoffs)

Low-risk 1,057 945 (28.2) 112 (8.0) < 0.001
Intermediate-risk 3,076 2,244 (66.9) 832 (59.3)
High-risk 625 166 (4.9) 459 (32.7)
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72.6%), and PR-positive status (n=4,418, 92.9%). In 3,853 pati-
ents with HER2 status available, most patients were HER2
negative disease (n=3,788, 98.3%). The median RS in this
study was 16 (range, 0 to 81). In the traditional RS cutoffs, a
total of 2,831 (59.5%), 1,634 (34.3%), and 293 (6.2%) patients
were in the low-, intermediate-, and high-risk RS groups, 
respectively, while 22.2% (n=1,057), 64.6% (n=3,076), and
13.1% (n=625) were in the TAILORx RS cutoffs, respectively. 

We included 1,403 patients (29.5%) treated with adjuvant
chemotherapy, and 70.5% (n=3,355) of patients did not 
receive adjuvant chemotherapy. Patient characteristics dif-
fered significantly depending on whether chemotherapy was
given (Table 1). Patients with diagnosis at later years (p <
0.001), younger age (p < 0.001), poorly/undifferentiated dis-
ease (p < 0.001), T2 category (p < 0.001), PR-negative disease
(p < 0.001), no receipt of radiotherapy (p=0.007), and higher
RS were more likely to receive chemotherapy. In the tradi-
tional RS cutoffs, 14.0%, 47.7%, and 77.8% of patients in the
low-, intermediate-, and high-risk RS groups received che-
motherapy, respectively, and 10.6%, 27.0%, and 73.4% of 
patients in the TAILORx RS cutoffs received chemotherapy,

respectively. The percentage of chemotherapy receipt in dif-
ferent 21-gene RS groups by year of diagnosis is presented
in Fig. 2. The results of binomial regression analysis showed
that year of diagnosis, age at diagnosis, tumor grade, tradi-
tional RS cutoffs, and TAILORx RS cutoffs were independent
predictors for chemotherapy receipt (Table 2). 

We only included patients diagnosed between 2004 and
2012 to analyze prognostic factors related to BCSS (n=2,599)
(Table 3). With a median follow-up of 58 months (range, 0 to
142 months), the traditional RS cutoffs (hazard ratio [HR],
2.774; 95% confidence interval [CI], 1.823 to 4.221; p < 0.001)
and TAILORx RS cutoffs (HR, 4.748; 95% CI, 2.752 to 8.193;
p < 0.001) were both independent prognostic factors related
to BCSS in the traditional RS cutoffs and TAILORx cutoffs
multivariate Cox prognostic models, respectively. However,
the traditional RS cutoffs (HR, 1.174; 95% CI, 0.654 to 2.109;
p=0.591) were not independently associated with BCSS after
the traditional RS cutoffs and TAILORx cutoffs were both 
included in the multivariate analysis, while TAILORx RS cut-
offs (HR, 4.748; 95% CI, 2.752 to 8.193; p < 0.001) remained
an independent prognostic indicator related to BCSS. In the

Cancer Res Treat. 2019;51(4):1437-1448

Breast invasive ductal carcinoma (n=92,604)

ER-positive T1-2N0-1M0 tumors (n=4,845)

Included in analysis (n=4,758)

Female breast cancer with available 21-gene RS
testing between 2004-2015 (n=110,909)

No positive histology (n=170)
Non-invasive ductal carcinoma (n=18,135)

No surgery (n=2)
Unknown surgical procedure (n=1)

ER borderline, negative, or unknown (n=2,089)
T0, T3-4, or TX (n=1,784)
N0, N1 NOS, N2-3, or NX (n=83,855)
M1 or MX (n=31)

Unknown tumor grade (n=56)
PR borderline or unknown (n=9)
Unknown race/ethnicity (n=19)

Received breast-conserving surgery
or mastectomy (n=4,842)

Fig. 1. The patient selection flowchart of this study. RS, recurrence score; ER, estrogen receptor; PR, progesterone receptor.
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traditional RS cutoffs, the 5-year BCSS rates were 99.3%,
97.4%, and 91.9% in patients with low-, intermediate-, and
high-risk RS groups, respectively (p < 0.001) (Fig. 3A). In the
TAILORx RS cutoffs, the 5-year BCSS rates were 99.4%,
99.1%, and 91.5% in patients with low-, intermediate-, and
high-risk RS, respectively (p < 0.001) (Fig. 3B). Chemother-
apy receipt was not associated with better BCSS in the three
models.  

We further assessed the impact of chemotherapy on BCSS
in different 21-gene RS groups (Table 4). The results of mul-
tivariate Cox analysis showed that using both traditional RS
cutoffs and TAILORx RS cutoffs, the receipt of chemotherapy
did not correlate with better BCSS in patients with low-, 
intermediate-, or high-risk RS groups. The BCSS curves by
whether chemotherapy was given are shown in Fig. 4A-F.
Patients with non-Hispanic Black had poor BCSS (HR, 7.248;
95% CI, 1.317 to 39.893; p=0.023) compared to non-Hispanic

White in the low-risk RS group with traditional RS cutoffs.
In addition, patients with other race/ethnicity (92.5% of pati-
ents were non-Hispanic Asian/Pacific) had poor BCSS (HR,
4.749; 95% CI, 1.454 to 15.512; p=0.010) compared to non-His-
panic White in the intermediate-risk RS group with TAI-
LORx RS cutoffs.

Discussion

In this study, we assessed the impact of 21-gene RS testing
in chemotherapy decision for patients with stage N1mi
breast cancer. Our results indicate that similar to patients
with N0 breast cancer, 21-gene RS assay results are also asso-
ciated with the percentage of chemotherapy receipt in N1mi

Wei-Rong Chen, 21-Gene RS and Chemotherapy in N1mi Breast Cancer

Fig. 2.  The percentage of chemotherapy receipt by 21-gene recurrence score (RS) groups. (A) Traditional RS cutoffs. (B) Trial
Assigning Individualized Options for Treatment (TAILORx) RS cutoffs.

200

0

50

100

Ch
em

ot
he

ra
py

 re
ce

ip
t b

y
21

-g
en

e 
RS

 g
ro

up
s (

%
)

2006 2010 2011 2012 2013 2014 2015200920072004 20082005

150

29
60
  0

  47
  50
100

37
63
67

26
56
80

24
51
75

18
45
76

19
45
76

17
47
81

12
49
81

13
47
81

  6
44
71

  9
49
81

Low-risk
Intermediate-risk

High-risk

A
Low-risk
Intermediate-risk
High-risk 

200

0

50

100

Ch
em

ot
he

ra
py

 re
ce

ip
t b

y
21

-g
en

e 
RS

 g
ro

up
s (

%
)

2006 2010 2011 2012 2013 2014 2015200920072004 20082005

150

  0
50
  0

  43
  43
100

56
42
75

23
41
87

20
36
71

15
27
72

16
28
75

14
30
71

  9
25
74

  9
27
76

  4
20
66

  6
23
77

Low-risk
Intermediate-risk

High-risk

B
Low-risk
Intermediate-risk
High-risk 

VOLUME 51 NUMBER 4 OCTOBER 2019 1441



breast cancer. However, the outcome may not improve
among patients in the high-risk RS group.

There was a significant difference in the percentage of
chemotherapy receipt among patients with N1mi disease. In
a study from the National Cancer Database, 56.5% of patients
were treated with chemotherapy after mastectomy [19].
However, in one study from Sweden, only 24.4% of patients
with N1mi disease received chemotherapy [9]. In our study,
29.5% of patients received chemotherapy, and these patients

tended to be younger, diagnosed in early years, had more
high-grade tumors, and had a higher RS compared to those
patients not treated with chemotherapy. The rates of chemo-
therapy receipt among the low-risk RS group decreased over
the study period. In our study, 59.5%, 34.3%, and 6.2% of 
patients were in the low-, intermediate-, and high-risk RS
groups using the traditional RS cutoffs, respectively, which
was similar to patients with N0 and N1 disease [20,21]. In 
addition, 14.0%, 47.7%, and 77.8% of patients received che-

Cancer Res Treat. 2019;51(4):1437-1448

Table 2.  Predictors of chemotherapy receipt

OR, odds radio; CI, confidence interval; T, tumor; PR, progesterone receptor; TAILORx, Trial Assigning Individualized 
Options for Treatment.

Variable OR 95% CI p-value

Year of diagnosis

2004-2006 1
2007-2009 0.617 0.385-0.989 0.045
2010-2012 0.506 0.321-0.799 0.003
2013-2015 0.372 0.236-0.587 < 0.001

Age at diagnosis (yr)

< 50 1
! 50 0.361 0.306-0.424 < 0.001

Race/Ethnicity

Non-Hispanic White 1
Non-Hispanic Black 1.020 0.771-1.348 0.891
Hispanic (all races) 1.164 0.908-1.494 0.231
Other 0.940 0.728-1.214 0.635

Grade

Well differentiated 1
Moderately differentiated 1.388 1.159-1.662 < 0.001
Poorly/Undifferentiated 1.732 1.372-2.186 < 0.001

Tumor stage

T1 1
T2 1.130 0.960-1.332 0.142

PR status

Negative 1
Positive 0.843 0.645-1.101 0.209

Surgical procedure

Breast conserving surgery 1
Mastectomy 0.943 0.770-1.155 0.570

Radiotherapy

No 1
Yes 0.987 0.811-1.201 0.897

21-Gene recurrence score (traditional cutoffs)

Low-risk 1
Intermediate-risk 4.037 3.388-4.809 < 0.001
High-risk 6.001 3.975-9.059 < 0.001

21-Gene recurrence score (TAILORx cutoffs)

Low-risk 1
Intermediate-risk 1.439 1.134-1.826 0.003
High-risk 4.386 3.065-6.276 < 0.001
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motherapy in the low-, intermediate-, and high-risk RS
groups using the traditional RS cutoffs, respectively, which
was also similar to the distribution observed among N0 and
N1 patients, providing support for the similarity of breast
cancer gene expression levels in these patient populations
[20]. Our findings indicate that patients with high RS results
were more likely to receive chemotherapy compared to those
with a low RS. These findings suggest that 21-gene RS test
results also have clinical utility in guiding chemotherapy 
decision for N1mi patients.

Several previous studies have indicated that there is no sig-

nificant difference in survival outcomes between patients
with N1mi disease and those with N0 disease [5,6,7,22].
However, other studies provide evidence that N1mi status
confers a worse prognosis compared to patients with N0 dis-
ease [9,10], and adjuvant therapy may improve disease-free
survival [23]. Our results indicate that 21-gene RS testing
may also provide prognostic information for patients with
N1mi disease. Higher RS were related to a higher risk of
breast cancer-related mortality. A study from a large pro-
spectively designed registry also showed that the 5-year dis-
tant relapse rate in low-, intermediate-, and high-risk RS was

Wei-Rong Chen, 21-Gene RS and Chemotherapy in N1mi Breast Cancer

Table 3.  Multivariate prognostic analysis of breast cancer-specific survival

OR, odds ratio; CI, confidence interval; RS, recurrence score; PR, progesterone receptor; TAILORx, Trial Assigning Individ-
ualized Options for Treatment.

Variable OR 95% CI p-value

Traditional RS cutoffs

Year of diagnosis 1.162 0.951-1.420 0.143
Age at diagnosis 2.254 1.009-5.036 0.048
Race/Ethnicity 1.322 1.027-1.701 0.030
Grade 2.024 1.259-3.255 0.004
Tumor stage 1.365 0.756-2.466 0.302
PR status 0.677 0.332-1.382 0.284
Surgical procedure 1.415 0.682-2.936 0.351
Radiotherapy 1.221 0.594-2.510 0.586
Chemotherapy 1.616 0.855-3.055 0.139
21-Gene RS 2.774 1.823-4.221 < 0.001

TAILORx RS cutoffs

Year of diagnosis
Age at diagnosis 2.338 1.049-5.213 0.038
Race/Ethnicity 1.298 1.012-1.665 0.040
Grade 1.852 1.157-2.963 0.010
Tumor stage 1.307 0.722-2.366 0.377
PR status 0.717 0.355-1.452 0.356
Surgical procedure 1.443 0.698-2.983 0.322
Radiotherapy 1.241 0.607-2.537 0.555
Chemotherapy 1.430 0.756-2.703 0.271
21-Gene RS 4.748 2.752-8.193 < 0.001

Traditional RS cutoffs+TAILORx RS cutoffs

Year of diagnosis
Age at diagnosis 2.338 1.049-5.213 0.038
Race/Ethnicity 1.298 1.012-1.665 0.040
Grade 1.852 1.157-2.963 0.010
Tumor stage 1.311 0.724-2.372 0.371
PR status 0.738 0.362-1.502 0.401
Surgical procedure 1.445 0.700-2.983 0.320
Radiotherapy 1.249 0.611-2.553 0.542
Chemotherapy 1.382 0.723-2.640 0.328
21-Gene RS (traditional cutoffs) 1.174 0.654-2.109 0.591
21-Gene RS (TAILORx cutoffs) 4.748 2.752-8.193 < 0.001 
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Variable
Traditional RS cutoffs TAILORx RS cutoffs

HR 95% CI p-value HR 95% CI p-value
Low-risk RS

Year of diagnosis 1.137 0.329-3.926 0.839 4.856 0.269-87.812 0.285
Age at diagnosis 4.097 0.488-34.388 0.194 - - 0.979
Race/Ethnicity 1.784 1.113-2.861 0.016 0.872 0.211-3.603 0.850
Grade 1.042 0.351-3.089 0.941 0.738 0.102-5.353 0.764
Tumor stage 2.386 0.646-8.814 0.192 2.249 0.191-26.484 0.519
PR status 0.142 0.030-0.670 0.014 - - 0.995
Surgical procedure 1.785 0.291-10.957 0.531 - - 0.976
Radiotherapy 1.312 0.215-7.998 0.768 - - 0.976
Chemotherapy 1.933 0.469-7.974 0.362 - - 0.983

Intermediate-risk RS
Year of diagnosis 2.193 0.932-5.158 0.072 1.474 0.552-3.934 0.439
Age at diagnosis 2.601 0.776-8.715 0.121 2.635 0.714-9.718 0.146
Race/Ethnicity 1.362 0.969-1.916 0.076 1.568 1.089-2.256 0.016
Grade 2.442 1.309-4.557 0.005 2.278 1.091-4.752 0.028
Tumor stage 1.176 0.511-2.703 0.703 1.464 0.539-3.978 0.455
PR status 0.899 0.302-2.679 0.848 0.502 0.142-1.772 0.284
Surgical procedure 1.425 0.490-4.140 0.515 2.288 0.901-4.752 0.082
Radiotherapy 0.797 0.277-2.297 0.675 1.247 0.301-5.167 0.761
Chemotherapy 1.751 0.781-3.926 0.174 1.386 0.522-3.682 0.512

High-risk RS
Year of diagnosis 1.601 0.539-4.750 0.397 1.559 0.755-3.218 0.230
Age at diagnosis 0.979 0.247-3.873 0.976 2.171 0.742-6.352 0.157
Race/Ethnicity 0.527 0.172-1.614 0.262 1.078 0.735-1.580 0.702
Grade 2.860 0.813-10.056 0.102 1.499 0.787-2.854 0.218
Tumor stage 1.594 0.521-4.874 0.414 1.241 0.578-2.663 0.579
PR status 0.608 0.201-1.835 0.377 0.760 0.332-1.739 0.516
Surgical procedure 0.931 0.244-3.552 0.917 1.060 0.434-2.593 0.898
Radiotherapy 2.615 0.817-8.371 0.106 1.230 0.513-2.950 0.642
Chemotherapy 0.940 0.243-3.628 0.929 1.439 0.573-3.611 0.438

RS, recurrence score; TAILORx, Trial Assigning Individualized Options for Treatment; HR, hazard ratios; CI, confidence 
interval; PR, progesterone receptor. 

Table 4. Multivariate prognostic analysis of breast cancer-specific survival by different 21-gene RS groups

Fig. 3.  The breast cancer-specific survival by 21-gene recurrence score (RS) groups. (A) Traditional RS cutoffs. (B) Trial 
Assigning Individualized Options for Treatment (TAILORx) RS cutoffs.
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1.2%, 8.1%, and 26.4%, respectively [24]. If various 21-gene
RS groups reflect differing biological behavior among pati-
ents with N1mi disease, it may be possible to promote better
outcomes through administration of chemotherapy to a high-
risk RS group with worsening prognosis.

There is a paucity of prospective data to address the value
of chemotherapy in N1mi patients. A study from the Nether-
lands showed that adjuvant therapy may improve disease-
free survival. However, only a limited number of patients

were treated with chemotherapy, and most of them received
hormonal therapy [23]. A recent study from the National
Cancer Database found that receipt of chemotherapy was 
related to better overall survival (HR, 0.55; 95% CI, 0.48 to
0.64; p < 0.001) [19]. However, there was potential selection
bias because the results of BCSS were not reported. In our
study, we only included patients with favorable clinico-
pathological features including small tumor size and ER-pos-
itive disease, and we did not find that receipt of chemo-

Wei-Rong Chen, 21-Gene RS and Chemotherapy in N1mi Breast Cancer

Fig. 4.  The association of chemotherapy with breast cancer-specific survival by 21-gene recurrence score (RS) groups. Tra-
ditional RS cutoffs: low-risk (A), intermediate-risk (B), and high-risk (C). Trial Assigning Individualized Options for Treat-
ment (TAILORx) RS cutoffs: low-risk (D), intermediate-risk (E), and high-risk (F).
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therapy was associated with better BCSS in patients with
N1mi disease. An American Society of Clinical Oncology
(ASCO) panel also indicated that chemotherapy may not be
beneficial or required for patients with HER2-negative 
tumors with micrometastatic nodal disease [25].

In patients with N0 and N1 disease, several studies have
found that chemotherapy receipt was associated with better
outcomes among patients in the high-risk RS group, but was
not related to better outcomes in low- and intermediate-risk
RS groups [13,14]. However, our study could not identify a
specific 21-gene RS subgroup which may benefit from
chemotherapy. The results were similar among patients with
traditional RS cutoffs or TAILORx RS cutoffs. In the recom-
mendation of the ASCO panel, chemotherapy may offer no
survival benefit in patients with an estimated distant recur-
rence risk of less than 15% at 10 years using the 21-gene RS
test [25]. In our study, even among patients in the high-risk
RS group, the 5-year BCSS was 91.9% and 91.5% using tradi-
tional RS cutoffs or TAILORx RS cutoffs, respectively, sug-
gesting that patients with high-risk RS may also not benefit
from chemotherapy. However, our study could not draw a
conclusion regarding the predictive value of the 21-gene RS
assay on chemotherapy. More studies are needed to investi-
gate the role of chemotherapy in patients with N1mi disease.

In our study, patients with non-Hispanic Black had poor
survival outcome than non-Hispanic White in the low-risk
RS group with traditional RS cutoffs, and patients with other
race/ethnicity had poor survival outcome compared to non-
Hispanic White in the intermediate-risk RS group with TAI-
LORx RS cutoffs. Racial disparities in mortality in different
21-gene RS groups may be related to the racial differences in
tumor biology among hormone receptor–positive, HER2-
negative breast tumors [26]. Therefore, advancement of our
knowledge in the biologic diversity of 21-gene RS testing
among different race/ethnicity groups could lead to impro-
vement in survival outcomes.

This study is limited by the retrospective design and the
potential for selection bias. Second, we do not have specific
information regarding endocrine therapy, endocrine therapy
adherence, chemotherapy regimen, the sequence of chemo-
therapy and surgery, as well as disease recurrence after pri-
mary treatment and history of treatment after disease recur-
rence. However, in the United States, the taxane-based regi-
mens had a sharp increase after 2005, and the majority of 

patients were receiving taxane-based chemotherapy, espe-
cially for patients who received 21-gene RS testing [27]. In
addition, the outcomes of our study were similar to previous
prospective trials including T1-2N0, ER-positive, and HER2-
negative breast cancer patients who received endocrine ther-
apy with or without chemotherapy [18,28], suggesting that
most patients also adhered to adjuvant endocrine therapy in
our study. Third, HER2 status and the receipt of anti-HER2
therapy were not available in the current SEER database.
However, most patients with HER2 status available were
HER2 negative disease (98.3%). Therefore, we can assume
that the vast majority of patients in our study have their 
21-gene RS testing based on clinical practice recommenda-
tions [29]. Moreover, as the median follow-up time in our
study was only 58 months, longer-term results are needed to
draw definitive conclusions on the utilization of 21-gene RS
testing in prognostic assessment and chemotherapy decision-
making of N1mi disease. Finally, it has been indicated that
there are many inaccuracies in the SEER program, with high
rates of under-reporting for chemotherapy receipt [30]. How-
ever, the primary strength of our study is that we assessed
the impact of 21-gene RS testing on chemotherapy decision
for N1mi disease, using a large population-based cancer reg-
istry. 

In conclusion, our study suggests that the 21-gene RS assay
does predict prognosis and impact on chemotherapy deci-
sion-making in breast cancer patients with N1mi disease.
Further study with a large cohort and long-term outcomes is
needed to establish the outcome of chemotherapy in N1mi
patients by different 21-gene RS groups.
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Patterns of Failure and Survival Trends in 3,808 Patients with 
Stage II Nasopharyngeal Carcinoma Diagnosed from 1990 to 2012: 
A Large-Scale Retrospective Cohort Study
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Purpose
The purpose of this study was to investigate the survival trends and patterns of failure in
patients with stage II nasopharyngeal carcinoma (NPC) treated with radiotherapy (RT) and
chemotherapy over the last 20 years.

Materials and Methods
Thirty-eight hundred and eight patients diagnosed with stage II NPC between January 1990
and December 2012 were involved in this retrospective cohort study. All patients were
treated with RT. According to the main imaging techniques and RT technology, we catego-
rized these patients into four calendar periods: 1990-1996, 1997-2002, 2003-2007, and
2008-2012. Overall survival (OS), progression-free survival (PFS), locoregional relapse-free
survival (LRFS), and distant metastasis–free survival (DMFS) were served as the clinical
outcome.

Results
After a median follow-up period of 84.7 months, we observed increasing trends in survival
and disease control. The 3- and 5-year OS rates increased from 87.1% and 78.7% in the
first calendar period to 97.4% and 94.5% in the last calendar period, respectively (p <
0.001). Additionally, significant increasing trends could be seen in the PFS and LRFS during
the four calendar periods. In the subgroup analysis, the LRFS in patients older than 50 years
at diagnosis showed greater improvement than younger patients. However, the rate of dis-
tant metastasis was stable and relatively low, as the 5-year DMFS ranged from 90.5% to
94.7% among the four calendar periods.

Conclusion
The survival rates in patients with stage II NPC showed increasing trends from 1990 to
2012. The advance of RT provided excellent locoregional control and enhanced OS.
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Introduction

Nasopharyngeal carcinoma (NPC) is a malignant head and
neck cancer with an unbalanced global distribution [1]. The
highest incidences are observed in Southern China and
Southeast Asia with a peak incidence of 50 cases per 100,000
[2]. Early lymphatic spread and high preference of distant
metastasis is the natural behavior of an NPC [3]. In the early
stage, the treatment of NPC mostly relies on radiotherapy
(RT). 

RT has been established as the primary treatment for NPC
since 1965. Ever since, with the improvement of RT tech-
niques and target volume delineation, the main RT method
evolved from 2-dimensional conventional radiotherapy
(2DCRT) to 3-dimensional conformal technique (3DRT), and
now to intensity-modulated radiotherapy (IMRT) has made
it possible to tailor the dose distribution to tumor volume.
Meanwhile, owing to the low dose distribution to normal tis-
sues, organs at risk such as brainstem, spinal cord, and optic
chiasma can be better protected. It has been previously 
reported that overall survival (OS) has been improved in 
patients with NPC in the last two decades [4-8]. The 5-year
OS rate was increased from 50% (1954-1992) to 77% (1990-
1999) and then to 85% (2000-2010). Several factors con-
tributed to the increase of survival outcome such as the use
of IMRT, development of imaging technology and RT plan-
ning [9-12], use of more effective chemotherapy [13], pro-
gress in the management of NPC and better supportive care
of patients. 

As the RT technique has improved in the last 20 years, we
investigated the failure pattern and trend of survival and dis-
ease control in patients with stage II NPC in this period of
time. Several studies have explored the change of prognosis
of NPC patients with the development of the RT method.
However, it was difficult to identify the significant difference
in survival trends because of the small sample or short-term
follow-up [14-17]. Thus, in order to identify the failure pat-
terns and trends of survival in patients diagnosed with stage
II NPC, we conducted a large-scale retrospective analysis,
which covered 3,808 patients with stage II NPC, diagnosed
in 1990-2012.  

Materials and Methods

1. Patient population 

From 1990 to 2012, all the patients were restaged according
to the seventh American Joint Committee on Cancer TNM

staging manual [18]. Finally, 3,808 patients diagnosed with
stage II NPC in our institute were included in this study. The
eligibility criteria were as follows: (1) histopathologically
confirmed NPC; (2) age ! 18 years; (3) received RT treatment;
(4) radiologically measurable disease; (5) Karnofsky perform-
ance score > 60; (6) absence of pregnancy, lactation, and other
malignant disease; and (7) normal renal and liver function.
All patients were evaluated by a complete physical exami-
nation, head and neck computed tomography (CT)/mag-
netic resonance imaging (MRI), chest radiograph, abdominal
sonography, electrocardiography, nasopharyngoscopy, bone
scan, or positron emission tomography computed tomogra-
phy (PET-CT), and complete blood test including differential
cell counts and biochemical profile. Other patient informa-
tion such as sex, age, hereditary NPC, smoking status, and
information on concurrent disease (e.g., diabetes mellitus
[DM]) was also collected after the pretreatment evaluations.

2. Treatment

All eligible patients were treated with RT based on the
treatment principle for NPC patients at Sun Yat-sen Univer-
sity Cancer Center. In 2002 or earlier, the main RT method
was 2DCRT; 3DRT/2-dimensional conformal technique with
computed tomography simulator (CT-SIM)/IMRT was 
increasingly used since 2003. A total dose of 66-72 Gy at
about 2 Gy per fraction was prescribed to planning target
volume 5 daily fractions per week. These types of RT tech-
niques and the design of the IMRT plan were reported in pre-
vious studies [19,20]. In all, 820 patients underwent at least
one cycle of cisplatin-based chemotherapy; of these, 490 
patients received concurrent chemoradiotherapy (CCRT),
260 patients received induction chemotherapy (IC)+RT, and
70 patients received IC+CCRT.

3. Follow-up and outcomes 

After the completion of treatment, patients were evaluated
at least once every 3 months during the first 3 years and
every 6 months thereafter until death. We conducted a com-
plete physical examination of the patient at each follow-up
visit. Nasopharyngoscopy, CT, MRI of the head and neck,
chest radiography, abdominal sonography, bone scan or
PET-CT were performed when tumor relapse occurred. Bio-
psy was used to confirm malignancy for patients with recur-
rent local or suspected residual disease.

4. Statistics 

The primary study endpoint was OS, defined as the period
from the date of treatment to the date of death from any
cause. Then, we calculated the following parameters: pro-
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Table 1.  Patient demographics and clinical characteristics

Values are presented as number (%). p-value was calculated with the Pearson chi-square test. 2DCRT, two-dimensional con-
ventional radiotherapy; CT-SIM, computed tomography simulator; 3DRT, three-dimensional conformal radiotherapy; IMRT,
intensity-modulated radiotherapy; CT, computed tomography; MRI, magnetic resonance imaging; PET, positron emission
computer tomography; RT, radiotherapy; CRT, chemoradiotherapy; VCA, viral capsid antigen; EA, early antigen; NPC, 
nasopharyngeal carcinoma. a)2DRT planed with CT-SIM, b)The VCA-IgA and EA-IgA detection were not carried out for all
patients.

Characteristic Total 1990-1996 1997-2002 2003-2007 2008-2012 p-value
Age (yr)
! 39 1,038 (27.3) 327 (28.2) 281 (28.2) 221 (27.0) 209 (27.2) 0.325
40-49 1,278 (33.6) 423 (34.6) 321 (32.2) 255 (31.1) 279 (36.3)
50-59 990 (26.0) 323 (26.4) 258 (25.9) 232 (28.3) 177 (23.0)
" 60 502 (13.2) 149 (12.2) 137 (13.7) 1,112 (13.7) 104 (13.5)

Sex
Female 1,078 (28.3) 348 (28.5) 292 (29.3) 211 (25.7) 227 (29.5) 0.293
Male 2,730 (71.7) 874 (71.5) 705 (70.7) 609 (74.3) 542 (70.5)

T category
T1 659 (17.3) 220 (18.0) 139 (13.9) 138 (16.8) 162 (21.1) 0.001
T2 3,149 (82.7) 1,002 (82.0) 858 (86.1) 682 (83.2) 607 (78.9)

N category
N0 1,364 (35.8) 453 (37.1) 400 (40.1) 280 (34.1) 231 (30.0) < 0.001
N1 2,444 (64.2) 796 (62.9) 597 (59.9) 540 (65.9) 538 (70.0)

Radiotherapy technique
2DCRT 3,181 (83.5) 1,222 (100) 981 (98.4) 680 (82.9) 298 (38.8) < 0.001
CT-SIMa) 74 (1.9) 0 ( 0 ( 33 (4.0) 41 (5.3)
3DRT 57 (1.5) 0 ( 8 (0.8) 22 (2.7) 27 (3.5)
IMRT 496 (13) 0 ( 8 (0.8) 85 (10.4) 403 (52.4)

Image technique
CT 2,319 (60.9) 1,222 (100) 939 (94.2) 151 (18.4) 7 (0.9) < 0.001
MRI 1,356 (35.6) 0 ( 58 (5.8) 638 (77.8) 660 (85.8)
PET-CT+MRI 133 (3.5) 0 ( 0 ( 31 (3.8) 102 (13.3)

Type of treatment
RT 2,988 (78.5) 1,084 (88.7) 925 (92.8) 587 (71.6) 392 (51.0) < 0.001
CRT 820 (21.5) 138 (11.3) 72 (7.2) 233 (28.4) 377 (49.0)

VCA-IgAb)

" 1:160 1,776 (50.3) 606 (57.5) 554 (60.5) 333 (42.0) 283 (36.8) < 0.001
< 1:160 1,754 (49.7) 447 (42.5) 362 (39.5) 460 (58.0) 485 (63.2)

EA-IgAb)

" 1:10 2,299 (65.1) 586 (55.7) 678 (74.0) 565 (71.2) 470 (61.2) < 0.001
< 1:10 1,231 (34.9) 467 (44.3) 238 (26.0) 228 (28.8) 298 (38.8)

Smoking
No 2,211 (58.1) 648 (53.0) 588 (59.0) 468 (57.1) 507 (65.9) < 0.001
Yes 1,597 (41.9) 574 (47.0) 409 (41.0) 352 (42.9) 262 (34.1)

Diabetes mellitus
No 3,722 (97.7) 1,217 (99.6) 990 (99.3) 797 (97.2) 718 (93.4) < 0.001
Yes 86 (2.3) 5 (0.4) 7 (0.7) 23 (2.8) 51 (6.6)

Family history of NPC
No 3,385 (88.9) 1,138 (93.1) 875 (87.8) 706 (86.1) 666 (86.6) < 0.001
Yes 423 (11.1) 84 (6.9) 122 (12.2) 114 (13.9) 103 (13.4)
Total 3,808 (100) 1,222 (32.1) 997 (26.2) 820 (21.5) 769 (20.2)
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gression-free survival (PFS), defined as the time from the
date of treatment to the date of relapse at any site or death
from any cause; locoregional relapse–free survival (LRFS),
defined as the time from date of treatment to the date of
local/regional relapse; and distant metastasis–free survival
(DMFS), defined as the time from date of treatment to the
date of distant metastasis. Statistical analysis was performed
using SPSS package for Mac ver. 21.0 (IBM Corp., Armonk,
NY). Relationship between the calendar periods and clinical
characteristics of NPC was evaluated by the chi-square test.
Kaplan-Meier survival curves were used to estimate patient
survival, and survival rates were compared using the log-
rank test. A Cox proportional hazard model was used to per-
form multivariate analyses involving the following variables:
age, sex, T category, N category, smoking status, DM, family
history of NPC, type of treatment, and RT technique. All
analyses were two-sided. The level of significance was set at
p < 0.05. 

5. Ethical statement

This study was approved by the Research Ethics Commit-
tee of the Sun Yat-sen University Cancer Center, China and
performed in accordance with the principles of the Declara-
tion of Helsinki. Written informed consents were obtained.

Results

1. Patient characteristics

A total of 3,808 consecutive patients (2,730 male and 1,078
female) with stage II NPC who received treatment between
January 1990 and December 2012 at Sun Yat-sen University
Cancer Center (median age, 46 years; range, 18 to 93 years)
were enrolled. No significant differences were observed with
respect to age and sex among patients in the four calendar
periods (Table 1). However, there were significant differ-
ences for the clinical stage, RT technique, image technique,
type of treatment, viral capsid antigen IgA, early antigen IgA,
smoking, DM, and family history of NPC (p < 0.05). As
shown in Table 1, the incidence of NPC patients with dia-
betes showed an increasing trend, while the incidence of
NPC patients with smoking showed a decreased trend dur-
ing the four calendar periods. In addition, an increasing
number of patients underwent cisplatin-based chemotherapy
after 2003.

2. Survival

The median follow-up period for the entire patient cohort
was 84.7 months (range, 1 to 290 months). The details of the
3-, 5-, 7-, 10-, 15-, and 20-year OS, PFS, LRFS, and DMFS rates
in the four calendar periods are illustrated in Table 2. With
regard to OS, the 3-year and 5-year OS rate increased from
87.1% and 78.7% in the first period to 97.4% and 94.5%, 
respectively, in the last calendar period. The 7- and 10-year
OS rates also showed an increasing trend (except that there
was no data on the 7- and 10-year OS rate for the period from
2008 to 2012). By 2007, the 7- and 10-year OS rate was up to
88.4% and 83.0%, respectively. The increasing trends of the
3-, 5-, 7-, and 10-year OS rates were statistically significant in
patients diagnosed before and after 2003. Similar results were
found in the 3-, 5-, 7-, and 10-year PFS rates and LRFS rates.
However, regarding the DMFS rate, the 3-, 5-, 7-, and 10-year
DMFS rates remained high (ranging from 87.6% to 96%) dur-
ing the four calendar periods, which indicated a low distant
metastasis rate for stage II NPC patients. We also found that
the lowest DMFS rate was in the period 1997-2002, and a
small percentage of patients were treated with chemotherapy
during this calendar period. 

As shown in Table 3, the distant relapse rate decreased
from 6.8% in the first period to 3.4% in the last calendar 
period, while the local relapse and regional relapse rates 
decreased from 19.6% and 12.2% in the first period to 1.7%
and 1.2% in the last calendar period. From the statistics
above, we found that the main pattern of treatment failure
of NPC is the change from recurrence to distant metastasis.

The OS, PFS, LRFS, and DMFS curves of patients with
stage II NPC diagnosed in the four calendar periods are
shown in Fig. 1A-D. We found that there was a remarkable
improvement in OS, PFS, and LRFS of the patients diagnosed
in 2003-2007 and 2008-2012, compared with those diagnosed
in 1990-1996 and 1997-2002, which showed that the differ-
ences of OS, PFS, and LRFS in patients among the four cal-
endar periods were statistically significant (p < 0.001). Even
though the difference of DMFS in patients among the four
calendar periods was statistically significant (p=0.001), the
DMFS curves of the patients diagnosed in 1990-1996, 2003-
2007, and 2008-2012 were superimposable. In addition, we
found that there was a remarkable improvement in DMFS of
those patients diagnosed in 1990-1996, 2003-2007, and 2008-
2012, compared with those diagnosed in 1997-2002. 

The 5-year OS, PFS, LRFS, and DMFS rates of the four cal-
endar periods subdivided by age-layers are shown in Fig.
2A-D. The 5-year OS, LRFS, and PFS rate of patients in all
four age categories showed a rising trend (Fig. 2A-C). Inter-
estingly, this increasing trend of LRFS rate was, in particular,
most obvious in patients in the age categories of 50-59 and 
! 60 years (Fig. 2C). Fig. 2D shows that the 5-year DMFS rate,
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Survival rate (95% CI, %)

1990-1996 1997-2002 2003-2007 2008-2012

OS (yr)

3 87.1 (85.1-89.1) 90.8 (89.0-92.6) 95.7 (94.3-97.1) 97.4 (96.2-98.6)

5 78.7 (76.3-81.1) 80.2 (77.7-82.7) 92.0 (90.0-94.0) 94.5 (92.1-96.9)

7 70.2 (67.7-72.7) 72.5 (69.6-75.4) 88.4 (86.0-90.8)

10 60.5 (57.6-63.4) 63.2 (60.1-66.3) 83.0 (79.1-87.0)

15 48.1 (45.2-51.0) 50.9 (47.0-54.8)

20 38.4 (35.1-41.7)

PFS (yr)

3 78.9 (76.5-81.3) 80.6 (78.1-83.1) 89.3 (87.1-91.5) 92.5 (90.5-94.5)

5 70.3 (67.8-72.8) 70.1 (67.2-73.0) 85.8 (94.5-99.5) 90.6 (88.2-93.0)

7 63.1 (60.4-65.8) 63.1 (60.0-66.2) 81.4 (78.7-84.1)

10 54.3 (51.4-57.2) 56.7 (53.6-59.8) 77.2 (73.1-81.3)

15 45.2 (42.3-48.1) 47.2 (43.5-50.9)

20 35.8 (32.5-39.1)

LRFS (yr)

3 84.3 (82.1-86.5) 88.3 (86.3-90.3) 92.9 (91.1-94.7) 95.6 (94.0-97.2)

5 77.3 (75.0-79.7) 80.8 (78.3-83.3) 90.4 (88.4-92.4) 95.4 (93.8-97.0)

7 71.9 (69.2-74.6) 76.1 (73.4-78.8) 88.0 (85.6-90.4)

10 66.1 (63.2-69.0) 73.0 (70.1-75.9) 86.5 (83.8-89.2)

15 61.2 (58.3-64.1) 70.8 (67.5-74.1)

20 59.8 (56.7-62.9)

DMFS (yr)

3 95.6 (94.4-96.8) 93.0 (91.4-94.6) 96.0 (94.6-97.4) 95.8 (94.2-97.4)

5 93.8 (92.4-95.1) 90.5 (88.5-92.5) 94.7 (93.1-96.3) 94.3 (92.3-96.3)

7 92.3 (90.7-93.9) 88.6 (86.4-90.8) 93.0 (91.2-94.8)

10 91.4 (89.6-93.2) 87.6 (85.4-89.8) 92.2 (90.2-94.2)

15 90.6 (88.6-92.6) 86.3 (83.8-88.8)

20 89.4 (87.0-91.8)

NPC, nasopharyngeal carcinoma; CI, confidence interval; OS, overall survival; PFS, progression-free survival; LRFS, locore-

gional relapse–free survival; DMFS, distant metastasis–free survival.

Table 2. Survival outcomes for the patients with stage II NPC in the four calendar periods

Table 3.  Pattern of failure: the whole series and different groups

Values are presented as number (%).

1990-1996 (n=1,222) 1997-2002 (n=997) 2003-2007 (n=820) 2008-2012  (n=769)

Local 239 (19.6) 147 (14.7) 60 (7.3) 13 (1.7)

Regional 149 (12.2) 79 (7.9) 17 (2.1) 9 (1.2)

Distant 83 (6.8) 102 (10.2) 43 (4.2) 26 (3.4)

Local+regional 12 (1.0) 10 (1.0) 5 (0.6) 1 (0.1)

Distant+local 10 (0.8) 11 (1.1) 7 (0.9) 3 (0.4)

Distant+regional 2 (0.2) 1 (0.1) 3 (0.4) 5 (0.7)

Distant+local+regional 1 (0.1) 1 (0.1) 3 (0.4) 1 (0.1)

Overall 496 (40.6) 351 (35.2) 138 (16.8) 58 (7.5)
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regardless of age categories and calendar periods, remained
stable and relatively high. 

Recent studies have shown that the evolution of RT pro-
vided excellent locoregional control and enhanced OS in 
patients with NPC. To further assess the prognostic value of
the RT technique in stage II NPC patients, 3,808 patients were
divided into four groups, based on RT techniques. As shown
in Fig. 3A-D, a remarkable improvement was seen in OS,
PFS, and LRFS of patients treated with CT-SIM/3DRT/
IMRT, compared with those treated with 2DCRT, suggesting
that the differences were statistically significant (p < 0.001),
except for the DMFS (p=0.227). From the survival curves, we
also found that the highest LRFS rate was in the cohort of the
IMRT arms. This result indicated that IMRT improved 
locoregional control thanks to the evolution of RT technique.
As almost all patients received 2DCRT before 2003, we fur-

ther analyzed the patients’ survival in the different RT
method arms during 2003-2012 to avoid the potential bias, in
which we found OS and LRFS were still higher in IMRT arm
than 2DCRT. However, no significant difference was found
in PFS and DMFS (Fig. 4A-D).

Grouped by the treatment method, the differences in OS,
PFS, and LRFS between the RT-alone and RT+chemotherapy
group were significant except for DMFS (p < 0.001, p < 0.001,
p < 0.001, and p=0.850, respectively) (Fig. 5A-D). Table 4
shows OS, PFS, LRFS, and DMFS at 3, 5, 7, 10, 15, and 20
years in the two groups. OS was higher for patients in the
RT+ chemotherapy group than for patients in the RT-alone
group at each time point. Similar results were found for PFS
and LRFS, but there was no significant difference for DMFS.

A multivariate Cox proportional hazards model was gen-
erated that incorporated the following variables: age, sex, T

Xue-Song Sun, Survival Trends of Stage II NPC from 1990 to 2012

Survival rate (95% CI, %)

RT alone RT+chemotherapy

OS (yr)

3 91.3 (90.3-92.3) 94.5 (92.9-96.1)
5 83.6 (82.2-85.0) 88.9 (86.5-91.3)
7 76.6 (75.0-78.2) 82.3 (79.0-85.6)
10 67.3 (65.3-69.3) 73.0 (68.1-77.9)
15 53.3 (50.8-55.8) 63.4 (56.9-69.9)
20 42.4 (39.1-45.7) 55.3 (47.3-63.3)

PFS (yr)

3 83.5 (82.1-84.9) 87.2 (84.8-89.6)
5 75.7 (74.1-77.3) 82.0 (79.1-84.9)
7 69.2 (67.4-71.0) 76.0 (72.5-79.5)
10 61.6 (59.6-63.6) 68.7 (64.0-73.4)
15 50.5 (48.1-52.9) 58.7 (52.0-65.4)
20 40.0 (36.7-43.3) 51.9 (44-1-59.7)

LRFS (yr)

3 88.7 (87.5-89.9) 92.2 (90.2-94.2)
5 82.9 (81.5-84.3) 89.4 (87.0-91.8)
7 78.4 (76.8-80.0) 85.6 (82.7-88.5)
10 74.0 (72.2-75.8) 82.1 (78.2-86.0)
15 69.9 (67.7-72.1) 77.0 (71.3-82.7)
20 67.7 (65.0-70.4) 77.0 (71.3-82.7)

DMFS (yr)

3 95.3 (94.5-96.1) 94.7 (93.1-96.3)
5 93.4 (92.4-94.4) 92.7 (90.7-94.7)
7 91.7 (90.5-92.9) 91.5 (89.3-93.7)
10 90.7 (89.5-91.9) 91.0 (88.6-93.4)
15 89.7 (88.3-91.1) 88.9 (84.2-93.6)
20 88.1 (85.9-90.3) 88.9 (84.2-93.6)

NPC, nasopharyngeal carcinoma; CI, confidence interval; RT, radiotherapy; OS, overall survival; PFS, progression-free sur-
vival; LRFS, locoregional relapse–free survival; DMFS, distant metastasis–free survival.

Table 4. Survival outcomes for the patients with stage II NPC in different treatment methods
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Table 5.  Multivariable analysis of prognostic factors of the 3,808 patients with stage II NPC

A Cox proportional hazards regression model was used to detect variables. All variables were transformed into categorical

variables. HRs were calculated for age (yr) (! 60 vs. 50-59 vs. 40-49 vs. " 39); sex (male vs. female); T category (II vs. I); N cat-

egory (I vs. 0); smoking (yes vs. no); diabetes mellitus (yes vs. no); family history of NPC (yes vs. no); type of treatment (CRT

vs. RT); and radiotherapy technique (IMRT vs. 3DRT vs. CT-SIM vs. 2DCRT). NPC, nasopharyngeal carcinoma; HR, hazard

ratio; CI, confidence interval; CRT, chemoradiotherapy; RT, radiotherapy; IMRT, intensity-modulated radiotherapy; 3DRT,

three-dimensional conformal radiotherapy; CT-SIM, computed tomography simulator; 2DCRT, two-dimensional conven-

tional radiotherapy. 

HR (95% CI) p-value
Overall survival 

Age (yr) 1.344 (1.287-1.403) < 0.001

Sex 1.209 (1.032-1.417) 0.019

T category 1.237 (1.054-1.453) 0.009

N category 1.723 (1.511-1.964) < 0.001

Smoking 1.189 (1.039-1.360) 0.012

Diabetes mellitus 0.922 (0.561-1.514) 0.748

Family history of NPC 0.793 (0.646-0.974) 0.027

Type of treatment 0.762 (0.637-0.911) 0.003

Radiotherapy technique 0.634 (0.542-0.742) < 0.001

Progression-free survival
Age (yr) 1.262 (1.212-1.315) < 0.001

Sex 1.214 (1.051-1.403) 0.009

T category 1.235 (1.063-1.434) 0.006

N category 1.599 (1.417-1.805) < 0.001

Smoking 1.108 (0.979-1.255) 0.104

Diabetes mellitus 0.929 (0.602-1.435) 0.741

Family history of NPC 0.821 (0.681-0.990) 0.039

Type of treatment 0.800 (0.683-0.937) 0.006

Radiotherapy technique 0.758 (0.688-0.837) < 0.001

Locoregional relapse-free survival 
Age (yr) 1.154 (1.093-1.218) < 0.001

Sex 1.150 (0.956-1.384) 0.138

T category 1.482 (1.202-1.828) < 0.001

N category 1.514 (1.294-1.770) < 0.001

Smoking 1.043 (0.886-1.227) 0.616

Diabetes mellitus 0.605 (0.300-1.218) 0.159

Family history of NPC 0.837 (0.657-1.067) 0.152

Type of treatment 0.699 (0.565-0.865) 0.001

Radiotherapy technique 0.696 (0.607-0.799) < 0.001

Distant metastasis-free survival 
Age (yr) 1.119 (1.023-1.224) 0.014

Sex 1.495 (1.095-2.041) 0.011

T category 1.230 (0.900-1.681) 0.194

N category 1.732 (1.327-2.261) < 0.001

Smoking 1.000 (0.773-1.294) 0.998

Diabetes mellitus 1.448 (0.710-2.953) 0.308

Family history of NPC 0.949 (0.654-1.377) 0.783

Type of treatment 0.994 (0.739-1.337) 0.969

Radiotherapy technique 0.891 (0.768-1.034) 0.130
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category, N category, smoking, DM, family history of NPC,
type of treatment, and RT technique. After adjusting for a 
variety of risk factors, age, sex, T category, N category, smok-
ing, family history of NPC, type of treatment and RT tech-
nique remained independent prognostic factors for OS.
Multivariate analysis also showed that age, sex, T category,
N category, family history of NPC, type of treatment, and RT
technique were significantly associated with PFS; while, age,
T category, N category, type of treatment, and RT technique
remained independent prognostic factors for LRFS. As for
DMFS, only age, sex, and N category remained independent
prognostic factors (Table 5). 

Discussion

The treatment of stage II NPC has mostly relied on RT.
With the development of RT technique and target volume
delineation, the RT method evolved from 2DCRT to IMRT
and the CT-SIM and 3DRT belong to the intergradation. In
this study, we aimed to assess the change of clinical outcome
in patients diagnosed with stage II NPC in light of the evolu-
tion in RT methods. According to the development of image
techniques and RT technology, patients were categorized
into four calendar periods. To our best knowledge, this is the
first large-scale cohort study with 3,808 patients and a rela-
tively long-term follow-up of > 20 years. It was encouraging
to see that the prognosis of patients with stage II NPC
showed significant improvements in the last two decades in
terms of OS, PFS, and LRFS, but not so with respect to DMFS.

The OS rate of patients was much higher since 2003 than
before. The 5-year OS rate was 78.7%, 80.2%, 92%, and 94.5%,
respectively, in the four calendar periods. This change is in
accordance with the evolution of the RT method. As seen in
Fig. 3, patients in the CT-SIM/3DRT/IMRT arm showed
more satisfactory clinical outcome than those in the 2DCRT
arm. Previous reports also suggested that patients benefited
from the evolution of RT technique [5,8,10,14-17]. Other fac-
tors may contribute to the result, such as the application of
more effective chemotherapy [3,21]; salvage treatments inclu-
ding reirradiation [22] and surgery after relapse; advances in
imaging technology; and supportive care improvement. 

In terms of LRFS, the survival trends were obviously dif-
ferent in the last 20 years. The 5-year LRFS rate was 77.3%,
80.8%, 90.4%, and 95.4%, respectively, in the four calendar
periods. We considered that the gradual performance of
IMRT contributes to the improvement of locoregional con-
trol. As shown in Fig. 3, a remarkable improvement in pati-
ents’ LRFS was shown in the analysis on survival compari-
son between the 2DCRT arm and the IMRT arm during the

entire study period from 1990 to 2012, which was likely 
because of the more satisfactory dose distribution covering
the tumor target area and the higher radiation dose admin-
istered in IMRT than 2DCRT methods. Other studies also 
reported similar results that the IMRT changed the locore-
gional failure of the early-stage NPC [8,23-25].

Although the locoregional failure rate was controlled
through the evolution of the RT method, we did not achieve
the same improvement trend for survival according to
DMFS. As shown in Table 2, the 5-year DMFS rate was low-
est in the period 1997-2002 (90.5%) and was similar in the
other three calendar periods (93.8%, 94.7%, and 94.3% in
1990-1996, 2003-2007, and 2008-2012, respectively). The 
5-year DMFS rate was higher in the first period than the sec-
ond period, which is different from other survival indicators.
The possible attributing factors include (1) more accurate 
imaging techniques such as with the advent of MRI, bone
scan, and PET-CT that definitely allow more accurate detec-
tion of metastatic lesions, which may have been neglected in
the period from 1990 to 1996; (2) the high recurrence rate and 
unsatisfactory salvage treatment partly contributed to pati-
ent mortality prior to the occurrence of distant metastasis;
and (3) the application of chemotherapy was considered as
the protective factor for distant metastasis among II stage
NPC [26]. Meanwhile, a smaller percentage of patients trea-
ted with chemotherapy during this calendar period, which
may be another reason for the higher metastatic rate. Fur-
thermore, we found that distant relapse decreased from 6.8%
in the first period to 3.4% in the last calendar period, while
the local relapse and regional relapse decreased from 19.6%
and 12.2% in the first period to 1.7% and 1.2% in the last cal-
endar period, respectively. That is to say, in the early (1990-
2002) era, local and regional recurrence was the main pattern
of treatment failure, which was changed in the later period,
in that distant metastasis became the most important factor
leading to treatment failure. 

According to previous studies, the application of chemo-
therapy was a protective factor for II stage NPC patients.
Kang et al. [27] observed that concurrent treatment with 
5-fluorouracil and cisplatin improved PFS and LRFS at 5
years significantly in patients with stage II NPC. Here, we
evaluated the role of chemotherapy in 3,808 patients with
stage II NPC treated with a longer median follow-up (84.7
months). All the potential prognostic factors were considered
in multivariate analysis. Similarly, we found that application
of chemotherapy benefited patients significantly in terms of
OS, LRFS, and PFS, whereas DMFS was comparable between
the two arms. These data supported the view that chemo-
therapy helps to control local disease and achieve long-term
survival in stage II NPC.

Age is another important prognostic factor in NPC patients
[28,29]. To explore the survival change of patients in different
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age groups, we divided our patients into four subgroups 
(! 39, 40-40, 50-59, and " 60 years). In patients diagnosed with
stage II NPC, the OS, PFS, and LRFS rates showed increasing
trends in all age groups. In terms of OS, we could see that
the 5-year OS rate was increased by 15%-18% in all of the age
groups. In the same calendar period, patients in the younger
age group revealed higher survival rate. Similarly, the 5-year
LRFS rate of patients with NPC stage II in all age groups 
increased over time owing to advanced techniques and better
treatment, in particular among patients aged > 50 years,
which achieved about 23% increase in the 5-year LRFS rates.
The 5-year DMFS rates of patients in all the age groups 
remained stable and high among the four calendar periods,
ranging from 87% to 97%. 

We acknowledge that our study has some limitations.
First, the data were collected from a single institution, and
the results should therefore be validated by multi-centric
clinical study. Second, it was challenging to update accurate
data about the late RT-toxicities as time passed by, so we
were unable to compare the rates of the side effects of RT in
the different calendar periods. Third, only patients with stage
II NPC were included in the discussion, so this study cannot
fully reflect the prognostic tendencies and failure patterns of
other stages of NPC. Nevertheless, we believe our results are
promising from the treatment progress of stage II NPC in the
last 20 years. This has encouraged us to conduct further stud-
ies on patients with local-advanced NPC, which are presen-
tly ongoing with interesting and encouraging results.  
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Novel Prognostic Nomograms Based on Inflammation-Related 
Markers for Patients with Hepatocellular Carcinoma Underwent 
Hepatectomy

Original Article

Purpose
Hepatocellular carcinoma (HCC) is an aggressive disease with high recurrence rate. How-
ever, current staging systems were lack of predictive capacity for HCC recurrence. We aimed
to develop prognostic nomograms based on inflammation-related markers for HCC patients
underwent hepatectomy.

Materials and Methods
We recruited 889 surgically treated patients from two medical centers. Independent prog-
nostic factors were identified by cox regression analyses. Nomograms for recurrence-free
survival (RFS) and overall survival (OS) were established and validated internally and exter-
nally. The performance, discrimination, and calibration of nomograms were assessed and
compared with existed staging systems.

Results
Neutrophil to lymphocyte ratio (NLR) and gamma-glutamyl transpeptidase to platelet ratio
(GPR) were the two inflammation-related factor that independently correlated with survival.
NLR, GPR, international normalized ratio (INR), microvascular invasion, satellite lesions,
tumor number, tumor diameter, and macrovascular invasion were used to construct nomo-
gram for RFS while GPR, total bilirubin, INR, !-fetoprotein, microvascular invasion, satellite
lesions, tumor diameter, and macrovascular invasion were for OS. In the training cohort,
the C-index of nomogram was 0.701 (95% confidence interval [CI], 0.669 to 0.732) for RFS
and 0.761 (95% CI, 0.728 to 0.795) for OS. These results received both internal and exter-
nal validation with C-index of 0.701 (95% CI, 0.647 to 0.755) and 0.707 (95% CI, 0.657 to
0.756) for RFS, and 0.706 (95% CI, 0.640 to 0.772) and 0.708 (95%CI, 0.646 to 0.771)
for OS, respectively. The nomograms showed superior accuracy to conventional staging sys-
tems (p < 0.001).

Conclusion
The nomograms based on inflammation-related markers are of high efficacy in predicting
survival of HCC patients after hepatectomy, which will be valuable in guiding postoperative
interventions and follow-ups.

Key words
Hepatocellular carcinoma, Inflammation, Resection, Survival, 
Nomograms
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most common

cancer and the third leading cause of cancer-related death

worldwide [1]. Surgical resection is recognized as one of the

most important curative treatments. But the high post-resec-

tion recurrence rate of approximately 70% threatens the long-

term survival of HCC patients [2,3]. Current staging systems

such as Barcelona Clinic Liver Cancer (BCLC) and 7th Amer-

ican Joint Committee on Cancer (AJCC) cannot accurately

predict recurrence and survival, because the individual prog-

nosis is affected by various risk factors including patients’

general condition and their tumor characteristics whereas

these systems only considered limited variables. Therefore,

it is meaningful to come up with an improved tool that can

perform individualised evaluation of postoperative recur-

rence and survival by enrolling potential risk factors. With

this tool, clinicians can identify surgical patients with poor

survival at the earliest stage and consequently perform addi-

tional interventions to prohibit or delay the recurrence and

prolong life expectancy.

Annually, China contributes to almost half of new HCC

cases in the world, and a majority of these HCCs are devel-

oped with an underlying chronic hepatitis B virus (HBV) 

infection [4]. Several recent studies have revealed the signif-

icant association between chronic inflammatory diseases and

higher incidence of malignant cancers including HCC [5-7].

In this regard, given that HBV-related HCC is developed in

the inflammatory microenvironment, it is reasonable to cor-

relate with systemic inflammation [6,7]. Inflammatory hema-

tological or biochemical components such as monocyte, neu-

trophil, or lymphocyte have been used to reflect tumor status

via various combinations entitled as inflammation-related

markers [8,9]. Emerging evidences suggested that preopera-

tive peripheral inflammatory indices might be capable of

predicting the prognosis of HCC patients, including neu-

trophil to lymphocyte ratio (NLR) [9], platelet to lymphocyte

ratio (PLR) [10], lymphocyte to monocyte ratio (LMR) [11],

gamma-glutamyl transpeptidase to platelet ratio (GPR) [12],

prognostic nutritional index (PNI) and systemic immune-

inflammation index (SII) [13,14]. Besides, aspartate amino-

transferase (AST) also plays an important role in evalua-

ting the level of inflammation-induced liver injury and cor-

relates with HCC mortality, so AST-related inflammatory

markers such as AST to platelet ratio index (APRI) [15], AST

to neutrophil ratio index (ANRI) [16], and AST to lympho-

cyte ratio index (ALRI) [14] were also reported.

However, most previous studies only investigated one or

two of these inflammatory markers at one time [9-18], which

are insufficient to predict prognosis considering the hetero-

geneous nature of HCC and its complicated microenviron-

ment. Besides, studies focusing on HBV-related HCC were

rare. Therefore, a comprehensive and applicable model by

incorporating available inflammatory markers of prognostic

significance with other potential prognostic factors would be

valuable for HCC patients with chronic HBV hepatitis infec-

tion who underwent hepatectomy. Nomogram refers to an

easy-to-operate tool used to predict the survival outcomes of

HCC patients [19-21]. The models were developed mainly

using patient-, treatment-, and tumor-related features [19-22].

However, no predictive nomogram was built depending on

the analysis of overall existed inflammation-related markers

until now. 

In this study, we recruited a large Chinese population to

build and validate prognostic nomograms for HCC patients

who underwent curative hepatectomy based on peripheral

inflammation-related markers and accessible clinical param-

eters, to guide postoperative adjuvant interventions and fol-

low-ups. 

Materials and Methods

1. Study population

We retrospectively reviewed the medical records of all

adult patients diagnosed with primary HCC who underwent

curative resection as initial treatment at the First Affiliated

Hospital of Sun Yat-sen University (FAHSYSU) and Sun Yat-

sen University Cancer Center (SYSUCC) from November

2003 through December 2015. The inclusion criteria were

adopted as follows: (1) 18 years old and above; (2) HBV sur-

face antigen (HBsAg) positive; (3) without preoperative treat-

ment for HCC; (4) sufficient liver functional reserve: Child-

Pugh class A or B; (5) histologically proven HCC; (6) no his-

tory of other malignancies; and (7) absence of pathologic

tumor-positive resection margins. The exclusion criteria were

as follows: (1) HBV and other hepatitis virus co-infection; (2)

combined HCC and cholangiocarcinoma; (3) incomplete clin-

ical data; (4) lost to follow-up or insufficient follow-up time;

and (5) radiologic evidence of extrahepatic metastasis.

Among 1,244 patients received curative resection, 1,092 were

with HBsAg positive. Two hundred and three patients were

excluded due to the following reasons: age < 18 years (n=5),

co-infected hepatitis (n=23), other malignancies (n=12), 

incomplete data (n=84), and insufficient follow-up time

(n=79). Finally, 654 patients from FAHSYSU were enrolled

in this study and randomly assigned into the training (n=457)

and the internal validation (n=197) cohorts in a 7:3 ratio. An

independent group of 235 patients from SYSUCC were des-

ignated as the external validation cohort. The workflow dia-
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gram of patient selection was shown in Fig. 1. 

2. Data collection

The following clinical information was collected, including
(1) preoperative patient characteristics (age, sex, leukocyte
count, neutrophil ratio, monocyte ratio, lymphocyte ratio,
haemoglobin, platelet, albumin, AST, alanine aminotrans-
ferase (ALT), gamma-glutamyl transpeptidase (GGT), total
bilirubin (TBIL), prothrombin time (PT), international nor-
malized ratio (INR), !-fetoprotein (AFP), Eastern Coopera-
tive Oncology Group performance status, and Child-Pugh
class); (2) tumor radiological features (tumor number, tumor
diameter, macrovascular invasion, and BCLC stage); (3) 
resection factors (resection margin); and (4) pathological fac-
tors (Edmonson-Steiner tumor differentiation, cirrhosis, sate-
llite lesions, microvascular invasion as well as tumor cap-
sule). 

3. Formulas of inflammation-related markers 

Inflammation-related markers including NLR, PLR, LMR,
GPR, APRI, ANRI, ALRI, SII, and PNI were taken within 14

days prior to surgery. Detailed formulas were shown in 
S1 Table.

4. Hepatic resection

Surgery (open hepatectomy, n=843; laparoscopic hepatec-
tomy, n=46) was performed by surgeons have more than 
10-year experience. The management guidelines for choosing
open and laparoscopic liver resection were nearly the same.
Intraoperative ultrasound was routinely used to detect the
tumor burden, location, and invasion of tumor into blood
vessels. Resection types composed of non-anatomic resection
and anatomic resection and was chosen mainly depends on
the current guidelines [23]. Non-anatomic resection refers to
wedge resection and tumor enucleation. Anatomic resection
refers to the resection of segment relied on Couinaud classi-
fication, which completely removed the targeted tumor and
corresponding hepatic territory, commonly performed if 
patients have sufficient liver function. Hepatic parenchymal
transection was performed by using a harmonic scalpel or a
bipolar electrocautery. And in some cases, temporary hepatic
inflow occlusion was used during this process. The throm-
bectomy for patients in BCLC stage C with tumor thrombus

Primary HCC patients received curative 
resection as initial treatment (n=1,244)

Patients with HBsAg positive (n=1,092)

Patients treated at SYSUCC (n=235)Patients treated at FAHSYSU (n=654)

Randomized in a 7:3 ratio

Construct the nomogram

Validation the nomogram

Internal validation
cohort (n=197)

External validation
cohort (n=235)

Training
cohort (n=457)

Ineligible (n=203)
  Younger than 18 years old (n=5)
  Co-infected hepatitis (n=23)
  Other malignancies (n=12)
  Missing data (n=84)
  Insufficient follow-up time (n=79)

Fig. 1. The workflow diagram of patient selection. HCC, hepatocellular carcinoma; HBsAg, hepatitis B virus surface antigen;
FAHSYSU, First Affiliated Hospital of Sun Yat-sen University; SYSUCC, Sun Yat-sen University Cancer Center.
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was performed following the procedure described in the
study by Shi et al. [24]. Curative resection was defined as
complete removal of tumor with a negative resection margin
(R0 resection) confirmed by pathological examination.

5. Follow-ups

Contrast-enhanced ultrasound (CEUS) of the liver, con-
trast-enhanced computed tomography (CECT) of the abdo-
men and chest radiography were performed 4 weeks after
the surgery to evaluate the treatment efficacy. Then the fol-
low-up was performed every 3 months for the first 2 years,
every 6 months from 2 to 5 years, and every 12 months there-
after. During each follow-up, CEUS and blood examinations
including AFP and liver function relative parameters were
performed. CECT or contrast-enhanced magnetic resonance
imaging was carried out every 6 months. 

The diagnosis of recurrence was relied on the evidence of
imaging findings according to the current guidelines [25].
Once recurrence occurred, these patients would receive opti-
mal treatment for recurrent lesions, depending on tumor and
clinical characteristics. To avoid potential bias, those received
liver transplantation after recurrence were excluded because
of its strong impact on survival. Recurrence date was defined
as the date of the new lesion firstly appeared on imaging 
examination. The recurrence-free survival (RFS) was calcu-
lated from the date of surgery to the date of recurrence or
death or last follow-up, and overall survival (OS) was calcu-
lated from the date of surgery to the date of death or last fol-
low-up. The study was censored on January 24, 2019.

6. Statistical analysis

Continuous variables were described as median and quar-
tile range and compared using the independent sample t test
or the Mann-Whitney U test. Categorical variables were 
described as frequency and percentage compared using chi-
square test or Fisher exact test. Optimal cut-off points for 
inflammation-related markers and other continuous vari-
ables, except AFP and tumor diameter, were based on the
primary outcome of RFS among all the patients from FAH-
SYSU, using the maximally selected rank statistics from
“maxstat” R package.

All the patients from FAHSYSU were randomly divided
into a training cohort and an internal validation cohort accor-
ding to a 7:3 ratio. All the patients from SYSUCC entered the
external validation cohort. LASSO with one standard error
of lambda and then stepwise based on the Akaike informa-
tion criterion were used to select the variables to construct a
cox regression model in the training dataset. The nomograms
were constructed to predict the survival rates based on the
final cox model. The Cox model from the training cohort was

fixed and applied into the two validation cohorts. The per-
formance of the model was evaluated by Harrell's C-index,
time-dependent receiver operating characteristic (ROC)
curves and calibration curves in the three cohorts. Compari-
son of the C-indices between the nomogram and BCLC or
7th AJCC systems were performed with “compare C” R
package. Survival curves were constructed using the Kaplan-
Meier method and compared with the log-rank test. Statisti-
cal analyses were performed using R 3.4.3 (http://www.
r-project.org) and Stata/MP 14.0. p-values less than 0.05 were
considered statistically significant, and all tests were two-
sided.

7. Ethical statement

The study was centrally approved by the Ethical Commit-
tee of the two hospitals. Written informed consent of the pati-
ent was waived because of the retrospective nature of this
study.

Results

1. Baseline characteristics

A total of 889 patients were recruited in this study. The
baseline characteristics of patients in each cohort were sum-
marized in Table 1. Among all patients, the mean tumor size
was 6.8 cm, with 506 (56.9%) having tumor diameter larger
than 5 cm. A large proportion of patients (n=682, 76.7%) were
with solitary tumor. According to the BCLC staging system,
more than half of the patients (60.6%) were classified into
stage 0/A, 10.2% in stage B and the remaining (29.1%) within
stage C. And most of the patients (96.0%) were with Child-
Pugh liver function class A. There was no significant differ-
ence between the training and the internal validation cohorts,
except for the ALT level. However, some characteristics in
the external cohort such as peripheral parameters (platelet,
haemoglobin, AST, GGT, PT, and INR), Child-Pugh score,
tumor features (tumor stage, tumor number, tumor diameter,
resection margin, and tumor differentiation), and most infla-
mmation-related markers were significantly different com-
pared to those in the training cohort (p < 0.05). 

2. Survival outcomes

In the training cohort, the median follow-up was 38.2
months. The 1-, 2-, and 3-year RFS and OS rates were 51.31%,
41.80%, 37.11%, and 81.51%, 71.16%, 63.17%, respectively. In
the internal and external validation cohorts, the median fol-
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low-up was 37.8 months and 45.8 months, respectively. The

1-, 2-, and 3-year RFS rates were 52.07%, 41.73%, and 37.55%

in the internal cohort and 55.34%, 44.00%, 34.88% in the 

external cohort. The corresponding 1-, 2-, and 3-year OS rates

were 79.32%, 68.82%, and 65.33% in the internal cohort and

91.10%, 81.36%, and 70.86% in the external cohort, respec-

tively.

3. Univariate and multivariate analysis in the training 
cohort

Univariate and multivariate Cox regression analyses were

performed in 457 patients from the training cohort for both

RFS and OS. Results were shown in S2 Table. The optimal

cut-off values of inflammation-related markers were deter-

mined as mentioned above (S3 Table). Finally, NLR, GPR,

INR, microvascular invasion, satellite lesions, tumor number,

tumor diameter, and macrovascular invasion were selected

to build nomogram for RFS. GPR, TBIL, INR, AFP, microvas-

cular invasion, satellite lesions, and tumor diameter as well

as macrovascular invasion were used to build nomogram for

OS. All of these variables were independent prognostic fac-

tors of RFS and OS (Tables 2 and 3).  

Variable
Recurrence-free survival

Hazard ratio (95% CI) p-value
NLR (> 1.91:! 1.91) 1.42 (1.10-1.82) 0.006

GPR (> 0.94:! 0.94) 1.34 (1.04-1.74) 0.025

INR (> 1.08:! 1.08) 1.33 (1.04-1.70) 0.025

No. of tumors
1 1.00 (

2-3 1.21 (0.88-1.66) 0.241

> 3 1.75 (1.23-2.48) 0.002

Tumor diameter (> 5 cm:! 5 cm) 1.23 (1.01-1.45) 0.031

Satellite lesions (yes:no) 1.71 (1.27-2.29) < 0.001

Microvascular invasion (yes:no) 1.26 (1.06-1.46) 0.027

Macrovascular invasion (yes:no) 1.50 (1.12-2.00) 0.006

CI, confidence interval; NLR, neutrophil to lymphocyte ratio; GPR, gamma-glutamyl transpeptidase to platelet ratio; INR,

international normalized ratio.

Table 2. Multivariate analysis of recurrence-free survival in the training cohort

Variable
Overall survival

Hazard ratio (95% CI) p-value
GPR (> 0.94:! 0.94) 1.35 (1.01-1.69) 0.025

TBIL (> 12.5 µmol/L:! 12.5 µmol/L) 1.58 (1.15-2.17) 0.005

INR (> 1.08:! 1.08) 1.31 (1.02-1.60) 0.026

!-Fetoprotein (µg/L)
! 20 1.00 (

20-200 1.32 (0.83-2.08) 0.238

> 200 1.48 (1.01-2.17) 0.044

Tumor diameter (> 5 cm:! 5 cm) 1.92 (1.33-2.77) 0.001

Microvascular invasion (yes:no) 1.55 (1.12-2.16) 0.009

Macrovascular invasion (yes:no) 1.77 (1.26-2.50) 0.001

Satellite lesions (yes: no) 2.32 (1.64-3.29) < 0.001

CI, confidence interval; GPR, gamma-glutamyl transpeptidase to platelet ratio; TBIL, total bilirubin; INR, international nor-

malized ratio.

Table 3. Multivariate analysis of overall survival in the training cohort
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4. Prognostic nomogram for RFS 

Based on the eight significant prognostic factors (NLR,
GPR, INR, microvascular invasion, satellite lesions, tumor
number, tumor diameter, and macrovascular invasion)
demonstrated in the multivariate analysis, a nomogram was
established to predict 1-, 2-, and 3-year RFS rates of HBV-
related HCC patients who underwent resection (Fig. 2A). 

This model exhibited good efficacy in estimating post-
operative recurrence with a higher C-index of 0.701 (95%
confidence interval [CI], 0.669 to 0.732) in the training cohort,
and 0.701 (95% CI, 0.647 to 0.755) and 0.707 (95% CI, 0.657 to
0.756) in the internal and external validation cohorts, respec-
tively. The calibration curves for 1-, 2- and 3-year RFS rates
in the training (A), internal validation (B), and external vali-
dation (C) cohorts were largely overlapped with its standard
lines (Fig. 3). The predictive value of our nomograms for RFS
were significantly higher than that of the BCLC staging sys-

tem (0.629 [95% CI, 0.599 to 0.658], p < 0.001; 0.626 [95% CI,
0.579 to 0.673], p < 0.001; 0.599 [95% CI, 0.575 to 0.623], p <
0.001) and 7th AJCC system (0.620 [95% CI, 0.590 to 0.649], 
p < 0.001; 0.604 [95% CI, 0.558 to 0.650], p < 0.001; 0.600 [95%
CI, 0.574 to 0.626], p < 0.001). 

The area under the ROC curves (AUC) of the nomogram
in predicting 1-, 2-, and 3-year RFS in the training cohort was
0.780, 0.761, and 0.755, respectively (Fig. 4A). In addition, the
AUC of this nomogram in predicting 1-, 2-, and 3-year RFS
was 0.781, 0.757, and 0.781 in the internal validation cohort
and 0.766, 0.755, and 0.781 in the external validation cohort 
(Fig. 4B and C).

The model was capable of stratifying patients into three
subgroups (low-, medium-, and high-risk groups) by their 
individual risk scores. In all the three cohorts, the RFS curves
were broadly separated among these three subgroups of dif-
ferent risks (p < 0.001) with poorer survival in high-risk 
patients, which further indicated the good discriminatory

Fig. 2. Nomograms for predicting recurrence-free survival (A) and overall survival (B). NLR, neutrophil to lymphocyte
ratio; GPR, gamma-glutamyl transpeptidase to platelet ratio; INR, international normalized ratio; TBIL, total bilirubin; AFP,
!-fetoprotein. (Continued to the next page)
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ability of this prognostic model (Fig. 5A-C). 

5. Prognostic nomogram for OS  

The nomogram used to evaluate the probability of 1-, 2-,

and 3-year OS was built on the following variants: GPR,

TBIL, INR, AFP, microvascular invasion, satellite lesions,

tumor diameter, and macrovascular invasion (Fig. 2B). The

nomogram also revealed better performance in the training

cohort with a higher C-index of 0.761 (95% CI, 0.728 to 0.795)

than the BCLC criteria (0.665 [95% CI, 0.629 to 0.701], p <

0.001) and 7th AJCC system (0.652 [95% CI, 0.616 to 0.689], 

p < 0.001) did. The C-index value in the internal and external

validation cohorts reached 0.706 (95% CI, 0.640 to 0.772) and

0.708 (95% CI, 0.646 to 0.771), respectively, which were also

greater than the conventional BCLC staging system (0.636

[95% CI, 0.578 to 0.694], p < 0.01; 0.602 [95% CI, 0.567 to

0.637], p < 0.001) and 7th AJCC system (0.623 [95% CI, 0.567

to 0.680], p < 0.01; 0.596 [95% CI, 0.559 to 0.633], p < 0.001).

As shown in the calibration plots, the calibration curves for

1-, 2-, and 3-year OS were all well-matched with the standard

lines (Fig. 3D-F).

In this nomogram, the AUC of 1-, 2-, and 3-year OS in the

training cohort was 0.822, 0.814, and 0.822, respectively 

(Fig. 4D). In addition, the AUC of this nomogram in predict-

ing 1-, 2-, and 3-year OS was 0.789, 0.799, and 0.786 in the 

internal validation cohort and 0.838, 0.750, and 0.765 in the

external validation cohort (Fig. 4E and F). Similar to RFS, 

patients were also classified into low-, medium- and high-

risk subgroups according to scores derived from nomogram

for OS. The OS rates were significantly different among the

risk groups, with lower OS rate in the subgroup of higher

risk of death (p < 0.001) (Fig. 5D-F).  

Fig. 2. (Continued from the previous page) 
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Discussion

Our study constructed novel prognostic nomograms for
HCC patients treated with surgery by combining inflamma-
tion-related markers and conventional risk parameters
(tumor features and patient characteristics), and further val-
idated them in an independent external cohort. The models
showed better predictive performance than conventional
BCLC and 7th AJCC staging systems. Moreover, our results

suggested NLR and GPR were the two inflammation-related
marker that independently associated with prognosis. 

Emerging evidence demonstrated that inflammation status
involved in the development of malignant cancers through
promoting angiogenesis and inhibiting apoptosis [26]. 
Inflammatory markers made up by inflammation-related
hematologic and biochemical factors have been created to 
reflect the status of systemic inflammation. While various
markers were closely connected to the survival, it is of great
potential to build inflammatory markers-based models to

Fig. 3.  The calibration curves for predicting the 1-, 2-, and 3-year recurrence-free survival and overall survival in the training
(A, B), internal validation (C, D), and external validation (E, F) cohorts.  
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predict the prognosis of HCC patients [9-16,18]. Yet, it 

remains unknown which one had a relatively superior prog-

nostic significance among these inflammatory markers, due

to that few studies did the comparison. In this study, we did

an overview analysis of the overall reported inflammation-

related markers for the first time in a large Chinese popula-

tion. Multivariate analysis identified that NLR and GPR were

the independent prognostic factors for RFS of surgically

treated HCC when all the reported inflammatory markers

were enrolled into analysis. NLR was the firstly formed 

inflammation-based factor using to reflect the systemic 

inflammation response. It has been widely recommended as

a potential predictor of survival in various malignancies [9].

GPR was initially introduced by Lemoine et al. [27] as an 

indicator with high accuracy for the degree of liver fibrosis

and cirrhosis in patients with chronic HBV infection. As the

presence of cirrhosis is a known risk factor for HCC, it can

possibly explain why GPR could be used to evaluate the sur-

vival of HCC patients. Consistent with the result in Gomez

et al.'s [9] and Wang et al.’s [12] studies, we found that NLR

Fig. 4.  Receiver operating characteristic curves for recurrence-free survival and overall survival in the training (A, B), internal

validation (C, D), and external validation (E, F) cohorts, respectively.
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Fig. 5.  Patients’ recurrence-free survival and overall survival rates according to the nomogram model in the training (A, B),
internal validation (C, D), and external validation (E, F) cohorts. Green line for high-risk, red line for medium-risk, blue line
for low-risk. 

ALow-risk
Medium-risk
High-risk

Log-rank test, p < 0.001Re
cu

rre
nc

e-
fre

e 
su

rv
iva

l 
1.0

0

0.2

0.4

0.6

0
Time (mo)

24 36 4812 60 9672 84

0.8

152
168
137

117
  64
  27

82
35
16

51
27
  9

34
11
  6

99
45
20

23
  5
  3

13
  3
  2

8
2
1

No. at risk
Low-risk

Medium-risk
High-risk

CLow-risk
Medium-risk
High-risk

Log-rank test, p < 0.001Re
cu

rre
nc

e-
fre

e 
su

rv
iva

l 

1.0

0

0.2

0.4

0.6

0
Time (mo)

24 36 4812 60 9672 84

0.8

60
62
75

46
29
17

34
15
  9

25
13
  4

21
10
  4

38
20
13

11
  6
  2

6
5
1

4
3
0

No. at risk
Low-risk

Medium-risk
High-risk

FLow-risk
Medium-risk
High-risk

Log-rank test, p < 0.001

Ov
er

al
l s

ur
viv

al
 

1.0

0

0.2

0.4

0.6

0
Time (mo)

24 36 4812 60 9672 84

0.8

118
  93
  24

109
  77
  16

90
46
  8

66
33
  8

43
27
  2

99
63
12

9
8
0

2
5
0

2
1
0

No. at risk
Low-risk

Medium-risk
High-risk

ELow-risk
Medium-risk
High-risk

Re
cu

rre
nc

e-
fre

e 
su

rv
iva

l 

1.0

0

0.2

0.4

0.6

0
Time (mo)

24 36 4812 60 9672 84

0.8

119
  86
  30

80
33
  4

56
10
  1

36
  7
  0

23
  6
  0

65
19
  3

0
0
0

0
0
0

0
0
0

No. at risk
Low-risk

Medium-risk
High-risk

Log-rank test, p < 0.001

BLow-risk
Medium-risk
High-risk

Log-rank test, p < 0.001

Ov
er

al
l s

ur
viv

al
 

1.0

0

0.2

0.4

0.6

0
Time (mo)

24 36 4812 60 9672 84

0.8

160
157
140

148
131
  72

130
  84
  30

91
55
18

59
34
11

142
108
  50

40
19
  8

25
13
  5

15
  9
  3

No. at risk
Low-risk

Medium-risk
High-risk

DLow-risk
Medium-risk
High-risk

Log-rank test, p < 0.001

Ov
er

al
l s

ur
viv

al
 

1.0

0

0.2

0.4

0.6

0
Time (mo)

24 36 4812 60 9672 84

0.8

64
64
69

58
54
33

50
35
20

34
23
11

29
17
  7

57
42
24

21
12
  4

13
  8
  1

8
5
0

No. at risk
Low-risk

Medium-risk
High-risk

VOLUME 51 NUMBER 4 OCTOBER 2019 1475

Yifei Wang, Prognostic Nomograms for HCC



and GPR have superior capacity in predicting prognosis than
other inflammation-related scores. Our results in OS also 
revealed that GPR has the highest prognostic value, and the
higher GPR indicated a poorer survival. Although the 
molecular mechanism of NLR and GPR in HCC progression
was unclear, they were still selected to establish our nomo-
grams. 

The prognosis of HCC cannot completely depend on 
inflammation, since patients’ general condition, pathological
characteristics (microvascular invasion and satellite lesions)
and tumor burden (tumor number, tumor diameter, and
macrovascular invasion) have also been recognized as sig-
nificant factors influencing survival [28,29]. Other variants
included in the RFS nomogram were INR, microvascular 
invasion, satellite lesions, tumor number, tumor diameter,
and macrovascular invasion. Those included in the OS nomo-
gram were TBIL, INR, AFP, microvascular invasion, satellite
lesions, tumor diameter, and macrovascular invasion. These
variants identified in multivariate analysis were independ-
ently correlated with prognosis. Conventional BCLC staging
systems commonly used to classify HCC patients into differ-
ent stages, provide optimal clinical management and corre-
sponding survival outcomes [3]. However, it did not take the
above important factors which have been stressed the value
of prognosis in HCC, such as microvascular invasion, satel-
lite lesions, AFP level as well as inflammation-related mark-
ers into consideration. Therefore, our nomograms could be
regarded as a modified system by incorporating the above
independent risk factors and showed significantly better
prognostic performance (p < 0.001). 

It remains controversy whether patients within intermedi-
ate (BCLC B) or advanced (BCLC C) stage should receive cur-
ative surgery. Several studies have demonstrated that some
HCC patients in either of these two stages can benefit more
from surgical resection than from the BCLC criteria recom-
mended therapies [30]. Since many Chinese HCC patients
beyond the BCLC criteria still received surgical resection, we
took patients in BCLC stage B and C into analysis to extend
the applied range of our nomograms. Although we included
nearly a third of patients within BCLC stage C, we did an 
additional analysis to show that both models performed well
for these patients, with a C-index of 0.743 (95% CI, 0.671 to
0.816) for OS and 0.652 (95% CI, 0.599 to 0.705) for RFS in the
training cohort.

Strengths of the study were not only on the integration of
inflammatory markers and specialized population, but also
on its personalized predictive value of survival at early time.
All the variables composited in our models are common and
accurate, given that nomogram is a graphical tool generally
used to integrate many independent variables according to
its weight meanwhile in an easy-to-operate way. As shown
in our results, the nomograms possessed great discrimina-

tory ability which can separately stratify patients with dif-
ferent risks. With the nomograms, clinicians can choose to
perform personalized additional interventions and shorten
the interval of postoperative follow-ups if patients are eval-
uated to have a higher risk of recurrence and poorer survival.    

Moreover, most previous studies were conducted in a sin-
gle medical center. In our study, we enlarged our study pop-
ulation by recruiting patients from another hospital and
further validated our models in this group of people. It is 
notable that the baseline characteristics between the training
cohort and external cohort had disparity, and patients from
FAHSYSU showed worsen tumor features. The possible rea-
son is the difference in making treatment choice in these two
centers. SYSUCC tended to send patients in intermediate or
advanced stage to receive transcatheter arterial chemoem-
bolization or palliative treatments, while general hospitals
like FAHSYSU frequently performed surgery. Despite of the
differences in baseline characteristics, our models also exhib-
ited good prognostic value in the external cohort, with a 
C-index of 0.707 for RFS and 0.708 for OS, which implies that
the nomograms are stable and can be adopted in different
populations with high generalizability. 

There are limitations in this study. First, our nomograms
established using the data from HBsAg-positive HCC pati-
ents because China is an HBV prevalent region. Thus, it may
restrict the application of the two nomograms in HCC pati-
ents with other aetiological backgrounds. Another one was
that some inflammation-related markers are composed by
overlapped hematologic and biochemical factors. Although
it might possibly bias the results to some extent, we did not
take the interaction among these markers into consideration
while doing the analysis. Moreover, there was lack of a pro-
spective cohort to further confirm the predictive value of our
models in prognosis.

In conclusion, our study established and validated two
novel prognostic nomograms which incorporated specific
preoperative inflammatory markers and clinical risk vari-
ables to estimate the RFS and OS rates in HBV-related pati-
ents who underwent curative hepatectomy in a large Chinese
population. The user-friendly models can be helpful to clini-
cians in predicting individual prognosis and deciding next-
step therapeutic interventions. 
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Prognostic Value of Baseline and Interim Total Metabolic Tumor 
Volume and Total Lesion Glycolysis Measured on 18F-FDG PET-CT in
Patients with Follicular Lymphoma
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Purpose
The purpose of this study was to investigate the prognostic significance of total metabolic
tumor volume (TMTV) and total lesion glycolysis (TLG) in patients with follicular lymphoma
(FL) at baseline and mid-treatment with 18F-fluorodeoxyglucose positron emission tomog-
raphy computed tomography (PET-CT) scans.

Materials and Methods
The study analyzed data from 48 patients with FL who were treated in Jiangsu Province
Hospital and reviewed their baseline PET-CT scans. TMTV and TLG were computed by using
the absolute value of 2.0, 2.5, and 3.0 thresholding method, respectively.

Results
Median age was 53 years, 75.0% of patients had stage III to IV disease, 43.8% had a Fol-
licular Lymphoma International Prognostic Index 1 (FLIPI1) score of 3 to 5 and 20.8% had
a FLIPI2 score of 3 to 5. Receiver operating characteristic (ROC) curve analysis showed the
optimal cut-off values for TMTV3.0 and TLG3.0 were 476.4 (sensitivity, 85.7%; specificity,
78.0%; area under the curve [AUC], 0.760; p=0.003) and 2,676.9 (sensitivity, 71.4%; speci-
ficity, 78.0%; AUC, 0.760; p=0.003). On multivariable analysis, TMTV3.0 and TLG3.0 were
independent predictors of both progression-free survival (PFS) (hazard ratio [HR], 5.406;
95% confidence interval [CI], 1.326 to 22.040; p=0.019 and HR, 6.502; 95% CI, 1.079 to
39.182; p=0.042) and overall survival (OS) (HR, 4.111; 95% CI, 1.125 to 15.027; p=0.033
and HR, 5.885; 95% CI, 1.014 to 34.148; p=0.049). ROC curve analysis showed the optimal
cut-off values for !TMTV3.0 and !TLG3.0 were 66.3% (sensitivity, 85.7%; specificity, 63.4%;
AUC, 0.774; p < 0.001) and 64.5% (sensitivity, 85.7%; specificity, 65.9%; AUC, 0.777; p <
0.001).

Conclusion
Baseline TMTV and TLG are strong predictors of PFS and OS in FL. Furthermore, interim
TMTV (!TMTV > 66.3%) and TLG (!TLG > 64.5%) reduction are valuable tools for early treat-
ment response assessment in FL patients.

Key words
Follicular lymphoma, Prognosis, Total metabolic tumor volume, 
Total lesion glycolysis, The maximum of standard uptake value
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Introduction

Follicular lymphoma (FL) is the second most common lym-
phoma subtype in Europe and United States and the third
most frequent non-Hodgkin’s lymphoma subtype after dif-
fuse large B-cell lymphoma (DLBCL) and extranodal NK/
T cell lymphoma (ENKTCL) in Aisa [1-5]. Although the using
of rituximab combined with chemotherapy improves out-
come of patients with FL, 20% of patients treated with immu-
nochemotherapy still have disease progression within short
time and 50% of them would die within 5 years [6-8]. The
Follicular Lymphoma International Prognostic Index (FLIPI1
and FLIPI2) [9,10] and conventional computed tomography
(CT) cannot identify them easily and quickly. 18F-fluorodeo-
xyglucose (FDG) positron emission tomography computed
tomography scan (PET-CT) not only showed the anatomic
location of the lesion but also reflected the level of metabo-
lism. It made the staging, evaluating response and surveil-
lance more accurate. Furthermore, the prognostic value of
PET-CT parameter of maximum standardized uptake value
(SUVmax) has been validated in DLBCL and Hodgkin’s lym-
phoma (HL) [11,12].

Recently studies have shown that total metabolic tumor
volume (TMTV) and total lesion glycolysis (TLG) may be
useful quantitative parameters for the assessment of treat-
ment response in HL, DLBCL, ENKTL, and peripheral T-cell
lymphoma [13-19]. Furthermore, date form Meignan et al.
[20] also shown that baseline TMTV has strong independent
predictive value for high-tumor-burden FL patients. How-
ever, the prognostic value of baseline TMTV and TLG using
different absolute value thresholding method has not vali-
dated in patients form other cohort such as in Asian popula-
tion and the prognostic value of interim TMTV and TLG has
not yet been established in FL patients.

In this study, we attempted to determine whether PET 
parameters (TMTV and TLG) measured on pretreatment and
interim PET-CT using the absolute value of 2.0, 2.5, and 3.0
thresholding method respectively, can predict prognosis in
patients with FL in Asia.

Materials and Methods

1. Subjects

Between August 2009 and June 2016, 48 consecutive sub-
jects with newly-diagnosed FL had a pretreatment 18F-FDG
PET-CT scan at our center. Diagnosis was based on the
World Health Organization lymphoma classification [20,21].

Among these 48 patients, there are 22 patients had a 18F-FDG
PET-CT scan for response assessment after 3-4 cycles of treat-
ments. The scores of FLIPI1 and FLIPI2 and the times of pro-
gression-free survival (PFS) and overall survival (OS) were
calculated according to revised response criteria for malig-
nant lymphoma [22,23]. Treatment options were recommen-
ded according to National Comprehensive Cancer Network
(NCCN).

2. 18F-FDG PET-CT image acquisition

PET-CT studies were obtained on the following PET-CT
devices: Gemini TF64 (Philips, Best, Netherlands), Gemini
GXL (Philips, Eindhoven, Netherlands), Gemini TF16 (Phi-
lips, Eindhoven, Netherlands), Discovery LS (GE Healthcare,
Milwaukee, WI), and Biograph TP16 (Siemens, Erlangen,
Germany). Subjects with fasting serum glucose < 7.0 mmol/
L received 18F-FDG 3.70-5.55 MBq/kg intravenously for 
> 6 hours. After 60-minute whole-body PET-CT imaging was
performed with a whole-body CT scan (120 KV and 140 mA)
and a whole-body PET (in 3-dimensional mode, 120 sec/bed
position). Acquisition of CT, PET, and PET-CT fusion images
including cross-section, sagittal-section and coronal-section
used CT-based attenuation correction in reconstruction image
by an iterative method. 

3. Image analysis and calculation of TMTV and TLG 

All scans were re-examined by two experienced radiolo-
gists who were unaware of both clinical and radiological
findings of FL. Lesion sites were determined according to 
visual assessment with PET images scaled to color table and
a fixed SUV by two experienced nuclear medicine physicians
[24]. The workstation automatically calculated SUVmax with
drawing the region of interest along the edge of the enrich-
ment spot. The absolute value of 2.0, 2.5, and 3.0 threshold
methods were used for the metabolic tumor volume (MTVL)
/glycolysis of any local lesion (LGL) computations through
the MEDEX software. They were recorded as MTVL2.0/
LGL2.0, MTVL2.5/LGL2.5, and MTVL3.0/LGL3.0, respectively.
TMTV2.0/TLG2.0, TMTV2.5/TLG2.5, and TMT-V3.0/TLG3.0
were obtained by summing MTVL2.0/LGL2.0, MTVL2.5/
LGL2.5, and MTVL3.0/LGL3.0 of all local lesions respectively.
Bone marrow (BM) and spleen with diffuse uptake were gen-
erally excluded in the lesions unless there was focal uptake.
Spleen was also considered as involved if there was diffuse
uptake increased more than 150% of the liver background.

For interim scans, we recorded the changes in TMTV and
TLG, which were defined as !TMTV3.0 and !TLG3.0 and
!TMTV3.0 and !TLG3.0 were calculated as 
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!TMTV3.0=TMTV3.0 at pretreatment–TMTV3.0 at mid-treatment
TMTV3.0 at pretreatment

!TLG3.0=TLG3.0 at pretreatment–TLG3.0 at mid-treatment
TLG3.0 at pretreatment

4. Statistical analysis

We used the Epidata 3.10 to establish datasets and verify
validity of data-entry twice. The discriminative ability of the
PET-CT parameters (SUVmax, TMTV, and TLG) was deter-
mined according to the time-dependent receiver operating
characteristic (ROC) curves and the corresponding area
under the curve (AUC) were calculated to assess the predic-
tive accuracy of the model [25]. The difference of AUCs was

tested by a non-parametric approach developed by DeLong
et al. [26]. Survival curves were constructed by the Kaplan-
Meier method. Log-rank test was used to compare survival
time of different groups categorized by the selected best pre-
dictive model. Prognostic significances of PET parameter and
clinical variables were assessed by univariate analyses. Vari-
ables with significant associations were included in multi-
variate Cox proportional hazards regression analyses. All the
statistical analyses used STATA statistical software (ver. 11.1,
StataCorp., College Station, TX) and R software (ver. 3.2.1,
The R Foundation for Statistical Computing, Vienna, Aus-
tria). Two-sided p ! 0.05 was considered significant.

5. Ethical statement

The study was approved by the Ethics Committee of the
First Affiliated Hospital of Nanjing Medical University and
done according to the guidelines of Nanjing Medical Univer-
sity. Subjects provided informed consent in accordance with
requirements of the Declaration of Helsinki. Subjects pro-
vided informed consent in accordance with requirements of
the Declaration of Helsinki.

Results

1. Clinical variables

Clinical variables are outlined in Table 1. Thirty-seven sub-
jects were male. Median age was 53 years (range, 30 to 83
years). Thirty-six (75.0%) were Ann Arbor stage III/IV and
31 subjects were grade 1-2. There were 23 patients with BM
involvements. Twenty-one patients (43.8%) were estimated

Jin-Hua Liang, Prognostic Value of TMTV and TLG in FL

Table 1. Baseline characteristics of the 48 FL patients

FL, follicular lymphoma; FLIPI, Follicular Lymphoma 
International Prognostic Index; BM, bone marrow.

Characteristic No. (%)

Age, median (range, yr) 53 (30-83)
Age > 60 yr 17 (35.4)
Male sex 28 (58.3)
Ann Arbor stage: III-IV 36 (75.0)
FLIPI1 score: 3-5 21 (43.8)
FLIPI2 score: 3-5 10 (20.8)
Follicular grade: I-II 31 (64.6)
BM involvement 23 (47.9)
Treatment regimen

Radiotherapy 3 (6.3)
Rituximab 2 (4.2)
Observe 5 (10.4)
R-CHOP 38 (79.2)

Table 2.  Quantity and optimal cut-off value for OS of PET-CT parameters of PET-CT of 48 patients with FL

Variable
Quantity, Optimal cut-off 

AUC Sensitivity (%) Specificity  (%) p-value
median (range) value for OS

SUVmax 8.4 (0-24.3) 7.9 0.650 85.7 46.3 0.141          
TMTV2.0 245.2 (0-3,399.2) 505.5 0.774 85.7 63.4 < 0.001
TMTV2.5 178.3 (0-2,864.2) 391.2 0.777 85.7 65.9 < 0.001
TMTV3.0 114.3 (0-2,454.3) 476.4 0.760 85.7 78.0 0.003
TLG2.0 893.1 (0-14,378.9) 3,259.7 0.763 71.4 75.6 0.002
TLG2.5 672.6 (0-13,173.1) 3,080.0 0.770 71.4 78.0 0.001
TLG3.0 594.4 (0-12,056.6) 2,676.9 0.760 71.4 78.0 0.003

OS, overall survival; PET-CT, positron emission tomography computed tomography; FL, follicular lymphoma; AUC, area
under the curve; SUVmax, maximum standardized uptake value; TMTV, total metabolic tumor volume; TLG, total lesion gly-
colysis.
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as FLIPI1 score of 3-5 while 10 patients (20.8%) were FLIPI2
score of 3-5. Three patients received radiotherapy only, five
patients didn’t receive treatment due to no indications, 38
patients received immunochemotherapy with rituximab, 
cyclophosphamide, epirubicin, vindesine, and prednisone 
(R-CHOP), two patients received rituximab alone. Median
follow-up is 35 months (range, 16 to 98 months).

2. Comparison of the SUVmax, TMTV, and TLG at staging

Median value of baseline SUVmax, TMTV2.0, TMTV2.5,
TMTV3.0, TLG2.0, TLG2.5, and TLG3.0 were shown in 
Table 2. We evaluated the predictive accuracy of these mod-
els in time-dependent ROC curves which showed optimal
cut-off values for SUVmax, TMTV2.0, TMTV2.5, TMTV3.0,
TLG2.0, TLG2.5, and TLG3.0 of 7.0 (sensitivity, 85.7%; speci-
ficity, 46.3%; AUC, 0.650; p=0.141), 505.5 (sensitivity, 85.7%;
specificity, 63.4%; AUC, 0.774; p < 0.001), 391.2 (sensitivity,
85.7%; specificity, 65.9%; AUC, 0.777; p < 0.001), 476.4 (sen-

sitivity, 85.7%; specificity, 78.0%; AUC, 0.760; p=0.003),
3,259.7 (sensitivity, 71.4%; specificity, 75.6%; AUC, 0.763;
p=0.002), 3,080.0 (sensitivity, 71.4%; specificity, 78.0%; AUC,
0.770; p=0.001), and 2,676.9 (sensitivity, 71.4%; specificity,
78.0%; AUC, 0.760; p=0.003).

Pair-wise comparisons of ROC curves in the models are
also conducted. There were no significant differences among
TMTV2.0, 2.5, and 3.0 (p > 0.05) and also no significant dif-
ferences were observed among TLG2.0, 2.5, and 3.0 (p > 0.05).
Taking sensitivity, specificity and AUC into consideration,
we selected TMTV3.0 and TLG3.0 for further analyses. 
Kaplan-Meier PFS and OS cures for the TMTV3.0 (476.4) and
TLG3.0 (2,676.9) using the optimal cut-off value are shown
in Fig. 1.

3. Prognostic impact of baseline TMTV3.0 and TLG3.0 

By univariate analysis (Table 3), we found that BM invol-
vement, FLIPI2 score of 3-5, TLG3.0 > 2,676.9 and TMTV3.0

Cancer Res Treat. 2019;51(4):1479-1487

Fig. 1.  Progression-free survival (PFS) (A, C) and overall survival (OS) (B, D) according to baseline TMTV3.0 and TLG3.0.
TMTV, total metabolic tumor volume; TLG, total lesion glycolysis.
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> 476.4 were both significantly associated with inferior PFS
and OS in our cohort. Furthermore, we found that the two
PET-CT parameters of TLG3.0 > 2,676.9 and TMTV3.0 > 476.4
were significantly related to each other (r=0.952, p < 0.001).
Therefore, the two PET-CT parameters were entered into
multivariate analysis with other clinical variables respec-
tively (Table 4). And we found that both TLG3.0 > 2,676.9
and TMTV3.0 > 476.4 were significantly related to PFS (haz-
ard ratio [HR], 6.502; 95% confidence interval [CI], 1.079 to
39.182; p=0.042 and HR, 5.406; 95% CI, 1.326 to 22.040;
p=0.019) and OS (HR, 5.885; 95% CI, 1.014 to 34.148; p=0.049
and HR, 4.111; 95% CI, 1.125 to 15.027; p=0.033).

To further analyze the prognosis of TMTV3.0 combined
with conventional prognosis indices of FLIPI2, patients can
divide into four subgroups: (1) FLIPI2 0-2 and TMTV3.0 
< 476.4 group: 25 patients (53.1%); (2) FLIPI2 0-2 and

TMTV3.0 > 476.4 group: nine patients (18.7%); (3) FLIPI2 3-5
and TMTV3.0 < 476.4 group: eight patients (16.7%); (4)
FLIPI2 3-5 and TMTV3.0 > 476.4 group: six patients (12.5%)
(S1 Table). We found that patients with both FLIPI2 0-2 and
TMTV3.0 < 476.4 has the superior PFS (p < 0.001) and OS
(p=0.010) then other three groups while no significant differ-
ences of PFS and OS were observed among the other three
groups (Fig. 2).

4. Prognostic impact of interim TMTV3.0 and TLG3.0

Twenty-two patients underwent 18F-FDG PET-CT scans
after 3-4 cycles of immunochemotherapy. The changes bet-
ween baseline parameter and interim PET-CT parameters
(defined as !TMTV3.0 and !TLG3.0) of every patient were
calculated. We evaluated the predictive accuracy of !TMTV3.0

Variable
OS PFS

HR 95% CI p-value HR 95% CI p-value
Male sex 1.093 0.247-4.846 0.906 1.636 0.496-5.404 0.421
Age > 60 yr 0.780 0.152-3.993 0.767 0.971 0.294-3.201 0.961
BM involvement 7.367 1.661-32.671 0.030 4.278 1.355-13.503 0.017
FLIPI 3-5 3.112 0.701-13.816 0.152 2.779 0.0883-8.749 0.081
FLIP2 3-5 4.878 1.047-22.720 0.045 4.756 1.233-18.343 0.003
SUVmax > 8.1 3.870 0.471-31.811 0.210 7.632 0.994-58.601 0.052
TLG3.0 > 2,676.9 9.322 1.768-49.135 0.009 6.445 1.941-21.397 0.003
TMTV3.0 > 476.4 8.723 1.645-46.277 0.011 5.777 1.731-19.281 0.005
R-CHOP regimen 0.669 0.080-5.604 0.711 0.320 0.041-2.481 0.275

PFS, progression-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; BM, bone marrow; FLIPI, Fol-
licular Lymphoma International Prognostic Index; SUVmax, maximum standardized uptake value; TLG, total lesion glycolysis;
TMTV, total metabolic tumor volume.

Table 3. Univariate analysis for PFS and OS

Variable
OS PFS

HR 95% CI p-value HR 95% CI p-value
TLG

BM involvement 4.497 0.516-39.184 0.176 3.698 0.408-33.549 0.247
FLIP2 3-5 5.342 1.000-28.553 0.051 5.557 1.038-29.747 0.046
TLG3.0 > 2,676.9 5.885 1.014-34.148 0.049 6.502 1.079-39.182 0.042

TMTV
BM involvement 2.608 0.673-10.109 0.168 1.941 0.456-8.266 0.372
FLIP2 3-5 4.643 1.390-15.503 0.013 5.221 1.531-17.803 0.010
TMTV3.0 > 476.4 4.111 1.125-15.027 0.033 5.406 1.326-22.040 0.019

TLG, total lesion glycolysis; TMTV, total metabolic tumor volume; FLIPI, Follicular Lymphoma International Prognostic
Index; OS, overall survival; PFS, progression-free survival; HR, hazard ratio; CI, confidence interval; BM, bone marrow.

Table 4. Multivariate analysis of TLG and TMTV after adjusting for FLIPI score
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Fig. 2.  Progression-free survival (PFS) (A) and overall survival (OS) (B) according to baseline TMTV3.0 and FLIPI2 score.

FLIPI, Follicular Lymphoma International Prognostic Index; TMTV, total metabolic tumor volume; TLG, total lesion glycol-

ysis.

A
PF

S 
(%

)
100

0

20

40

60

0
Time (mo)
4824 72 12096

80

p < 0.001

FLIPI2 0-2 and TMTV3.0 < 476.4, n=25 (53.1%)
FLIPI2 0-2 and TMTV3.0 > 476.4, n=9 (18.7%)
FLIPI2 3-5 and TMTV3.0 < 476.4, n=8 (16.7%)
FLIPI2 3-5 and TMTV3.0 > 476.4, n=6 (12.5%)

B

OS
 (%

)

100

0

20

40

60

0
Time (mo)
4824 72 12096

80

p=0.010

FLIPI2 0-2 and TMTV3.0 < 476.4, n=25 (53.1%)
FLIPI2 0-2 and TMTV3.0 > 476.4, n=9 (18.7%)
FLIPI2 3-5 and TMTV3.0 < 476.4, n=8 (16.7%)
FLIPI2 3-5 and TMTV3.0 > 476.4, n=6 (12.5%)

Fig. 3.  Progression-free survival (PFS) (A, C) and overall survival (OS) (B, D) according to !TMTV3.0 (66.3%) and !TLG3.0

(64.5%). TMTV, total metabolic tumor volume; TLG, total lesion glycolysis.

A

PF
S 

(%
)

100

0

20

40

60

0
Time (mo)
4824 72 12096

80

!TMTV3.0 " 66.3%, n=6
!TMTV3.0 > 66.3%, n=16

B

OS
 (%

)

100

0

20

40

60

0
Time (mo)
4824 72 12096

80

p < 0.001 

!TMTV3.0 " 66.3%, n=6
!TMTV3.0 > 66.3%, n=16

C

PF
S 

(%
)

100

0

20

40

60

0
Time (mo)
4824 72 12096

80

!TLG3.0 " 64.5%, n=6
!TLG3.0 > 64.5%, n=16

D

OS
 (%

)

100

0

20

40

60

0
Time (mo)
4824 72 12096

80

p < 0001

!TLG3.0 " 64.5%, n=6
!TLG3.0 > 64.5%, n=16

p < 0.001

p < 0.001

1484 CANCER  RESEARCH  AND  TREATMENT



and !TLG3.0 in time-dependent ROC curves which showed 
optimal cut-off values for !TMTV3.0 and !TLG3.0 of 66.3%
(sensitivity, 85.7%; specificity, 63.4%; AUC, 0.774; p < 0.001)
and 64.5% (sensitivity, 85.7%; specificity, 65.9%; AUC, 0.777;
p < 0.001). Kaplan-Meier PFS and OS cures for the !TMTV3.0
(66.3%) and !TLG3.0 (64.5%) using the optimal cut-off value
are shown in Fig. 3.

Among the 24 patients with interim PET-CT scan, we
found that patients (n=10) with baseline TMTV3.0 < 476.4
and FLIPI2 0-2 were all with !TMTV3.0 > 66.3% while there
were only six patients with !TMTV3.0 > 66.3% out of the 14
patients with either TMTV3.0 > 476.4 or FLIPI2 3-5 (S2 Table).
Furthermore, for these patients with either TMTV3.0 > 476.4
or FLIPI2 3-5, patients with !TMTV3.0 > 66.3% had superior
PFS and OS (Fig. 4).

Discussion

The prognostic value of PET-CT parameters (SUVmax,
TMTV, and TLG) has been investigated in different various
subtypes of lymphoma, such as HL, DLBCL, and ENKTCL
[12-17,24,27]. Recently, a pooled analysis of 185 patients with
high-tumor-burden FL reported that baseline TMTV was 
independent predictor of PFS. It could identify patients with
high risk of early progression and help to guide clinicians to
adjust treatments [20]. In the present study, we also investi-
gated the prognostic value of TMTV and TLG at pretreat-
ment and mid-treatment using different absolute threshold
in our cohort. We found that both baseline TMTV3.0 and
TLG3.0 were independent risk factors of PFS and OS for 

patients with FL. Furthermore, patients with !TMTV3.0 
> 66.3% and !TLG3.0 > 64.5% have superior PFS and OS for
the 24 patients whose interim PET-CT scans were available.

Similar to the report by Meignan et al. [20], we also found
that not only baseline TMTV3.0, but also TLG3.0 which were
not evaluated in other study, were independent risk factors
for FL patients. Further analysis showed that the PET-CT 
parameter of TMTV3.0 can add the risk-stratification capac-
ity of FLIPI2. For patients with FLIPI 0-2, there were nearly
20% patients with higher TMTV3.0. Actually, these patients
might have inferior survivals instead of superior survivals if
according to the risk-stratification of FLIPI2 only. Therefore,
from our data, we can conclude that patients with any one
of the two risk factors (FLIPI2 3-5 or TMTV3.0 > 476.4) had
inferior survivals.

In some cases, TMTV was measured by applying a fixed
41% SUVmax threshold to every lymphoma lesion [14,20].
Considering the SUVmax of inert lymphomas generally is
smaller, it is easy to include some reactive lymph nodes
and/or some inflammatory lesions into tumor lesions by
41% SUVmax threshold. In this paper TMTV and TLG are
computed using absolute values (2.0, 2.5, and 3.0) as the
threshold [28,29]. Actually, ROC curves showed that there
were no differences among the three absolute values for
TMTV and TLG. Larger cohorts should be included to com-
pare the prognostic value of TMTV and TLG in different 
absolute threshold.

Furthermore, the prognostic value of TMTV and TLG at
mid-treatment was first to be evaluated in the present study.
We found that !TMTV3.0 using a cut-off of 66.3% and
!TLG3.0 using a cut-off of 64.5% had predictive value in pre-
dicting outcome after four cycles of therapy in FL patients.
That is to say patients who were with higher TMTV3.0 and

Jin-Hua Liang, Prognostic Value of TMTV and TLG in FL

Fig. 4.  Progression-free survival (PFS) (A) and overall survival (OS) (B) according to !TMTV3.0 for the 14 patients with
either TMTV3.0 > 476.3 or FLIPI2 3-5. TMTV, total metabolic tumor volume.
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TLG3.0 at baseline can also achieve superior outcomes if
!TMTV3.0 > 66.3% and !TLG3.0 > 64.5% after four cycles of
immunechemotherapy. Therefore, more intensive immune-
chemotherapy might be considered for these patients in our
clinical practice. Because our patients who were available for
PET-CT assessment at mid-treatment were small, our con-
clusion should be tested in other datesets.

In conclusion, baseline TMTV and TLG are independent
predictors of PFS and OS for patients with FL. Also, mid-
treatment TMTV and TLG are valuable tools for early treat-
ment response assessment in FL patients. Further larger
prospective studies are worth performing to validate our
conclusions.
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Purpose

Endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) is widely

used for the diagnosis and staging of lung cancer. However, evidence of its usefulness for

re-biopsy in treated lung cancer, especially according to the previous treatment, is limited.

We evaluated the role of EBUS-TBNA for re-biopsy and its diagnostic values in patients with

different treatment histories. 

Materials and Methods

We reviewed the medical records of patients who underwent EBUS-TBNA for re-biopsy of

suspicious recurrent or progressive lesions between January 2006 and December 2016 at

the National Cancer Center in South Korea. Patients were categorized into three groups

based on the previous treatment modalities: surgery, radiation, and palliation. 

Results

Among the 367 patients (surgery, n=192; radiation, n=40; palliation, n=135) who under-

went EBUS-TBNA for re-biopsy, the overall sensitivity, negative predictive value (NPV), and

diagnostic accuracy of EBUS-TBNA in detecting malignancy were 95.6%, 82.7%, and 96.3%,

respectively. The sensitivity was lower in the radiation group (83.3%) when compared with

the surgery (95.7%, p=0.042) and palliation (97.7%, p=0.012) groups. The NPV was lower

in the palliation group (50.0%) than in the surgery group (88.5%, p=0.042). The sample 

adequacy of EBUS-TBNA specimens was lower in the radiation group (80.3%) than in the

surgery (95.4%, p < 0.001) or palliation (97.8%, p < 0.001) groups. EGFR mutation analysis

was feasible in 94.6% of the 92 cases, in which mutation analysis was requested. There

were no major complications. Minor complications were reported in 12 patients (3.3%). 

Conclusion

EBUS-TBNA showed high diagnostic values and high suitability for EGFR mutation analysis

with regard to re-biopsy in patients with previously treated lung cancer. The sensitivity was

lower in the radiation group and NPV was lower in the palliation group. The complication

rate was low. 
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Introduction

When recurrent or progressive disease is suspected after
the treatment of lung cancer, re-biopsy is frequently required
to confirm disease status and perform molecular subtyping
to guide appropriate treatment [1-3]. Re-biopsy should be
considered to check for acquired mutations such as T790M,

especially after treatment with epidermal growth factor 
receptor tyrosine kinase inhibitors (EGFR-TKI) [1,3].

Re-biopsy was found to be technically difficult and accom-
panied by a higher rate of complications when compared to
that of the first biopsy performed in a study of re-biopsy after
EGFR-TKI treatment [4]. Trans-thoracic needle aspiration
(TTNA) or trans-thoracic needle biopsy is widely used for
the initial diagnosis of lung cancer and for re-biopsy [5,6].
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However, the rate of complications associated with transtho-
racic procedures, such as pneumothorax, was found to be
14%-26% after re-biopsy in patients with previously treated
advanced lung cancer [6,7]. 

Endobronchial ultrasound-guided transbronchial needle
aspiration (EBUS-TBNA) is a bronchoscopic sampling method
that enables real time aspiration under ultrasound guidance.
High diagnostic values of EBUS-TBNA were reported with
regard to staging, diagnosis, and tissue acquisition for muta-
tion analysis in lung cancer [8-10]. Moreover, EBUS-TBNA
is a safe method, with a low rate of complications reported
ranging between 0.15% and 1.23% [11,12] .

The role of EBUS-TBNA for re-biopsy of lung cancer has
been studied, showing high diagnostic values [2,13-19]. The
sensitivities of EBUS-TBNA for re-biopsy were higher than
90% in most studies [2,13,15-19]. However, those studies 
enrolled a relatively small number of patients (n=9-73) 
[2,13-19], most of whom had a history of surgery [2,13-16].
According to Han et al. [13] (n=42), the sensitivity of EBUS-
TBNA for diagnosing recurrent lesions was 94.3% in patients
who underwent curative surgery. Anraku et al. [2] evaluated
44 patients, including 11 patients who underwent radiation
or chemotherapy, and showed a high sensitivity (93.1%) for 
re-biopsy using EBUS-TBNA. Evison et al. [16] analyzed 56
patients with previously treated lung cancer (surgery, n=43;
radical radiation, n=3; chemoradiation, n=6; palliative che-
motherapy, n=4) and suspected nodal metastases and repor-
ted that the overall sensitivity of EBUS-TBNA was 91.4%.
The role of EBUS-TBNA for re-biopsy in patients with pro-
gressive disease after chemotherapy or EGFR-TKI treatment
were evaluated only in small case series (n=9 [19], n=18 [18])
and showed a sensitivity of 100% in detecting malignancy
[18,19]. 

Diagnostic values of EBUS-TBNA can vary according to
the previous treatment modalities used. However, no studies
have compared the role of EBUS-TBNA for re-biopsy in dif-
ferent clinical settings. In this large retrospective cohort
study, we aimed to comprehensively evaluate the role of
EBUS-TBNA in performing re-biopsies of suspicious recur-
rent or progressive lesions after lung cancer treatment. We
compared the diagnostic values of EBUS-TBNA for re-biopsy
in patients with different treatment histories. The suitability
of re-biopsy samples obtained by EBUS-TBNA for EGFR
mutation analysis was also evaluated. 

Materials and Methods

1. Patients and treatment groups 

This retrospective cohort study included patients who 
underwent EBUS-TBNA for the re-biopsy of suspected recur-
rent or progressive lesions after receiving lung cancer treat-
ment between January 2006 and December 2016 at the Natio-
nal Cancer Center in South Korea. Patients were excluded if
the EBUS-TBNA was performed for the purpose of re-stag-
ing the cancer after neo-adjuvant treatment or for clinical trial
enrollment without evidence of disease progression. 

The patients were divided into two groups—the curative
group and palliation group. The curative group comprised
two sub-groups: surgery group and radiation group. The
surgery group included patients who underwent surgery±
neo-adjuvant or adjuvant treatment with curative intent. The
radiation group included patients who received radical 
radiation or chemotherapy+radiation with curative intent for
the treatment of stage I-III non-small cell lung cancer or lim-
ited disease small cell lung carcinoma (SCLC). When radia-
tion therapy was performed for the treatment of postopera-
tive recurrent lesions with a curative purpose, the case was
classified into the radiation group. The palliation group 
included patients who were treated with chemotherapy or
target therapy for advanced lung cancer with palliative 
intent, irrespective of treatment modalities that were given
prior to the palliative treatment, such as surgery or radiation.  

2. EBUS-TBNA procedure 

EBUS-TBNA was performed using an ultrasound broncho-
scope and a dedicated ultrasound processor (convex probe-
EBUS, BF-UC260F-OL8 and EU-C2000, Olympus, Tokyo,
Japan). Needle aspiration was performed with a 22-gauge
needle (NA-201SX-4022, Olympus). The procedure was per-
formed with the patient under conscious sedation (midazo-
lam) and local anesthesia (lidocaine). One or more target
lesions were selected at the bronchoscopists’ discretion. When
the main lesion that was suspicious for recurrence or pro-
gression was not accessible by EBUS-TBNA, the broncho-
scopists selected targets that were still suspicious for malig-
nancy and accessible by EBUS-TBNA as the second option.
Thansbronchial needle aspirations were performed on target
lesions. We allowed additional aspirations by endoscopic 
ultrasound with bronchoscope-guided fine needle aspiration
(EUS-B-FNA) when we encountered difficulties with EBUS-
TBNA. The aspirate was placed into a solution of 10% neu-
tral-buffered formalin. Cell-blocks were prepared and stai-
ned with hematoxylin and eosin. EGFR mutation analysis
was performed with direct sequencing as described in the lit-
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erature [20] or peptide nucleic acid–mediated polymerase
chain reaction clamping. A pathologist (G.K.L.) performed
the cytopathologic and molecular examinations.

3. Data collection 

We collected demographic and clinical data of the enrolled
patients by reviewing their medical records. We examined
baseline characteristics including age, sex, histologic diagno-
sis, staging of lung cancer at the time of initial diagnosis,
sampling methods used for the initial histologic diagnosis,
and time elapsed from initial diagnosis to re-biopsy. We also
collected data regarding target lesions and details of the
EBUS-TBNA procedures performed, such as the location and
size of the targets, maximum standardized uptake value
(mSUV) of the targets in patients with positron emission 
tomography–computed tomography (PET-CT) scans, num-
ber of aspirations per target during the EBUS-TBNA, number
of tissue core samples obtained by EBUS-TBNA per target,
procedure time, and complications associated with the pro-
cedure. When the main lesion suspicious for recurrence and
progression was not targeted by EBUS-TBNA, we recoded
the cases. Lymph node location was classified according to
the International Association for the Study of Lung Cancer
lymph node map [21]. We measured the short diameter of
lymph nodes and the long diameter of non-nodal lesions on
the axial chest computed tomography scans. The bronchos-
copy (±EUS-B) procedure time from the start to the end of
the procedure was calculated; this included procedure time
for a routine bronchoscopy performed before EBUS-TBNA.
Major complications were defined as complications requiring
admission or interventional procedures. Other complications
were considered to be minor. 

Treatment modalities were reviewed to categorize the 
enrolled patients as described above. In patients with previ-
ous radiation treatment, we reviewed whether or not the tar-
get lesion was located in the radiation field (delivered at least
20 Gy of radiation). 

We reviewed the cytopathological findings of specimens.
When EBUS-TBNA was performed repeatedly for re-biopsy,
we analyzed the first result of EBUS-TBNA only. Cytopatho-
logical specimens were categorized as positive (presence of
tumor cells), negative (lymphocytes, lymphoid tissue, infla-
mmatory, or specific benign features), or inadequate (no or
scanty cellular components, blood only, or cartilage or bron-
chial epithelial cells only). The histologic types of the malig-
nancies diagnosed by re-biopsy were recorded. The clini-
cians’ requests for EGFRmutation analysis, which was orde-
red before obtaining the EBUS-TBNA results, were reviewed.
We recorded the major EGFR mutations (exon 19 deletion
and exon 21 L858R mutation) and T790M mutation diag-
nosed by re-biopsy. 

4. Calculation of diagnostic values 

Diagnostic values, such as sensitivity, negative predictive
value (NPV), and accuracy were calculated according to the
standard definitions in a patient-based calculation. A patient
with a positive result was considered to be a true positive
case. In patients with a negative or inadequate result only,
we considered the case to be a true negative when the target
was confirmed to be benign by surgical biopsy or clinical fol-
low-up (e.g., specific benign diseases such as sarcoidosis, 
tuberculosis, etc.) or if there was no evidence of progression
by imaging studies for 6 months after the re-biopsy and with-
out anti-cancer treatment for the target lesions. When the tar-
gets were confirmed to be malignant by other cytopatho-
logical methods or if they progressed within 6 months after
re-biopsy, we considered the case to be a false-negative case.
When a patient with a negative or inadequate result received
a new anti-cancer treatment targeting the lesions or was not
followed for 6 months after the re-biopsy, we considered the
case as a not-applicable. Not-applicable cases were excluded
from the calculations of prevalence, sensitivity, NPV, and 
accuracy. 

Sample adequacy (proportion of positive or negative 
results) was determined using a lesion-based calculation. The
suitability of specimens for EGFRmutation analysis (propor-
tion of processed EGFRmutation analyses among requested
cases) was calculated.

5. Statistical analysis 

Baseline characteristics are summarized using descriptive
statistics, such as the numbers and percentages, mean±stan-
dard deviation, or median (interquartile range [IQR]), as 
appropriate. Number of aspirated targets, number of aspira-
tions per target prevalence, and diagnostic values (sensitiv-
ity, NPV, accuracy, and sample adequacy) were compared
between groups by t test, chi-square test or Fisher exact test,
as appropriate. A p-value of < 0.05 was considered statisti-
cally significant. All analyses were conducted using Stata Sta-
tistics ver. 14 (Stata Corp, College Station, TX).

6. Ethical statement 

This study was approved by the National Cancer Center
Institutional Review Board (IRB no. NCC2016-0257) and per-
formed in accordance with the principles of the Declaration
of Helsinki. The requirement for informed consent was wai-
ved. 
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Results

1. Patient characteristics, target lesions, and EBUS-TBNA

procedures

Of the 5,710 patients who underwent EBUS between 2006

and 2016 at the National Cancer Center, EBUS-TBNA was

performed for re-biopsy in 367 lung cancer patients. Baseline

characteristics of all the patients and their classification into

the different treatment groups are presented in Table 1. The

mean patient age was 64.4 years, and the proportion of male

patients was 72.8%. Although we did not examine the differ-

ences in initial histology and staging between groups by sta-

tistical analysis, we could observe these differences, such as

the proportion of SCLC and advanced disease between

groups that are relevant to treatment options. For the initial

histologic diagnosis, transthoracic sampling methods were

used in 38.4% of patients, and bronchoscopic methods were

used in 47.4% of patients. The mean elapsed time from the

initial diagnosis to the EBUS re-biopsy was 23.3 months. 

In 88.8% (n=326) of patients, the main lesion that was sus-

picious for recurrence or progression was targeted. In 11.2%

(n=41) of cases, the main targets were not or could not be 

accessed, most of which were in the palliation group (n=32).

In 33 patients, EBUS-TBNA procedures were repeated more

than twice, in which case we evaluated only the result of the

first biopsy for calculation of diagnostic values.

Table 1.  Baseline characteristics of patients 

Characteristic
All Surgery Radiation Palliation

(n=367) (n=192) (n=40) (n=135)

Age (yr) 64.4±9.2 65.9±8.0 68.6±8.6 61.3±9.9                    

Male sex 267 (72.8) 152 (79.2) 38 (95) 77 (56.5)

Histology of initial diagnosis

Adenocarcinoma 199 (54.2) 82 (42.7) 12 (30.0) 105 (78.3)

Squamous cell lung cancer 117 (31.9) 97 (50.5) 13 (32.5) 7 (5.1)

Large cell lung cancer 5 (1.4) 2 (1.0) 0 ( 3 (2.2)

Adenosquamous 3 (0.8) 3 (1.6) 0 ( 0 (

Sarcomatoid carcinoma 4 (1.1) 3 (1.6) 0 ( 1 (0.7)

Non-small cell lung cancer, others 7 (1.9) 3 (1.6) 1 (2.5) 3 (2.2)

Small cell lung cancer 26 (7.1) 0 ( 13 (32.5) 13 (9.4)

Combined histology 6 (1.6) 2 (1.0) 1 (2.5) 3 (2.2)

Stage at initial diagnosis

Non-small cell lung cancer 341 (93.0) 192 (100) 26 (65.0) 123 (91.1)

Stage I 105 (28.6) 91 (47.4) 11 (27.5) 3 (2.2)

Stage II 59 (16.1) 51 (26.6) 5 (12.5) 3 (2.2)

Stage III 70 (19.1) 48 (25.0) 10 (25.0) 12 (8.9)

Stage IV 107 (29.2) 2 (1.0) 0 ( 105 (77.8)

Small cell lung cancer 26 (7.1) 0 ( 14 (35.0) 12 (8.9)

Extensive disease 11 (3.0) 0 ( 0 ( 11 (8.1)

Limited disease 15 (4.1) 0 ( 14 (35.0) 1 (0.7)

Sampling methods for initial diagnosis

TTNA or TTNB  141 (38.4) 82 (42.7) 12 (30.0) 47 (34.8)

Bronchoscopic biopsya) 125 (34.1) 71 (36.9) 18 (45.0) 36 (26.7)

EBUS-TBNA 49 (13.4) 9 (4.7) 8 (20.0) 32 (23.7)

Surgery 32 (8.7) 27 (14.0) 1 (2.5) 4 (3.0)

Neck node or SCN sampling 4 (1.1) 0 ( 1 (2.5) 3 (2.2)

Pleural effusion cytology 4 (1.1) 0 ( 0 ( 4 (3.0)

Others 12 (3.3) 3 (1.6) 0 ( 9 (6.7)

Time between initial and re-biopsy (mo) 23.3±16.8 24.3±16.4 25.6±18.4 21.1±16.8

Values are presented as mean±standard deviation or number (%). TTNA, transthoracic needle aspiration; TTNB, transthoracic

needle biopsy; EBUS-TBNA, endobronchial ultrasound-guided transbronchial needle aspiration; SCN, supra-clavicular

lymph node. a)Endobronchial or transbronchial biopsy.  
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Characteristics of target lesions and details of the proce-
dures are listed in Table 2 and S1 Table. Among the 367 pati-
ents, 544 targets were sampled (average, 1.48 lesions/pati-
ent). In 19 patients (5.2%), EUS-B-FNA was added following
EBUS-TBNA on 23 lesions (4L, n=11; 7, n=6; 2L, n=2; 1R, n=2;
2R, n=1; 10L, n=1). Lymph nodes were the most common tar-
gets (78.7%), with the remaining targets comprising bron-
chial stump/peribronchial soft tissue (3.5%), lung paren-
chymal lesions (17.6%), and pleural lesions (0.2%). The mean
sizes of the aspirated lymph nodes and non-nodal lesions
were 13.0 mm (range, 5.1 to 41.0 mm) and 39.3 mm (range,
9.8 to 108.2 mm), respectively. The mean mSUV of the targets
was 7.8 in 286 patients who underwent PET-CT. The number
of needle aspirations and tissue cores per target were 3.5 and

2.8, respectively. The average time for the procedure was 20.9
minutes (data available in 277 patients). There were no major
complications, and only minor complications were observed
in 3.3% of patients (n=12) (Table 2). 

2. Diagnostic values of EBUS-TBNA and subgroup analysis
according to treatment 

Diagnostic values of EBUS-TBNA are presented in Table 3.
In patient-based assessment, we did not analyze the result of
EUS-B-FNA separately. Malignant cells were detected in 366
lesions of 280 patients (76.3%). In 87 patients (23.7%) with
negative or inadequate results only, the median follow-up
duration was 28.2 months (IQR, 17.2 to 52.2 months). We had
62 true-negative cases including one patient with sarcoidosis
and 13 false-negative cases. Among the 13 false-negative
cases, imaging follow-up showed disease progression in 12
patients (confirmed by repeated EBUS-TBNA, n=2). In one
patient, malignancy was confirmed by surgical resection.
Twelve patients (3.3%) were classified as not applicable (fol-
low-up < 6 months, n=9; treatment given, n=3). After exclud-
ing these 12 patients, the prevalence of malignancy in this
re-biopsy group was determined to be 82.5%, and the sensi-
tivity, NPV, and accuracy of EBUS-TBNA for re-biopsy was
95.6%, 82.7%, and 96.3%, respectively. 

Subgroup analyses according to previous treatments are
presented in Table 3 (curative group, n=232 [surgery group,
n=192; radiation group, n=40]; palliation group, n=135). In
comparison with the curative and palliation groups, the
prevalence was significantly lower in the curative group
(73.9% vs. 97.7%, p < 0.001). The average number of aspirated
targets was higher in the curative group (1.6±0.8) than in the
palliation group (1.3±0.6, p=0.002) and number of aspirations
per target was higher in the palliation group (4.3±1.5) than
in the curative group (3.1±1.1, p < 0.001) (data not presented
in the Table).

We compared the diagnostic values of EBUS-TBNA bet-
ween the surgery, radiation, and palliation groups. The sen-
sitivity was lower in the radiation group (83.3%) when
compared with the surgery (95.7%, p=0.042) and palliation
(97.7%, p=0.012) groups. The sensitivity was not different 
between the surgery and palliation groups (95.7% vs. 97.7%,
p=0.503). The NPV was lower in the palliation group (50.0%)
than in the surgery group (88.5%, p=0.042). The NPV did not
differ between the radiation and surgery groups (76.5% vs.
88.5%, p=0.254) or radiation and palliation groups (76.5% vs.
50.0%, p=0.319). The accuracy was lower in the radiation
group (89.2%) compared with the palliation group (97.7%,
p=0.041), although we could not observe a statistical differ-
ence in comparison with the surgery group (96.8%, p=0.065).
The accuracy was not different between the surgery and pal-
liation groups (96.8% vs. 97.7%, p=0.739). The sample ade-

Table 2. Characteristics of target lesions and EBUS-TBNA
procedures

Values are presented as number (%) or mean±standard 
deviation. EBUS-TBNA, endobronchial ultrasound-guided
transbronchial needle aspiration; CT, computed tomogra-
phy; PET-CT, positron emission tomography–computed
tomography; SUVmax, maximum standardized uptake val-
ues. a)Others: parenchymal, stump, or peribronchial lesions. 

Characteristic Value
Location of target lesions  544 (

Mediastinal nodes  302 (55.5)
Hilar/Interlobar or peripheral nodes  126 (23.2)
Bronchial stump or peribronchial soft tissue 19 (3.5)
Lung parenchymal lesion 96 (17.6)
Pleural lesion 1 (0.2)

Target lesions per patients 
Lymph nodes only 256 (69.8)
Lymph nodes and othersa) 81 (22.1)
Parenchymal/Stump/Peribronchial/ 30 (8.2)
Pleural lesion only

Size of target on axial CT images (mm)  
Lymph nodes 13.0±5.3
Non-nodal lesions 39.3±21.1

PET-CT, patients  286 (77.9)
PET SUVmax 7.8±4.2

Procedure
No. of needle aspiration/Target 3.5±1.4
No. of tissue core samples/Target 2.8±1.3

Procedure time, min 20.9±8.4
Major complications 0 (
Minor complications 12 (3.3)

Desaturation during procedure 6 (1.6)
Transient fever 3 (0.8)
Minor bleeding 2 (0.5)
Transient chest pain 1 (0.3)
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quacy of the specimens was lower in the radiation group
(80.3%) than in the surgery group (95.4%, p < 0.001) or palli-
ation group (97.8%, p < 0.001). We did not observe any dif-
ference in sample adequacies between the surgery and
palliation groups (95.4% vs. 97.8%, p=0.222) (Table 3). 

In the surgical group, EBUS-TBNA was performed in
stump sites in 14 cases (7.3%), and eight cases (57.1%) were
diagnosed as being malignant. The sensitivity and accuracy
of EBUS-TBNA in stump re-biopsy were both 100%. In the
radiation group, targets were located within the radiation
field in 28 cases, whereas the others were located outside of
the field only (n=12). In the radiation group, targets were 
located within radiation field in the all false-negative cases
(n=4). 

3. Histologic types, mutation analysis, and treatment choice

Among the 367 enrolled patients, 23 (6.3%) had a different
histologic type than the initial diagnosis. Among them, 17
were in the curative group, and the lesions were considered
to be new second primary tumors. In the remaining six pati-
ents, re-biopsy was performed in the palliation group; all six
patients were judged to have second primary tumors and
SCLC transformation was not observed in the palliation
group (Table 4). 

At the time of re-biopsy, EGFR analysis was requested in
32.9% of 280 patients with positive EBUS-TBNA results
(n=92). Among the 92 patients, EGFRmutation analysis was
not processed in five cases due to sample inadequacy. There-
fore, the suitability for EGFR mutation analysis was 94.6%

Fig. 1.  (A) A 75-year-old man with adenocarcinoma, initial stage IB. Recurrence at the stump site was suspected one year
after right upper lobectomy. Endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) confirmed
recurrence. (B) A 65-year-old man with small cell lung cancer, initial stage of limited disease. Nodules in the radiation therapy
field were observed 1.5 years after concurrent chemoradiation therapy. EBUS-TBNA diagnosed small cell lung cancer. (C)
A 65-year-old man with adenocarcinoma, epidermal growth factor receptor (EGFR) mutation (L858R), initial stage IV. Cancer
progression was suspected after treatment with gefitinib and erlotinib. EBUS-TBNA for re-biopsy detected EGFR T790M
mutation. 

A

B

C
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(n=87). Major EGFR mutations were detected in 49 patients
(56.3%). Among the 49 patients, 39 (79.6%) had previously
used TKI and 10 (25.6%) were confirmed to have the T790M
mutation. 

The treatment plan was determined based on the results
of the re-biopsy. Among the 280 cases with confirmed recur-
rent or progressive disease, most patients (n=244, 87.1%)
were switched to other treatment methods or new regimens
of chemotherapy. No treatment decision was rendered in 36
patients (12.9%), which was a result of poor performance sta-
tus or the patient’s decision to stop further treatment. 

Discussion

In this retrospective study, we evaluated a relatively larger
number of EBUS-TBNA cases for re-biopsy compared to pre-
vious studies [2,13-19]. We observed high diagnostic values
of EBUS-TBNA in diagnosing disease recurrence or progres-
sion. The sensitivity, NPV, and accuracy of EBUS-TBNA for
re-biopsy were 95.6%, 82.7%, and 96.3%, respectively. No
major complications in the procedures were observed. There
were only minor complications in 12 patients (3.3%). Other
studies also showed high sensitivities of EBUS-TBNA for re-
biopsy in postoperative groups (80.9%-100%) [13-15], mixed
treatment groups (91.4%-93.1%) [2,16], and palliative groups
(100% in two studies) [18,19], although their sample numbers
were smaller than ours. The results of our study showed that
EBUS-TBNA was effective and safe for performing re-biop-
sies of lung cancer. 

The strength of our study lies within the subgroup analysis
according to treatment. Previous studies were more focused
on the role of EBUS-TBNA in postoperative recurrence 
[13-15], and re-biopsy in a palliative setting was only ana-
lyzed in a small case series [18,19]. Moreover, the role of
EBUS-TBNA for re-biopsy after radiation therapy was not
separately investigated. In this study, we divided patients
into three groups according to the treatment they had recei-
ved: surgery, radiation, and palliation. The surgery group
and radiation group belong to curative group and the palli-
ation group included patients with advanced lung cancer
treated with palliative intent. Essentially, the palliation group
had a higher prevalence of malignancy, which is relevant to
clinical settings. 

In the surgery group (Fig. 1A), we observed high diagnos-
tic values of EBUS-TBNA (sensitivity, 95.7%; NPV, 88.5%;
and accuracy, 96.8%). After surgical resection of the lung,
anatomical changes, such as obstruction, narrowing, or dis-
tortion, inevitably occur [22,23]. However, our study shows
that EBUS-TBNA can be effectively used for postoperative

recurrence when the target is accessible by EBUS. In this
study, EBUS-TBNA was performed in the stump site in 14
cases (7.3%), and the sensitivity of EBUS-TBNA in the stump
re-biopsy was 100%. Diagnosing lesions around the surgical
stump can be technically difficult due to fibrosis and the sur-
gical materials. However, our results show that EBUS-TBNA
is effective for stump biopsy. 

In the radiation group (Fig. 1B), the sensitivity, NPV, and
diagnostic accuracy of EBUS-TBNA were 83.3%, 76.5%, and
89.2%, respectively. The sensitivity was lower in the radia-
tion group when compared to other groups. Additionally,
the accuracy was lower compared to that of the palliation
group. Radiation therapy induces inflammation or fibrosis
and can cause aggressive and irreversible structural changes
[24,25]. We believe that these diagnostic values in the radia-
tion group are affected by radiation changes, such as fibrosis,
that make an EBUS-TBNA procedure difficult. We observed
that sample adequacy was also significantly lower in the 
radiation group (80.3%), which further supports our expla-
nation. Moreover, all false negative results were observed in
cases with target lesions in the radiation field, which also
suggests the technical limitations of EBUS-TBNA in the 
radiation field. We think the EBUS-TBNA results obtained
in the radiation field are not sufficiently acceptable, and thus,
careful clinical follow-up is needed. 

In the palliation group (Fig. 1C), the sensitivity, NPV, and
diagnostic accuracy of EBUS-TBNA were 97.7%, 50.0%, and
97.7%, respectively. To our knowledge, this is the largest case
series regarding the use of EBUS-TBNA for re-biopsy after
palliative treatment. Chemotherapy can cause structural lung
damages [26] and may result in a lower diagnostic yield of
EBUS-TBNA in the neo-adjuvant setting [27,28]. However,
our results show that EBUS-TBNA is a highly sensitive and
accurate method for re-biopsy of progressive lesions in the
palliative setting. According to studies of TTNA, the diag-
nostic yield of re-biopsy in advanced lung cancer was about
82%-85% [6,7]. Although, direct comparisons between EBUS-
TBNA and TTNA is difficult to perform in cases of re-biopsy,
the high complication rate associated with TTNA [6,7] sug-
gests that EBUS-TBNA is the preferable method for re-biopsy
of progressive lesions when the target is accessible by EBUS.
In the palliation group, we targeted lesions other than the
main lesions in 32 patients, which suggest that EBUS-TBNA
can be performed when other methods are difficult or not
feasible. However, we observed a relatively low NPV for
EBUS-TBNA in the palliation group. In this study, number
of targets were lower (mean, 1.3 vs. 1.6) and number of aspi-
rations per target was higher (mean, 4.3 vs. 3.1) in the palli-
ation group compared with curative group; which may be
related with the purposes of procedures such as confirming
the extent of recurrence in the curative group and tissue 
acquisition in the palliation group. The number of needle
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passes required for re-biopsy for progressive disease was not
determined. One study suggested four aspirations for mole-
cular analysis [29]. Considering the number of aspirations in
the palliation group of this study, our low NPV may not be
related to the inadequacy of the EBUS-TBNA procedures. We
believe this low NPV is related to the high prevalence of 
malignancy in advanced disease stages. Thus, the effective-
ness of EBUS-TBNA cannot be underestimated based on the
low NPV and target selection seems to be important.   

In this study, the results of the EBUS-TBNA re-biopsies 
altered the treatment management in 87.1% of patients with
positive results. In 6.3% of patients, we observed different
histologic types than that of the initial diagnosis. Anraku et
al. [2] reported new primary lung cancers in 16% (7/44) of
postoperative patients who underwent EBUS-TBNA for 
re-biopsy. Diagnosing second primary cancers is an impor-
tant role of EBUS-TBNA, especially in the curative setting. In
the palliative setting, we observed several cases exhibiting
different histology than that of the initial diagnosis, which
were suspicious for second primary cancers. However, we
did not observe SCLC transformation which was reported to
occur in about 3%-14% of patients with EGFR resistance
[30,31]. 

In the present study, the suitability (94.6%) for EGFRmuta-
tion analysis with re-biopsy samples obtained by EBUS-
TBNA was high. According to Navani et al. [10], EGFR
mutation analysis was possible in 90% of patients in whom
it was requested. However, they did not perform EBUS-
TBNA for re-biopsy. Therefore, our result is meaningful 
because EGFR mutation analysis is the main reason for 
re-biopsy in patients treated with EGFR-TKIs. We observed
acquired T790M mutations in 25.6% of patients who were
treated with EGFR-TKI, which is lower than the proportions
reported in the literature (50%-60%) [4,32,33]. This may be
because we used EBUS-TBNA mainly in the lymph nodes.
In some patients, EBUS-TBNA was not performed in the
main suspicious lesion due to inaccessibility or technical dif-
ficulty. The discordance in EGFR mutation results was
shown between the primary tumor and the metastatic nodes
[20,34]. Spatiotemporal T790M heterogeneity was also 
observed in a study, which performed re-biopsies at multiple
sites after TKI treatment [35]. Selection bias may have affec-
ted the result, as we did not perform EGFRmutation analysis
in all patients with progressive disease after EGFR-TKI treat-
ment. 

This study has several limitations. First, we could not sur-
gically confirm negative or inadequate results. Therefore,
true- or false-negative cases judged by clinical follow-up may
lead to false interpretations. However, previous studies 
regarding re-biopsy in lung cancer patients calculated diag-
nostic values using similar definitions of positivity or nega-
tivity [13,15,16]. Second, due to the retrospective nature of

this study, the targets were selected at the bronchoscopists’
discretion. We could not provide specific guidelines for the
selection of targets, such as that based on size or PET uptake.
The accessibility by EBUS-TBNA according to the location of
targets was also determined by bronchoscopists. The rela-
tively small number of patients who underwent EGFRmuta-
tion analysis is another limitation. Finally, we added EUS-
B-FNA, as described in the literature [36], following EBUS-
TBNA in a small proportion of patients. We did not analyze
the result of EUS-B-FNA separately, because we did not pro-
vide specific indications for adding EUS-B-FNA in this ret-
rospective study. More studies are required to further
investigate the role of EUS-B-FNA in re-biopsy. 

In summary, EBUS-TBNA showed high diagnostic values
for the re-biopsy of suspicious recurrent or progressive 
lesions in previously treated lung cancer. It is found to be a
safe method with a low complication rate. In the radiation
group, this method exhibited a relatively lower sensitivity,
and the palliation group had a lower NPV. The suitability for
EGFR mutation analysis was high in the patients for whom
it was requested. Additionally, the use of EBUS-TBNA for
re-biopsy largely affected the treatment management. There-
fore, EBUS-TBNA should be considered for re-biopsy in lung
cancer, although the results can be affected by previous treat-
ment.
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Purpose
The purpose of this study was to evaluate the treatment outcomes of radiotherapy (RT) for
breast cancer with ipsilateral supraclavicular (SCL) and/or internal mammary (IMN) lymph
node involvement.

Materials and Methods
A total of 353 patients from 11 institutions were included. One hundred and thirty-six pati-
ents had SCL involvement, 148 had IMN involvement, and 69 had both. All patients received
neoadjuvant systemic therapy followed by breast-conserving surgery or mastectomy, and
postoperative RT to whole breast/chest wall. As for regional lymph node irradiation, SCL RT
was given to 344 patients, and IMN RT to 236 patients. The median RT dose was 50.4 Gy.

Results
The median follow-up duration was 61 months (range, 7 to 173 months). In-field progression
was present in SCL (n=20) and/or IMN (n=7). The 5-year disease-free survival (DFS) and
overall survival rates were 57.8% and 75.1%, respectively. On multivariate analysis, both
SCL/IMN involvement, number of axillary lymph node ! 4, triple-negative subtype, and mas-
tectomy were significant adverse prognosticators for DFS (p=0.022, p=0.001, p=0.001,
and p=0.004, respectively). Regarding the impact of regional nodal irradiation, SCL RT dose
! 54 Gy was not associated with DFS (5-year rate, 52.9% vs. 50.9%; p=0.696) in SCL-
involved patients, and the receipt of IMN RT was not associated with DFS (5-year rate, 56.1%
vs. 78.1%; p=0.099) in IMN-involved patients.

Conclusion
Neoadjuvant chemotherapy followed by surgery and postoperative RT achieved an accept-
able in-field regional control rate in patients with SCL and/or IMN involvement. However, a
higher RT dose to SCL or IMN RT was not associated with the improved DFS in these pati-
ents.
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Breast neoplasms, Supraclavicular lymph node, 
Internal mammary lymph node, Radiotherapy
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Introduction

Since the recent publication of randomized controlled trials
[1,2], elective regional nodal radiotherapy (RT) including
supraclavicular lymph nodes (SCL) and internal mammary
lymph nodes (IMN) has become the standard treatment in
the adjuvant RT for node-positive breast cancer. In the mean-
while, neoadjuvant systemic therapy (NST) followed by sur-
gery and postoperative RT is a widely accepted treatment for
breast cancer with clinically apparent SCL or IMN [3-5]. Ini-
tially involved nodal areas are usually included in the RT
field, but there are little data on the impact of regional nodal
RT in this setting.

Historically, SCL involvement presented as palpable dis-
ease, and the IMN involvement was confirmed after surgical
excision such as extended radical mastectomy. With the 
development of imaging technologies such as positron emis-
sion tomography–computed tomography (PET-CT), how-
ever, extra-axillary regional lymph nodes in locally advanced
breast cancer have been increasingly detected [6-8]. Despite
the possibility of over-diagnosis, non-palpable SCL and/or
clinically detected IMN involvement is becoming more and
more common, and more data on the treatment outcome in
this setting is needed.

In this study, we evaluated the treatment outcomes of NST
followed by surgery and postoperative RT for breast cancer
with SCL and/or IMN involvement and investigated the 
impact of regional nodal RT on the outcomes in these pati-
ents.

Materials and Methods

1. Study population

After institutional review board approval, a total of 353 
patients with involved SCL and/or IMN but without distant
metastases were included from 11 institutions between Jan-
uary 2000 and December 2013. SCL and/or IMN metastases
were defined as involvement on imaging studies including
PET-CT, magnetic resonance imaging (MRI) of the breast,
chest CT, and/or breast ultrasonography (US).

Overall, PET-CT was performed in 325 patients (92.1%),
MRI in 274 (77.6%), CT in 119 (33.7%), and US in 342 (96.9%).
Among patients with SCL involvement (n=205), SCL was 
observed in PET-CT (173 of 189), MRI (71 of 141), CT (41 of
76), and US (146 of 198). Meanwhile, IMN was observed in
PET-CT (184 of 205), MRI (134 of 187), CT (37 of 69), and US
(127 of 213) among 217 patients with IMN involvement. 

According to the number of imaging modalities, all four
modalities identified SCL in three patients, three modalities
in 71, two modalities in 75, and a single modality in 56, while
IMN was identified by all four modalities in three patients,
three modalities in 95, two modalities in 67, and a single
modality in 52. Pathological confirmation was done in 99 
patients for SCL and 59 patients for IMN.

2. Treatment

All patients received NST. Chemotherapeutic regimen was
adriamycin-based chemotherapy (n=60), taxane-based che-
motherapy (n=268), and others (n=18). Seven patients recei-
ved hormonal therapy and/or anti–human epidermal grow-
th factor receptor 2 (HER2) therapy without cytotoxic che-
motherapy.

With regard to surgical treatment for breast, mastectomy
was performed in 224 patients, breast-conserving surgery in
127, and no breast surgery in two due to occult breast cancer.
Axillary lymph node dissection was performed in 304 pati-
ents and sentinel lymph node biopsy in 49. Fifty-nine pati-
ents underwent SCL excision and 14 patients underwent
IMN excision.

Postoperative RT was given to breast/chest wall up to a
median dose of 50.4 Gy (range, 43.2 to 70 Gy). SCL RT was
given in 344 patients, and IMN RT in 236. The median dose
to SCL and IMN was 50.4 Gy (range, 45 to 70.4 Gy) and 50.4
Gy (range, 43.2 to 66 Gy), respectively.

One hundred and fifty patients received adjuvant chemo-
therapy: adriamycin-based chemotherapy in 22 patients, tax-
ane-based chemotherapy in 100, and others in 28. One hund-
red and ninety-one patients received hormonal therapy, and
111 patients received anti-HER2 therapy.

3. Statistical analysis

Local recurrences were defined as disease recurrences in
the ipsilateral breast or chest wall, and regional recurrences
as those in the ipsilateral axillary lymph node, SCL, and/or
IMN. Disease recurrences other than local and/or regional
recurrences were defined as distant metastases. The time 
between initial treatment and recurrence or last follow-up
was measured as disease-free survival (DFS). Overall sur-
vival (OS) was defined from the date of initial treatment to
the date of death from any cause or last follow-up. The actu-
arial survival rates were calculated by the Kaplan-Meier
method and compared using the log-rank test. On multivari-
ate analysis, Cox proportional-hazards model was applied.
Factors with p-value < 0.05 on univariate analysis were 
included in the multivariate analysis. A p < 0.05 was consid-
ered statistically significant. Differences in categorical vari-
ables were compared using the standard chi-square test or
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Fisher exact test. All statistical analyses were performed
using SPSS software (release 18.0.1. SPSS Inc., Chicago, IL).

4. Ethical statement

The institutional review board approved this study (appro-
val number: H-1612-095-815 at Seoul National University

Hospital), and waived the requirement for obtaining infor-
med consent.

Results

1. Characteristics

The patient and tumor characteristics are summarized in
Table 1. The median age was 47 years (range, 23 to 84 years).
As for clinical T category, 188 patients had cT1-2, and 161
had cT3-4 disease. One hundred and thirty-six patients had
SCL involvement, 148 had IMN involvement, and 69 had
both. After NST, pathologic T categories were as follows:
ypT0-is in 66 patients, ypT1-2 in 216, and ypT3-4 in 71. The
number of involved axillary lymph nodes was 0 in 103 pati-
ents, 1-3 in 98, 4-9 in 90, and ! 10 in 62. Regarding the res-
ponse of SCL and IMN to NST, each 75.9% of patients show-
ed clinical complete remission (CR) on imaging. Hormonal
receptor was positive in 53.0% of patients, and HER2 posi-
tivity was observed in 37.4% of patients.

2. Outcomes and prognostic factors

The median duration of follow-up was 61 months (range,
7 to 173 months). There were 67 patients with loco-regional
recurrences and 140 patients with distant metastases. Among
loco-regional recurrences, 20 patients had isolated local 
recurrences, 23 isolated regional recurrences, and 24 local
and regional recurrences. The 5-year DFS and OS were 57.8%
and 75.1%, respectively (Fig. 1).

On univariate analysis, ypT category, extent of SCL and/or
IMN involvement, number of involved axillary lymph
nodes, histologic grade, lymphovascular invasion, molecular

Table 1. Patient and tumor characteristics 

Values are presented as median (range) or number (%).
IMN, internal mammary lymph node; SCL, supraclavicu-
lar lymph node; HER2, human epidermal growth factor
receptor 2; NST, neoadjuvant systemic therapy; CR, com-
plete remission.

Variable No. (%) (n=353)
Age (yr) 47 (23-84)
Clinical T category

cT1-2 188 (53.3)
cT3-4 161 (45.6)
cTx 4 (1.1)

Nodal involvement
IMN only 148 (41.9)
SCL only 136 (38.5)
SCL+IMN 69 (19.5)

Pathologic T category
ypT0 47 (13.3)
ypTis 19 (5.4)
ypT1 129 (36.5)
ypT2 87 (24.6)
ypT3-4 71 (20.1)

No. of positive axillary nodes
0 103 (29.2)
1-3 98 (27.8)
4-9 90 (25.5)
! 10 62 (17.6)

Hormonal receptor status
Positive 187 (53.0)
Negative 166 (47.0)

HER2 status
Positive 132 (37.4)
Negative 207 (58.6)
Equivocal 14 (4.0)

SCL response to NST
Clinical CR 267 (75.6)
Clinical non-CR 72 (20.4)
Unknown 14 (4.0)

IMN response to NST
Clinical CR 268 (75.9)
Clinical non-CR 66 (18.7)
Unknown 19 (5.4)

Fig. 1.  Disease-free and overall survival curves among all
the patients (n=353).
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subtype, type of breast surgery, hormonal therapy, and anti-
HER2 therapy were significantly associated with DFS. On
multivariate analysis, both SCL and IMN involvement (haz-
ard ratio [HR], 1.568; 95% confidence interval [CI], 1.066 to
2.304; p=0.022), four or more involved axillary lymph nodes
(HR, 1.950; 95% CI, 1.323 to 2.875; p=0.001), triple-negative
subtype (HR, 2.626; 95% CI, 1.482 to 4.653; p=0.001), and mas-
tectomy (HR, 1.911; 95% CI, 1.224 to 2.984; p=0.004) were 

adverse prognostic factors for DFS (Table 2).
With regard to OS, ypT cateogry, extent of SCL and/or

IMN involvement, number of involved axillary lymph
nodes, histologic grade, molecular subtype, type of breast
surgery, hormonal therapy, and anti-HER2 therapy were sig-
nificant prognostic factors on univariate analysis. Among
these, both SCL and IMN involvement (HR, 1.818; 95% CI,
1.145 to 2.887; p=0.011), histologic grade 3 (HR, 1.647; 95%

DFS OS
Variable 5-Year p-value HR p-value 5-Year p-value HR p-value  

rate (univariate) (95% CI) (multivariate) rate (univariate) (95% CI) (multivariate)
Age (yr)

< 40 50.9 0.089 74.7 0.290
! 40 60.3 75.3

ypT category
0-1 64.1 0.002 1 ( 0.543 80.1 0.004 1 ( 0.065
2-4 50.0 1.126 (0.768-1.652) 68.9 1.534 (0.974-2.414)

Nodal involvement
Both SCL/IMN 47.8 0.046 1.568 (1.066-2.304) 0.022 63.4 0.019 1.818 (1.145-2.887) 0.011
Others 60.3 1 ( 78.0 1 (

No. of axillary 
lymph nodes
0-3 72.1 < 0.001 1 ( 0.001 80.5 0.001 1 ( 0.354
! 4 49.1 1.950 (1.323-2.875) 68.0 1.235 (0.791-1.928)

Histologic grade
1 or 2 61.8 0.007 1 ( 0.081 81.4 0.001 1 ( 0.025
3 50.0 1.362 (0.963-1.928) 64.8 1.647 (1.065-2.548)

Lymphovascular invasion
Absent 64.0 < 0.001 1 ( 0.108 73.7 0.570
Present 49.1 1.363 (0.934-1.989) 76.5

Molecular subtype
Triple-negative 39.0 < 0.001 2.626 (1.482-4.653) 0.001 58.6 < 0.001 3.311 (2.121-5.170) < 0.001
Others 63.9 1 ( 80.8 1 (

Breast surgery
BCS 71.7 < 0.001 1 ( 0.004 85.4 0.001 1 ( 0.002
Mastectomy 49.8 1.911 (1.224-2.984) 69.2 2.421 (1.393-4.207)

Postoperative 
chemotherapy
No 57.6 0.802 73.7 0.189
Yes 57.7 77.0

Hormonal therapy
No 49.2 < 0.001 1 ( 0.620 65.8 < 0.001 1 ( 0.350
Yes 65.1 0.884 (0.542-1.441) 83.0 0.760 (0.427-1.352)

Herceptin
No 54.2 0.042 1 ( 0.867 72.3 0.032 1 ( 0.270
Yes 65.5 0.960 (0.595-1.549) 81.0 0.687 (0.352-1.338)

DFS, disease-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; SCL, supraclavicular lymph node;
IMN, internal mammary lymph node; BCS, breast-conserving surgery.

Table 2. Univariate and multivariate analyses for DFS and OS
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CI, 1.065 to 2.548; p=0.025), triple-negative subtype (HR,
3.311; 95% CI, 2.121 to 5.170; p < 0.001), and mastectomy (HR,
2.421; 95% CI, 1.393 to 4.207; p=0.002) were independently
correlated with a worse OS on multivariate analysis (Table 2).

3. Patterns of SCL and IMN failure according to the treat-
ments

Among 205 patients with SCL involvement, 201 patients
received SCL RT. More patients failed in the SCL with the
higher RT dose to SCL ! 54 Gy, but the difference was not
statistically significant (13.9% vs. 7.4%, p=0.130). According
to the response of SCL to NST, significantly more SCL fail-
ures were observed with ! 54 Gy in patients failing to achieve
CR to NST (25.0% vs. 2.3%, p=0.005). When 59 patients 
undergoing SCL excision were excluded, there were no dif-
ferences in the crude SCL failure rates according to the dose
to the SCL (Table 3). Among those patients who underwent
SCL excision, 12 patients achieved CR to NST and 47 did not,
and five patients who failed to achieve CR experienced SCL
failures. Regarding four patients who did not receive SCL

RT, they achieved CR to NST and did not undergo SCL exci-
sion, and there were no SCL failures during follow-up.

One hundred and eighty-five of 217 patients with IMN 
involvement received IMN RT. As for IMN failure, there was
no significant difference according to the receipt of IMN RT
in patients with IMN involvement (3.8% vs. 9.4%, p=0.139).
Patients achieving CR to NST had more IMN failures when
IMN RT was not given, but the difference did not reach a sta-
tistical significance (13.0% vs. 2.8%, p=0.065). When 14 pati-
ents undergoing IMN excision were excluded, a similar
finding was observed (Table 4). Among those patients who
underwent IMN excision, two patients achieved CR to NST
and 12 did not, and no patient experienced IMN failure.
When a log-rank test was performed in 184 patients who did
not undergo IMN excision and whose response to NST was
available, the 5-year IMN failure-free survival rates were
96.9% and 90.9% in patients with and without IMN RT, res-
pectively (p=0.064) (Fig. 2).

Recurrence in SCL/Total
Total p-value

SCL RT ! 54 Gy SCL RT < 54 Gy
CR to NSTa) 3/45 (6.7) 6/70 (8.6) 9/115 (7.8) > 0.990
Non-CR to NSTa) 7/28 (25.0) 1/44 (2.3) 8/72 (11.1) 0.005
CR to NSTb) 3/41 (7.3) 6/62 (9.7) 9/103 (8.7) > 0.990
Non-CR to NSTb) 3/14 (21.4) 0/11 (0) 3/25 (12.0) 0.230
Total 11/79 (13.9) 9/122 (7.4) 20/201 (10.0) 0.130

Values are presented as number (%). SCL, supraclavicular lymph node; RT, radiotherapy; CR, complete remission; NST,
neoadjuvant systemic therapy. a)14 patients, whose response to NST was unavailable, were excluded, b)73 patients, whose
response to NST was unavailable and who underwent SCL excision, were excluded.

Table 3. Patterns of SCL failure among 201 SCL-involved patients receiving SCL RT

Recurrence in IMN/Total
Total p-value

IMN RT (+) IMN RT (–)
CR to NSTa) 3/109 (2.8) 3/23 (13.0) 6/132 (4.5) 0.065
Non-CR to NSTa) 4/60 (6.7) 0/6 (0) 4/66 (6.1) > 0.990
CR to NSTb) 3/107 (2.8) 3/23 (13.0) 6/130 (4.6) 0.068
Non-CR to NSTb) 4/48 (8.3) 0/6 (0) 4/54 (7.4) > 0.990
Total 7/185 (3.8) 3/32 (9.4) 10/217 (4.6) 0.169

Values are presented as number (%). IMN, internal mammary lymph node; RT, radiotherapy; CR, complete remission; NST,
neoadjuvant systemic therapy. a)19 patients, whose response to NST was unavailable, were excluded, b)33 patients, whose
response to NST was unavailable and who underwent IMN excision, were excluded.

Table 4. Patterns of IMN failure among 217 IMN-involved patients
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4. Subgroup analysis according to the involvement of SCL
or IMN

Within patients with SCL involvement (n=205), higher ypT
category, four or more involved axillary lymph nodes, his-
tologic grade 3, triple-negative subtype, clinical non-CR of
SCL to NST, mastectomy, and SCL excision were associated
with an inferior DFS on univariate analysis. However, the
SCL RT dose ! 54 Gy did not improve DFS (5-year rate, 52.9%
vs. 50.9%; p=0.696) (Fig. 3). On multivariate analysis, four or
more involved axillary lymph nodes (HR, 1.636; 95% CI,
1.020 to 2.621; p=0.041), histologic grade 3 (HR, 1.665; 95%
CI, 1.085 to 2.555; p=0.020), triple-negative subtype (HR,
2.181; 95% CI, 1.369 to 3.473; p=0.001), and mastectomy (HR,
1.867; 95% CI, 1.036 to 3.365; p=0.038) were significant prog-

nosticators predicting a worse DFS.
With regard to those patients with IMN involvement

(n=217), additional SCL involvement, four or more involved 
axillary lymph nodes, lymphovascular invasion, triple-neg-
ative subtype, mastectomy, and no hormonal therapy were
correlated with an inferior DFS on univariate analysis. How-
ever, the receipt of IMN RT did not impact on DFS (5-year
rate, 56.1% with IMN RT vs. 78.1% without IMN RT;
p=0.099) (Fig. 4). On multivariate analysis, additional SCL
involvement (HR, 1.663; 95% CI, 1.070 to 2.587; p=0.024), four
or more involved axillary lymph nodes (HR, 1.814; 95% CI,
1.098 to 2.998; p=0.020), triple-negative subtype (HR, 3.995;
95% CI, 2.106 to 7.579; p < 0.001), and mastectomy (HR, 2.409;
95% CI, 1.405 to 4.129; p=0.001) were significant adverse
prognosticators for DFS.

5. Impact of SCL or IMN excision on the outcomes

Among 205 patients with SCL involvement, 59 patients 
underwent SCL excision along with the breast and axillary
surgery. Among these, the response to NST was clinical CR
in 12 and non-CR in 47. All of them received SCL RT, and the
median dose was 50.4 Gy (range, 45 to 66 Gy). Regarding the
patterns of failure, there were 10 patients with local recur-
rences, nine with regional recurrences including five with
SCL recurrences, and 35 with distant metastases. The 5-year
DFS was 38.1%, significantly inferior to those without SCL
excision (57.5%, p=0.026). As mentioned earlier, however, the
significance of SCL excision disappeared on multivariate
analysis.

Fourteen of 217 patients with IMN involvement had IMN
excision. Among these, the response to NST was clinical CR
in two and non-CR in 12. All of them received IMN RT. There
were two patients with local recurrences, two with regional

Fig. 2.  Internal mammary lymph node (IMN) failure-free
survival curves in patients with IMN involvement who
did not undergo IMN excision and whose response to
neoadjuvant systemic therapy was available (n=184). RT,
radiotherapy.
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Fig. 3.  Disease-free survival curves according to the dose
to the supraclavicular lymph node (SCL) among those 
patients with SCL involvement (n=201). Four patients not
receiving radiation to the SCL were excluded. 
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Fig. 4.  Disease-free survival curves according to the recei-
pt of internal mammary lymph node (IMN) irradiation
among those patients with IMN involvement (n=217). RT,
radiotherapy.
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recurrences (one in axillary lymph node and the other in the
SCL), and five with distant metastases. The 5-year DFS was
56.3%, which was not significantly different from those with-
out IMN excision (59.6%, p=0.901).

Discussion

In our study, the outcomes of NST followed by surgery
and postoperative RT were analyzed in 353 breast cancer 
patients with SCL and/or IMN involvement which was 
detected on imaging studies. The SCL and/or IMN failures
were rare, and a higher SCL RT dose as well as the receipt of
IMN RT was not associated with a better control rate. DFS
and OS were comparable with the contemporary results, but
were not improved by a higher dose SCL RT and IMN RT.

As for the treatment for extra-axillary regional lymph
nodes in breast cancer, especially IMN, there have been a
number of historical reports to date [9]. However, extended
radical mastectomy has rarely been performed since several
randomized trials noted no survival benefit of such an aggre-
ssive treatment [10,11]. With regard to the management for
SCL, some institutions reported the outcomes of SCL exci-
sion along with breast surgery, but its benefit is not evident
until now [12,13]. Therefore, the involved SCL and/or IMN
is usually diagnosed clinically and treated by regional nodal
RT combined with systemic therapy.

Recently, especially with the development of imaging
studies, more data on the multidisciplinary treatment in this
setting are becoming available. Among these, Zhang et al. [5]
reviewed 809 patients with cN2-3 patients, and found that
112 patients (13.8%) had IMN involvement on PET-CT, MRI,
CT and/or US [5]. They also analyzed the outcomes of NST
followed by surgery and postoperative RT in these patients,
and 72.1% of IMN-involved patients achieved clinical CR on
imaging after NST. In the present study, SCL and/or IMN
involvement was determined via the same imaging studies,
and each 75.9% of patients with SCL and IMN involvement
achieved clinical CR to NST. The treatment outcomes were
also very similar, and the 5-year DFS and OS were 56% and
76% in the Zhang et al.’s study [5], and 57.8% and 75.1% in
our study, respectively. In addition, Noh et al. [14] also 
reported the treatment outcomes of SCL- and/or IMN-
involved breast cancer which was detected on imaging stud-
ies including PET-CT and MRI. When treated with NST fol-
lowed by surgery and postoperative RT, the 5-year DFS and
OS were 60.2% and 75.5%, respectively. These observations
suggest that despite of the advanced nodal disease, favorable
DFS and OS can be achieved when multimodality treatments
are given. However, these data should be interpreted with

caution, because the involvement of SCL and/or IMN might
be overestimated on imaging and those patients with occult
distant metastases could be excluded after more meticulous
imaging studies such as PET-CT compared with historical
controls. Compared with aforementioned studies, Huang et
al. [4] reported the relatively inferior DFS and OS, that is, 30%
and 47%, respectively, in SCL-involved breast cancer patients 
receiving multimodality treatments. In this study, SCL invol-
vement was presented as palpable disease in 77.5% of pati-
ents, and clinical CR rate to NST was only 49%. These find-
ings suggest that their population might have a higher tumor
burden. In addition, pathologic confirmation of IMN invol-
vement on fine-needle aspiration biopsy was reported to be
associated with an inferior progression-free survival com-
pared to those of clinically involved IMN on PET-CT [15].

Regarding the impact of regional nodal RT for SCL and/or
IMN, Park et al. [3] analyzed 55 patients with PET-detected
cN3 breast cancer who were treated with NST followed by
surgery and postoperative RT. The 5-year locoregional 
relapse-free survival, DFS, and OS were 80%, 60%, and 79%,
respectively. And, both the higher RT dose to SCL ! 55 Gy
and the receipt of IMN RT was not associated with better out-
comes. We also observed similar findings among 353 patients
from 11 institutions, that is, DFS was not improved by a
higher dose SCL RT or IMN RT. Although the receipt of IMN
RT was associated with a lower IMN failure rate even in pati-
ents achieving clinical CR to NST, the difference did not
reach statistical significance. Rather, more SCL failures were
observed with a higher SCL RT dose in patients failing to
achieve clinical CR to NST. The paradoxical dose-response
relationship could be explained that a higher RT dose might
be prescribed to a larger residual lesion after NST. However,
the major patterns of failure were distant metastases, and
therefore this finding might not be translated into a mean-
ingful DFS difference. In the aforementioned study by
Huang et al. [4], a higher SCL RT dose was prescribed to pati-
ents with non-CR to NST and was not associated with a bet-
ter SCL control. However, non-CR to NST was the indepen-
dent prognostic factor associated with an inferior DFS [4].
Considering the increase of treatment failures in those pati-
ents with non-CR to NST (S1 and S2 Tables), more intensified
systemic therapy should be incorporated to these patients.

The limitations of this study are as follows. First, there
might be potential biases which are the typical shortcomings
of retrospective studies. Performance of mastectomy was 
associated with an inferior DFS, which suggests that patients
with more advanced disease underwent mastectomy. Sec-
ond, the involvement of SCL and/or IMN was determined
on imaging studies, and therefore might be overestimated.
In some patients undergoing SCL and/or IMN excision or
biopsy, the pathologic confirmation was done, but it was not
a routine procedure in most institutions. However, the diag-
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nostic accuracy of SCL and/or IMN involvement by PET-CT
or US was reported to be about 80%-90% [7,8], and our pati-
ents showed positive findings on multiple imaging studies
in 72.2% for SCL involvement and 76.0% for IMN involve-
ment. Lastly, the extent of SCL and/or IMN involvement
was not specified. As mentioned earlier, the paradoxical
dose-response relationship between SCL RT dose and SCL
failure might be resulted from a higher tumor burden una-
vailable from the retrospective chart review. Despite these
limitations, our study represents one of the largest series on
the outcomes of multidisciplinary treatment for breast cancer
patients with SCL and/or IMN involvement.

In conclusion, NST followed by surgery and postoperative
RT achieved an acceptable in-field regional control rate in
patients with SCL and/or IMN involvement. However, a
higher SCL RT dose or IMN RT was not associated with the
improved DFS in these patients. SCL and/or IMN excision,
which was more frequently performed in patients with non-
CR to NST, achieved acceptable local control but did not 
improve DFS, either. Given the major patterns of failure were
distant metastases, more intensified systemic therapy should
be incorporated especially in those patients with non-CR to
NST.
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Purpose

The evidence on effects of TV viewing time among premenopausal and postmenopausal

women for breast cancer risk remains controversial and limited. 

Materials and Methods

A prospective study encompassing 33,276 (17,568 premenopausal, and 15,708 post-

menopausal) women aged 40-79 years in whom TV viewing time, menstrual, and reproduc-

tive histories were determined by a self-administered questionnaire. The follow-up was from

1988 to 2009 and hazard ratios (HRs) with 95% confidence intervals (CIs) of breast cancer

incidence were calculated for longer TV viewing time in reference to shorter TV viewing time

by Cox proportional hazard models.

Results

During 16.8-year median follow-up, we found positive associations between TV viewing time

and breast cancer incidence with a borderline significant trend among total women and a

significant trend among postmenopausal women. Among total women, the multivariable

HRs (95% CIs) for risk of breast cancer in reference to < 1.5 hr/day of TV viewing time were

0.89 (0.59-1.34) for 1.5 to < 3.0 hr/day, 1.19 (0.82-1.74) for 3.0 to < 4.5 hr/day, and 1.45

(0.91-2.32) for ! 4.5 hr/day (p for trend=0.053) and among postmenopausal women, the

corresponding risk estimates were 1.10 (0.42-2.88), 2.54 (1.11-5.80), and 2.37 (0.92-

6.10) (p for trend=0.009), respectively. 

Conclusion

Prolonged TV viewing time was associated with increased risk of breast cancer, especially

among postmenopausal women.
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Television viewing time, Breast neoplasms, Incidence, Cohort study, 

Postmenopausal, Body mass index, Japan
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Introduction

Television (TV) viewing time is a sedentary time along
with less activity and it is an important leisure behavior in
women daily routines [1,2]. The average hours spent in
watching TV has been reported to be about 5 hr/day in the
US adults and 3-4 hr/day in Japanese adults [3,4].

Breast cancer is the most common cancer among Japanese
women (19.0% of female cancers) [5], and have markedly 

increased in Asia in recent years [6]. Physical activity has
been shown inversely associated with risk of breast cancer
[5-10]; whereas sedentary behaviors were associated with the
increased risk [7,11]. The increased risk of breast cancer with
sedentary behaviors was evident for both occupational sit-
ting time [12,13] and leisure sedentary time including TV
watching time [11], with a higher risk with the occupational
sitting time than leisure sedentary time, as indicated in a
meta-analysis of 21 observational studies [14]. However, 
another meta-analysis of 43 observational studies confirmed



the associations of prolonged TV viewing times with risks of

lung, colon and endometrial cancers, but failed to conclude

any association with breast cancer [2]. In addition, findings

of the Black Women’s Health Study indicated that the asso-

ciation between TV viewing time and risk of breast cancer

was evident for total and postmenopausal women, but not

for premenopausal women [11], while an Indian case-control

study showed no increased risk for both premenopausal and

postmenopausal women [9].

Therefore, we thought to assess the association of TV view-

ing time for premenopausal and postmenopausal Japanese

women with risk of breast cancer in a large population-based

Japanese study, the Japan Collaborative Cohort (JACC) study.

As the mechanisms underlying the increased risk for breast

cancer with prolonged TV viewing were more evident after

menopause, we hypothesize that long TV viewing time may

be associated with increased risk of breast cancer incidence

in Japanese postmenopausal women.

Materials and Methods

1. Study population and ascertainment of breast cancer

Details of the study subjects have been described else-

where [15]. Briefly, the baseline data of the JACC Study were

collected from 1988 to 1990 and 64 190 women aged 40 to 79

years in 45 study areas throughout Japan participated in the

study. In 24 areas out of the 45 study areas, data on cancer

incidence such as the date of diagnosis and the primary site

of cancer were collected simultaneously through population-

based cancer registries or by reviewing the records of local

and major hospitals from the baseline to the end of 2009.

Some study areas discontinued the follow-up survey regard-

ing cancer before 2009 (1994 in one study area, 1997 in two

areas, 1999 in one area, 2000 in one area, 2002 in one area,

2003 in one area, 2006 in two areas, and 2008 in two areas).

We confined the analysis to women from these 24 areas

where cancer incidence information are available (n=36,255).

Excluding data of women with previous diagnosis of breast

cancer (n=11), and women with missing data on TV viewing

time (n=2,979) left a total of 33,276 (17,568 premenopausal

and 15,708 postmenopausal) women for the analysis. This

study was sponsored by the Ministry of Education, Sports

and Science. 

2. Exposure and other covariates assessment

Participants completed a self-administered questionnaire

including information on TV viewing time, age, family his-

tory of diseases, histories of hypertension, diabetes mellitus,

cardiovascular diseases and cancer, height, weight, educa-

tion background, smoking status, alcohol drinking habit,

physical activity, mental stress, dietary habits, reproductive

and menstrual history, menopause, and hormone use. Body

mass index (BMI) was calculated by dividing the weight in

kilograms by the square of height in meters. We obtained 

information about the average TV viewing time on weekdays

during the preceding year. The average TV viewing time per

day was classified into four categories: < 1.5, 1.5 to < 3.0, 3.0

to < 4.5, and ! 4.5 hr/day. Fractions hours were rounded off

(e.g., 1.5 to < 3 hours represented responses from 1.5 to 2.9

hours). 

3. Statistical analysis

Mean values (standard deviations) and proportions of

baseline risk characteristics were calculated, and the linear

trends in those variables according to TV viewing time were

tested by the linear regression analysis for continuous vari-

ables and the logistic regression analysis for proportional

variables. Person-years of follow-up were calculated from

the responding date to the baseline questionnaire until the

obtainment of one out of four possible endpoints as follows:

(1) incidence of breast cancer event, (2) relocation from the

study area, (3) the end of the study on December 31, 2009, or

(4) death. 

Cox proportional hazard regression age- and multivari-

able-adjusted models were used to estimate the hazard ratios

(HRs) with 95% confidence intervals (CIs) for breast cancer

incidence according to TV viewing time categories (1.5 to 

< 3.0, 3.0 to < 4.5, and ! 4.5 hr/day) in reference to < 1.5 hr/

day. The confounding factors included age (continuous), age

of menarche (< 14, 14-15, and >15 years), age of menopause

(< 45, 45-50, and > 50 years), type of menopause (nature or

operation), BMI (continuous), currently married (yes or no),

smoking status (never, ex-smoker, and current smoker), alco-

hol intake (never, ex-drinker, and current drinker of 0.1-22.9,

23.0-45.9, and ! 46.0 g ethanol/day), parity (0, 1, 2, and ! 3),

use of sex hormone (yes or no), family history of breast can-

cer (yes or no), daytime napping (yes or no), sleep duration

(" 6, 7, and ! 8 hr/day), stress (high, median, or low), educa-

tion (" 12, 13-15, 16-18, and ! 19 years), and history of dia-

betes (yes or no). In a final model, we adjusted further for

sport time per week (never, < 1, 1-2, 3-4, and ! 5 hr/wk) and

walking time per day (never, < 30, 30-60, and ! 60 min/day).

The stratification analyses were planned to test the effect

modification by potential effect modifiers such as meno-

pausal status, BMI, history of diabetes, and smoking status.

However, due to limited number of participants or breast

cancer cases in the diabetic or smoking women categories,

these stratification analyses were performed for menopausal

Cancer Res Treat. 2019;51(4):1509-1517
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Parameter
Television viewing time (hr) p for

< 1.5 1.5 to < 3.0 3 to < 4.5 ! 4.5 trend

Total women
No. at risk 8,756 9,615 12,908 4,976

Age, mean±SD (yr) 56.6±10.5 56.3±9.9 58.4±9.7 62.2±9.4 < 0.001

Menarche age, mean±SD (yr) 14.9±1.8 14.8±1.7 15.0±1.7 15.0±1.8 < 0.001

Body mass index, mean±SD (kg/m2) 22.6±3.0 22.8±3.0 23.0±3.1 23.3±3.4 < 0.001

Parity (number of children) (%)

0 5.2 3.6 4.5 7.0 < 0.001

1 6.4 6.5 8.0 9.5

2 34.6 38.9 37.7 33.4

! 3 53.9 51.0 49.9 50.1

Family history of breast cancer in mother or sisters (%) 1.3 1.5 1.4 1.3 0.152 

Education < 15 yr (%) 23.4 22.6 25.7 32.6 < 0.001

Currently married (%) 85.8 86.8 82.2 72.6 < 0.001

Sleep duration, mean±SD (hr/day) 7.0±1.1 7.0±1.0 7.1±1.1 7.1±1.2 < 0.001

Daytime napping (%) 27.1 27.7 30.6 36.9 < 0.001

Sport time ! 3 hr/wk (%) 8.8 9.6 9.9 10.5 0.121 

Walking time ! 60 min/day (%) 52.0 52.2 50.1 43.1 < 0.001

Smoking (%)

Never smoker 86.8 86.1 83.6 76.3 < 0.001

Former smoker 1.1 1.0 14.0 2.4

Current smoker 3.3 3.7 4.6 7.3

Alcohol intake, mean±SD (g ethanol/day) 9.5±12.8 9.4±12.7 9.2±12.1 11.0±13.8 < 0.001

High stress (%) 15.7 16.8 18.8 21.4 < 0.001

Hormone use (%) 5.1 4.8 4.8 5.3 0.096 

History of diabetes (%) 3.6 3.3 4.2 7.7 < 0.001

Premenopausal women
No. at risk 4,371 4,964 6,241 1,992

Age, mean±SD (yr) 52.3±10.7 52.7±10.2 55.2±10.4 59.8±10.8 < 0.001

Menarche age, mean±SD (yr) 14.6±1.7 14.6±1.7 14.8±1.7 15.1±1.8 < 0.001

Body mass index, mean±SD (kg/m2) 22.4±2.9 22.7±2.9 23.0±3.1 23.2±3.3 < 0.001

Parity (number of children) (%)

0 5.4 3.6 4.4 6.9 < 0.001

1 5.9 6.4 7.9 9.6

2 39.9 43.6 41.2 34.9

! 3 39.9 43.6 41.2 34.9

Family history of breast cancer in mother or sisters (%) 1.4 1.7 1.5 0.9 0.019 

Education < 15 yr (%) 16.8 16.5 20.0 29.0 < 0.001

Currently married (%) 89.2 89.7 85.8 77.6 < 0.001

Sleep duration (hr/day) 7.0±1.0 7.0±1.0 7.1±1.0 7.2±1.2 < 0.001

Daytime napping (%) 23.9 25.4 28.5 36.8 < 0.001

Sport time ! 3 hr/wk (%) 7.9 8.3 8.4 9.7 0.022 

Walking time ! 60 min/day (%) 52.1 50.2 48.3 42.8 < 0.001

Smoking (%)

Never smoker 89.2 87.8 86.1 79.8 < 0.001

Former smoker 1.0 0.9 1.3 2.0

Current smoker 3.7 4.6 5.3 8.9

Alcohol intake, mean±SD (g ethanol/day) 9.2±12.8 10.0±14.2 9.9±12.5 12.2±17.1 < 0.001

(Continued to the next page)

Table 1. Distributions of potential risk factors in premenopausal and postmenopausal women according to television view-

ing time
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status and BMI only. Values for p-interaction were calculated
for cross-product terms of menopausal status (dichotomous)
or BMI (continuous) with TV viewing time (hr/day). We
used SAS ver. 9.4 software (SAS Institute Inc., Cary, NC) for
the statistical analyses. All statistical tests were 2-tailed and
values of p < 0.05 were regarded as significant.

4. Ethical statement

Informed consent was obtained from participants asking
their will to participate to the JACC study in the baseline
questionnaire; but in some areas, it was obtained from the
representative of those areas. The ethics committees of
Nagoya University School of Medicine and Osaka University
approved the protocol of this study. 

Results

In 607,295 person years of follow-up for 33,276 women, 247
(170 premenopausal and 77 postmenopausal) cases of breast
cancer were newly diagnosed. The most frequent self-
reported daily TV viewing time was 2.0 hours among our
sample of women, with an average of 2.9 hours. Table 1
shows the baseline characteristics of women according to TV
viewing time. Among total women, those with longer TV
viewing time were more likely to be older and to have higher
BMI, lower educational level and longer daytime napping.
They were also more likely to be currently smokers and dia-
betics and to have high mental stress. Although premeno-
pausal and postmenopausal women showed similar trends

Cancer Res Treat. 2019;51(4):1509-1517

Parameter
Television viewing time (hr) p for

< 1.5 1.5 to < 3.0 3 to < 4.5 ! 4.5 trend

High stress (%) 14.1 15.5 17.0 19.0 < 0.001
Hormone use (%) 5.5 5.2 5.1 5.3 0.953 
History of diabetes (%) 2.6 2.3 3.2 5.7 < 0.001

Postmenopausal women
No. at risk 3,666 3,914 5,608 2,520
Age, mean±SD (yr) 61.0±7.8 60.3±7.3 61.3±7.5 63.5±7.4 < 0.001
Menarche age, mean±SD (yr) 15.4±1.8 15.1±1.8 15.1±1.7 15.0±1.8 < 0.001
Menopause age, mean±SD (yr) 48.5±4.8 48.6±4.6 48.7±4.7 48.7±4.8 0.662 
Natural menopause (%) 87.3 87.5 87.1 87.2 0.915 
Body mass index, mean±SD (kg/m2) 22.8±3.1 22.9±3.1 23.0±3.1 23.3±3.5 < 0.001
Parity (number of children) (%)

0 2.9 2.5 2.9 5.1 < 0.001
1 6.7 6.5 8.3 9.7
2 29.6 34.2 33.5 33.4
! 3 60.8 56.9 54.0 51.7

Family history of breast cancer in mother or sisters (%) 1.2 1.2 1.3 1.6 0.652 
Education < 15 yr (%) 26.4 27.7 29.2 32.5 < 0.001
Currently married (%) 82.1 83.5 78.7 69.5 < 0.001
Sleep duration, mean±SD (hr/day) 7.1±1.1 7.1±1.1 7.1±1.1 7.1±1.1 0.379 
Daytime napping (%) 30.3 30.7 32.4 35.7 < 0.001
Sport time ! 3 hr/wk (%) 10.8 11.0 11.3 10.8 0.372 
Walking time ! 60 min/day (%) 52.0 52.2 50.1 43.1 < 0.001
Smoking (%)

Never smoker 86.5 84.6 82.0 75.2 < 0.001
Former smoker 1.3 1.2 1.6 2.5
Current smoker 2.8 2.5 3.6 6.0

Alcohol intake, mean±SD (g ethanol/day) 9.7±13.1 8.2±10.0 8.2±11.1 10.1±11.2 0.005 
High stress (%) 19.2 19.1 21.8 23.8 < 0.001
Hormone use (%) 4.5 4.3 4.5 5.4 0.006 
History of diabetes (%) 4.6 4.4 5.4 9.3 < 0.001

SD, standard deviation.

Table 1. Continued
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Television viewing time (hr) p for
< 1.5 1.5 to < 3.0 3 to < 4.5 ! 4.5 trend

Person-years 147,018 166,514 216,718 77,045 

Breast cancer 46 58 100 43 

Age-adjusted HR (95% CI) 1.00 1.13 (0.77-1.67) 1.57 (1.11-2.23) 2.03 (1.33-3.09) < 0.001

Multivariable HR (95% CI)a) 1.00 0.93 (0.62-1.40) 1.25 (0.86-1.81) 1.55 (0.98-2.46) 0.028 

Multivariable HR (95% CI)b) 1.00 0.89 (0.59-1.34) 1.19 (0.82-1.74) 1.45 (0.91-2.32) 0.053 

HR, hazard ratio; CI, confidence interval. a)Adjusted for age, age of menarche, body mass index, parity, family history of

breast cancer, education level, married status, daytime napping, sleep duration, mental stress, alcohol intake, hormone use,

smoking status, and history of diabetes, b)Adjusted further for sport time (never, 1-2, 3-4, and ! 5 hr/wk) and walking time

(never, < 30, 30-60, and ! 60 min/day).

Table 2. Hazard ratios of breast cancer incidence according to television viewing time for total women

Television viewing time (hr) p for
< 1.5 1.5 to < 3.0 3 to < 4.5 ! 4.5 trend

Premenopausal wom
Person-years 91,678 104,460 132,916 42,948 

No. of breast cancers 34 44 63 29 

Age-adjusted HR (95% CI) 1.00 1.17 (0.75-1.83) 1.39 (0.91-2.11) 2.13 (1.28-3.53) 0.005 

Multivariable HR (95% CI)a) 1.00 0.88 (0.55-1.41) 0.95 (0.60-1.49) 1.41 (0.80-2.49) 0.388 

Multivariable HR (95% CI)b) 1.00 0.85 (0.58-1.43) 0.91 (0.58-1.43) 1.34 (0.76-2.36) 0.493 

Postmenopausal women
Person-years 55,340 62,053 83,802 34,097 

No. of breast cancers 12 14 37 14 

Age-adjusted HR (95% CI) 1.00 1.04 (0.48-2.25) 2.04 (1.06 3.91) 1.92 (0.88-4.16) 0.015 

Multivariable HR (95% CI)a) 1.00 1.09 (0.45-2.63) 2.49 (1.94 5.20) 2.38 (1.01-5.64) 0.005 

Multivariable HR (95% CI)b) 1.00 1.10 (0.42-2.88) 2.54 (1.11 5.80) 2.37 (0.92-6.10) 0.009 

pinteraction 0.287 

Body mass index < 23.0 kg/m2

Person-years 91,438 96,675 118,411 40,682 

No. of breast cancers 23 30 50 15 

Age-adjusted HR (95% CI) 1.00 1.26 (0.73-2.17) 1.86 (1.13-3.06) 1.85 (1.13-3.06) 0.009 

Multivariable HR (95% CI)a) 1.00 1.05 (0.59-1.87) 1.68 (1.00-2.83) 1.25 (0.58-2.70) 0.099 

Multivariable HR (95% CI)b) 1.00 1.06 (0.59-1.90) 1.68 (0.98-2.87) 1.24 (0.57-2.72) 0.105 

Body mass index ! 23.0 kg/m2

Person-years 55,580 69,838 98,307 36,363 

No. of breast cancers 23 28 50 28 

Age-adjusted HR (95% CI) 1.00 0.99 (0.57-1.72) 1.26 (0.77-2.07) 1.92 (1.10-3.36) 0.018 

Multivariable HR (95% CI)a) 1.00 0.47 (0.12-1.86) 1.92 (0.75-4.89) 1.98 (0.67-5.83) 0.048 

Multivariable HR (95% CI)b) 1.00 0.80 (0.44-1.47) 0.97 (0.56-1.70) 1.26 (0.65-2.44) 0.076 

pinteraction 0.348 

HR, hazard ratio; CI, confidence interval. a)Adjusted for age, age of menarche, body mass index, parity, family history of

breast cancer, education level, married status, daytime napping, sleep duration, mental stress, alcohol intake, hormone use,

smoking status and history of diabetes (for postmenopausal women adjusted further for age of menopause, type of

menopause), b)Adjusted further for sport time (never, 1-2, 3-4, and ! 5 hr/wk) and walking time (never, < 30, 30-60, and ! 60

min/day).

Table 3. Hazard ratios of breast cancer incidence according to television viewing time, stratified by menopausal status and

body mass index

VOLUME 51 NUMBER 4 OCTOBER 2019 1513
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as total women, postmenopausal women who watch TV for
longer duration were more likely to have earlier menarche.

With reference to women whose TV viewing time was 
< 1.5 hr/day, those with longer TV viewing time had a
higher risk of breast cancer. The associations were slightly
attenuated after controlling for indices of physical activity;
sport time per week and walking time per day (Table 2). In
total women, the multivariable HRs (95% CIs) of breast can-
cer in reference to TV viewing time < 1.5 hr/day were 0.89
(0.59-1.34) for 1.5 to < 3.0 hr/day, 1.19 (0.82-1.74) for 3.0 to 
< 4.5 hr/day, and 1.45 (0.91-2.32) for ! 4.5 hr/day, but the
trend was of a borderline statistical significance (p for trend
=0.053).

Table 3 shows the stratification analyses by menopausal
status and BMI. The positive associations between TV view-
ing time and risk of breast cancer were found only among
postmenopausal women: the multivariable HRs (95% CIs) of
breast cancer were 1.10 (0.42-2.88) for 1.5 to < 3.0 hr/day, 2.54
(1.11-5.80) for 3.0 to < 4.5 hr/day, and 2.37 (0.92-6.10) for 
! 4.5 hr/day TV viewing time (p for trend=0.009). We found
no significant trend for TV viewing time and breast cancer
incidence among premenopausal women (p for trend=0.493);
however, the interaction by menopausal status was also not
statistically significant (pinteraction=0.287). On the other hand,
baseline BMI levels did not significantly modify the associa-
tion between TV viewing time and breast cancer incidence
(p for trend=0.105 in women with BMI < 23 kg/m2, and p for
trend=0.076 in women with BMI ! 23 kg/m2) (pinteraction=
0.348).

Discussion

In the current study, we observed a positive trend for
higher risk of breast cancer incidence across increasing TV
viewing time categories with a borderline significance among
total women and reached a level of significance among post-
menopausal women after adjusting for physical activity and
other potential confounders.

In the past few decades, a large number of epidemiological
studies have been conducted to elaborate the impact of phys-
ical activity [7-10], sedentary time [11-13], and specifically
TV viewing time [11] on women’s risk of breast cancer. The
findings have suggested a protective effect of physical activ-
ity against risk of breast cancer [7-10], but non-conclusive
findings were reported regarding the impact of sedentary
time including TV viewing hours [2,14]. A meta-analysis of
21 studies with 34 reports showed that the odds ratio (ORs)
for breast cancer were 1.08 (95% CI, 0.98 to 1.19) for the
longest (! 9 hr/day) vs. shortest (" 1 hr/day) categories of

leisure sedentary behavior including TV viewing time, and
1.10 (95% CI, 1.02 to 1.18) for the longest (! 5 hr/day) vs.
shortest (" 1 hr/day) categories of occupational sedentary
behaviour [14]. Schmid and Leitzmann [2] reported in a
meta-analysis of 43 observational studies that the relative
risks of breast cancer were 1.07 (95% CI, 0.92 to 1.23) for the
longest (! 9 hr/day) vs. shortest (0 hr/day) TV viewing time
categories, and 1.20 (95% CI, 0.98 to 1.48) for the highest 
(! 12 hr/day) vs. lowest (0 hr/day) sitting time categories.
The report from the Southern Community Cohort Study
showed the OR for risk of breast cancer was 0.97 (95% CI,
0.70 to 1.35; p for trend=0.31) for ! 5 hr/day TV viewing time
compared with " 2 hr/day [7]. In that report, white women
in the longest (! 12 hr/day) vs. shortest (< 5.5 hr/day) quar-
tiles of sedentary behaviour had higher risk of breast cancer
(OR, 2.04; 95% CI, 1.07 to 3.86); however, this association was
attenuated slightly after adjusting for physical activity (OR,
1.94; 95% CI, 1.01 to 3.70) [7]. The adjustment for physical 
activity attenuated the association between longer TV view-
ing time and risk of breast cancer in total women of our study
to a borderline significant trend but the association remained
significant in postmenopausal women. Our findings were
consistent with the results from a cohort study of African
American women which indicated positive trends for breast
cancer risk across TV viewing time among total and post-
menopausal women, but not among premenopausal women.
In reference to watching TV for < 1 hr/day, the multivariable
HRs (95% CIs) were 0.89 (0.73-1.09) for 1-2 hr/day, 0.96 (0.79-
1.17) for 3-4 hr/day and 1.11 (0.89-1.38) for ! 5 hr/day in total
women (p for trend=0.04); the respective HRs were 0.83
(0.60-1.14), 0.95 (0.69-1.30), and 1.10 (0.79-1.53) in postmeno-
pausal women (p for trend= 0.05); and 0.80 (0.61-1.05), 0.84
(0.65-1.12), and 1.03 (0.76-1.41) (p for trend=0.42) in premeno-
pausal women [11].

Several studies have suggested biological pathways (obe-
sity and metabolic dysfunction) by which less active behav-
iors at occupational and leisure times can associate with
augmented risk of breast cancer [16,17]. For example, each
hourly increment in TV viewing time was associated with a
0.5 kg/m2 higher BMI and 1.18 cm greater waist circumfer-
ence from the Australian Diabetes, Obesity and Lifestyle
(AusDiab) study [17]. Higher levels of adiposity, particularly
central adiposity which is common in postmenopausal
women due to lack of estrogen [18,19] have been associated
with estrogen receptor–positive carcinogenic tumors [19]. In
JACC study, weight gain since age 20 was associated with
increased risk of breast cancer for postmenopausal women,
the multivariable HRs (95% CIs) of breast cancer in reference
to weight gain since age 20 for < 3.3 kg were 1.45 (0.78-2.70)
for 3.3-6.6 kg, 2.48 (1.40-4.41) for 6.7-9.9 kg, and 2.94 (1.84-
4.70) for ! 10.0 kg (p for trend < 0.001) [20]. Women in the
longest TV viewing time category had higher BMI levels, and
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in an additional analysis of our data, we found each 1-SD 
increment of BMI (3.11 kg/m2) was associated with 43% 
increased risk of breast cancer; yet, interactions with BMI or
weight gain since age 20 in the association between TV view-
ing time and risk of breast cancer were not statistically sig-
nificant.

The metabolic dysfunctions (higher levels of fasting glu-
cose, C-reactive protein, insulin, and HOMA-IR), that have
been evident with longer duration in front of TV [16,17],
serve as another biological pathway between TV viewing
time and risk of breast cancer. Phosphorylation of both 
insulin receptor-B and insulin growth factor 1 receptor by 
insulin binding leads to cellular and tumor growth via the
activation of the mitogen-activated protein kinase (MAPK-
ERK) pathway [21]. Also, insulin can interact with estrogen
to stimulate tumor growth via the estrogen receptor pathway
[22]. HOMA-IR, the biomarker of insulin resistance, has been
implicated in the development and progression of breast can-
cer [23]. A study from the Australian Diabetes, Obesity and
Lifestyle Study suggested that long TV viewing time can be
associated with breast cancer risk by greater HOMA-IR [17].
In our study, since a history of diabetes was more prevalent
among women in the longer TV viewing time categories,
women viewing TV for longer time may be more likely to
have pre-clinical metabolic dysfunctions that enhance the de-
velopment of breast cancer.

TV viewing has been also associated with higher consump-
tion of unhealthy foods such as fast foods, sugar-sweetened
beverages and sweets [24]. Consumption of energy-dense
foods and sugary drinks could enhance carcinogenesis not
only via promoting weight gain and adiposity [25], but also
via increasing circulating levels of insulin-like growth factor
1, sex hormone–binding globulin and estrogen [26]. A case-
control study of 1 456 postmenopausal European Americans
showed that breast cancer risk was higher with frequent con-
sumptions of energy-dense foods (OR, 2.95; 95% CI, 1.66 to
5.22, for the highest [> 11 times/wk] vs. lowest [! 3 times/
wk] quartiles of intake), fast foods (OR, 2.35; 95% CI, 1.38 to
4.00, for the highest [> 5 times/wk] vs. lowest [! 1 time/wk]
quartiles of intake), and sugary drinks (OR, 2.05; 95% CI, 1.13
to 3.70, for > 3 times/wk vs. none) [25]. On the other hand,
postmenopausal Japanese women in the highest quartile of
vegetable fat intake demonstrated two-fold increase in breast
cancer risk (95% CI, 1.05 to 4.13) compared with those in the
lowest quartile of intake [27]. Postmenopausal Japanese
women in the highest vs. lowest quintiles of westernised 
dietary pattern had a 29 % increased risk of breast cancer
(95% CI, 0.99 to 1.76; p for trend=0.04) [28]. Last, TV viewing
time is related to likelihood of smoking initiation [29] that
can increase the risk of breast cancer [30]. The proportion of
current smokers was higher with longer TV viewing time in
the current study.

The strengths of our study were recruiting women from
the general population, the large sample size to satisfy the
statistical power and the availability of the control for infor-
mation on other risk factors for breast cancer and potential
confounding factors. Moreover, this study was derived from
prospective cohort design, which is less subjective to recall
and selection bias compared to case-control studies.

There are several limitations in this study: First, because
we collected information about menopausal status at the
baseline survey, the possibility of misclassification of meno-
pausal status at the onset of breast cancer should be consid-
ered. Second, the self-reported nature of both TV viewing
time measure and important covariates such as reproductive
factors and physical activity, collected only at baseline and
not updated during the follow-up is susceptible to reporting
error and biases [24]. This may have reduced the true mag-
nitude of the association between the exposure and outcome
variables due to regression dilution bias. However, the mis-
classification would be non-differential regarding the expo-
sure and confounding variables because participants could
not foresee subsequent events at baseline. Third, TV viewing
time is not always a good indicator of total sedentary time,
using a questionnaire covering broad domains of sedentary
behaviors such as the IPAQ (the International Physical 
Activity Questionnaire), which is used widely in interna-
tional studies is suggested for future studies. Last, in our
stratified analysis by BMI, we used 23 kg/m2 (the World
Health Organization Western Pacific Regional Office criteria
for overweight) [31] as a cut-off point instead of the cut off
point for obesity in Asians, 25 kg/m2 because the median
BMI of our sample was 22.98 kg/m2 and to assure reasonable
number of cases in each category of TV viewing time. How-
ever, stratified analysis by 25 kg/m2 BMI showed the same
results. 

In summary, prolonged TV viewing time was associated
with increased risk of breast cancer incidence among Japan-
ese women, especially postmenopausal women. Health 
education to women about the need for shorter TV viewing
time is suggested, and further research is needed to confirm
the observed associations.  
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Loss of LKB1 Protein Expression Correlates with Increased Risk of 
Recurrence and Death in Patients with Resected, Stage II or III 
Colon Cancer 

Original Article

Purpose
The purpose of this study was to investigate the prognostic significance of liver kinase b1
(LKB1) loss in patients with operable colon cancer (CC). 

Materials and Methods
Two hundred sixty-two specimens from consecutive patients with stage III or high-risk stage
II CC, who underwent surgical resection with curative intent and received adjuvant
chemotherapy with fluoropyrimidine and oxaliplatin, were analyzed for LKB1 protein expres-
sion loss, by immunohistochemistry as well as for KRAS exon 2 and BRAFV600E mutations
by Sanger sequencing and TS, ERCC1, MYC, and NEDD9 mRNA expression by real-time
quantitative reverse transcription polymerase chain reaction.

Results
LKB1 expression loss was observed in 117 patients (44.7%) and correlated with right-sided
located primaries (p=0.032), and pericolic lymph nodes involvement (p=0.003), BRAFV600E

mutations (p=0.024), and TS mRNA expression (p=0.041). Patients with LKB1 expression
loss experienced significantly lower disease-free survival (DFS) (hazard ratio [HR], 1.287;
95% confidence interval [CI], 1.093 to 1.654; p=0.021) and overall survival (OS) (HR, 1.541;
95% CI, 1.197 to 1.932; p=0.002), compared to patients with LKB1 expressing tumors.
Multivariate analysis revealed LKB1 expression loss as independent prognostic factor for
both decreased DFS (HR, 1.217; 95% CI, 1.074 to 1.812; p=0.034) and decreased OS (HR,
1.467; 95% CI, 1.226 to 2.122; p=0.019).  

Conclusion
Loss of tumoral LKB1 protein expression, constitutes an adverse prognostic factor in pati-
ents with operable CC. 
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Maria Sfakianaki, BSc1

Chara Papadaki, PhD1

Maria Tzardi, MD, PhD2

Maria Trypaki, BSc1

Sardar Alam, MSc1

Eleni D. Lagoudaki, MD1

Ippokratis Messaritakis, PhD1

Odysseas Zoras, MD, PhD3

Dimitris Mavroudis, MD, PhD1,4

Vassilis Georgoulias, MD, PhD5

John Souglakos, MD, PhD1,4

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

Correspondence: John Souglakos, MD, PhD
Department of Medical Oncology, 
University General Hospital of Heraklion,
Voutes and Stavrakia, PO BOX 1352, Heraklion,
Crete 71110, Greece
Tel: 30-2810-392783
Fax: 30-2801-392857
E-mail: oncsec@med.uoc.gr

Received  January 2, 2019
Accepted  March 17, 2019
Published Online  March 20, 2019

1Laboratory of Translational Oncology, 
School of Medicine, University of Crete, 
Heraklion, Departments of 2Pathology, 
3Surgical Oncology, and 4Medical Oncology,
University General Hospital of Heraklion,
Iraklio, 5School of Medicine, University of
Crete, Heraklion, Greece

Introduction

Colorectal cancer (CRC) causes high morbidity and mor-
tality rates; however, both declined the last four decades in
Western countries [1]. Cancer prevention could be attributed
through screening at an early stage and more effective treat-
ment modalities. Moreover, it was shown that patients with
high-risk stage II and stage III colon cancer (CC) who recei-
ved the current standard treatment according to the National

Comprehensive Cancer Network guidelines had a benefit on
their survival rates [2]. 

For stage III disease, combination chemotherapy with a
backbone of fluoropyrimidine and oxaliplatin (FOLFOX,
CAPOX) is the current standard of care, since it leads to pro-
longation of both disease-free survival (DFS) and overall sur-
vival (OS) [3]. The results for the addition of oxaliplatin in
OS and DFS for patients with stage II CC with high-risk fea-
tures (such as T4 tumors, obstruction or perforation, and ves-
sel invasion) showed a marginal but significant [3]. Despite
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that, it has long been recognized patients’ individual risk of
recurrence varies widely even in patients with the same stage
in CC. Since today, microsatellite instability (MSI) status is
the only biomarker used in daily clinical practice [4]. 

Several studies have reported that germline inactivating
mutations in liver kinase b1 (LKB1) to be the primary cause
syndromes, such as the Peutz-Jeghers syndrome, which con-
fer an increased risk of cancer development [5,6]. The LKB1
also known as serine threonine kinase 11 (STK11), was ini-
tially discovered as a tumor suppressor gene and it has been
implicated on initiation and progression of neoplastic dis-
eases [5]. It controls a wide range of diverse cellular pro-
cesses through phosphorylation of the adenosine monopho-
sphate-activated protein kinase (AMPK) protein when cellu-
lar energy levels are depleted promoting ATP [6]. Further-
more, loss of LKB1 has been shown to influence cell polarity,
epi-thelial-to-mesenchymal transition, apoptosis, angiogen-
esis, and cell cycle inhibition [7]. Also, negatively regulates
the mammalian target of rapamycin signaling [5] and medi-
ates p53 activation [8]. LKB1 has been most intensively stud-
ied using lung cancer mouse models [9]. Finally, the results
of a first comprehensive meta-analysis suggested that de-
creased LKB1 expression significantly contributed to shorter
OS in solid tumor patients [10].  However, additional studies
rela-ted to specific tumor types and perspectives are required
to verify the clinical utility of decreased LKB1 levels in solid 
tumors.

Based on the above-mentioned data we conducted a retro-
spective biomarkers-based studies, in order to elucidate the
clinicopathological features and prognostic significance of
LKB1 loss of expression in high-risk stage II and stage III CC,
treated with oxaliplatin and fluoropyrimidine combination
adjuvant chemotherapy.  

Materials and Methods

1. Patients’ population

Two hundred and two formalin-fixed, paraffin-embedded
samples from consecutive patients with stage III or high-risk
stage II CC treated with FOLFOX or CAPOX has been stud-
ied. 

2. Specimens’ selection, DNA and RNA extraction

The most enriched in cancer cells areas were selected by a
pathologist (M.T.) and afterwards, serial sections of 5 µm
were stained by nuclear Fast Red (Sigma-Aldrich, St. Louis,
MO). Micro-dissection, using a piezoelectric micro-dissector

(Eppendorf, Hamburg, Germany) was performed in cases
with lower than 80% of neoplastic cells in the examined sec-
tion. Extraction of nucleic acids (DNA and RNA) was per-
formed, according to the manufacturer’s protocol as pre-
viously described [11]. 

3. KRAS and BRAF mutational analysis

KRAS exon 2 and BRAFV600E mutation mutations analysis
was carried out by Sanger sequencing after polymerase chain
reaction (PCR) amplification and by reverse transcription
PCR using allelic discrimination method, respectively, as
previously described as previously reported [11,12]. Analysis
was performed using the SDS 2.3 software [13].

4. MSI status 

The MSI analysis was carried out with the use of Promega
MSI Analysis System (Promega, Madison, WI) according to
the manufacturer’s instructions. Amplicons for MSI detection
was performed by capillary electrophoresis on an ABI 3130xl
Genetic Analyzer following PCR amplification and analyzed
using GeneMapper Software, ver. 3.7 (Applied Biosystems/
Life Technologies, Grand Island, NY) [14].

5. mRNA expression analysis

Synthesis of cDNA was done as described previously [15].
Primers and probes were designed using the Primer Express
2.0 Software (Applied Biosystems) according to the Ref Seq
NM_002467.4 for MYC-ERCC1-NEDD9-TS. The sets of pri-
mers probes are provided in S1 Table, while those for the
housekeeping genes, !-actin and PGK have been previously
published [13]. The quantification of mRNA expression was
carried out using the 2!(!CT sample!!CT calibrator) method, as previ-
ously described [13]. Only triplicates with a standard devia-
tion less than 0.25 were accepted.

6. Immunohistochemistry of LKB1 

We performed immunostain using Thermo Scientific 
UltraVision Quanto Detection System HRP and polyclonal
antibody for LKB1 (1:100 dilution, Thermo Scientific, Wal-
tham, MA). Adult seminiferous tubules of the testis were
used as a positive control as it shows the highest levels of
LKB1 expression [16]. Negative control was obtained by
omitting the primary antibody. Immunohistochemistry (IHC)
staining intensity was measured using a scaling system of 0
(no expression), 1, 2, and 3 (highest expression) blinded by a
pathologist. A weighted index (WI) was applied in both the
nucleus and the cytoplasm using the equation WI=% tumor
stain X intensity score as used in another study [16]. Cyto-
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plasmic, nuclear expression or both were considered a posi-
tive stain. The staining of LKB1 was interpreted without
knowledge of its genetic status.

7. Study design and statistical analysis

DFS was estimated as the interval between the date of
colectomy to the first documented disease progression, sec-
ond primary CC or death. OS was calculated from the date
of surgery to date of death. The Kaplan-Meier survival
curves were used for survival analysis and correlations with
the studied parameters, while Cox proportional hazards
model was applied to weigh the validity of considered fac-
tors on study defined events. The statistically significant fac-
tors were then incorporated in a multivariate Cox propor-
tional hazards regression model in order to estimate their 
unbiased significance on progression or survival. The only
p-value of < 0.05 was considered as significant. 

The median values of mRNA expression were used as cut-
off points, with samples above or equal to the median char-
acterized as high expressing, while those with value below
the median as low expression. The laboratory research was
completed blinded to the clinical parameters. Correlations
between the studied biomarker with baseline characteristics
were calculating by Fisher exact test for categorical variables
or logistic regression for continuous ones. 

8. Ethical statement

The study has been approved by the Ethics and Scientific
Committees of the University General Hospital of Heraklion
(number of approval: 2058) and written informed consent for
the use of their tissue for translational research was obtained
from all patients. All authors, declare no competing interest
regarding this study.

Results

1. Patients’ characteristics and clinicopathological features

The main demographic and clinical characteristics of the
study population are summarized in Table 1. Briefly, patients
with CC were predominately males (58%), with a median age
of 67 years and the majority of them with a good perform-
ance status of 0-1. In addition, 60% of the patients were dia-
gnosed with stage III colon cancer, 65% had primary tumor
located in the left colon and 61% low-grade tumors (Table 1).
Almost two-thirds of the patients (65%) received adjuvant
treatment with CAPOX and the rest one third with FOLFOX.

At the time of analysis and after a median follow-up of 120.7
months (min-max, 11.3 to 161.1 months); 71 (27%) disease 
relapses and 48 (18%) deaths have been recorded.

2. Laboratory analysis and correlations 

The results of the laboratory analysis are presented in
Table 2. Analysis for LKB1 protein expression was success-
fully performed in all 254 specimens (96.9%), whereas KRAS

Table 1. Stage II or III patients: clinical characteristics and
pathological features

Feature No. (%) (n=262)

Age, median (range, yr) 67 (33-75)
! 70 162 (62.0)
> 70 100 (38.0)

Sex

Male 152 (58.0)
Female 110 (42.0)

Performance status (ECOG)

0 196 (75.0)
1 66 (25.0)

Stage

IIa 90 (34.0)
IIb 14 (6.0)
IIIa 19 (7.0)
IIIb 81 (31.0)
IIIc 58 (22.0)

Tumor grade

Low 160 (61.0)
High 102 (39.0)

Primary tumor (T)

T2 27 (10.3)
T3 216 (82.4)
T4 19 (7.3)

Mucinous

Yes 59 (23.0)
No 203 (77.0)

Obstruction 27 (10.0)
Perforation 40 (15.0)
Location

Right sided 91 (35.0)
Left sided 171 (65.0)

Regimen

CAPOX 171 (65.0)
FOLFOX 91 (35.0)

No. of retrieved lymph nodes, 15 (6-108)
median (min-max)

No. of positive lymph nodes, 1 (0-18)
median (min-max)
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exon 2 and BRAF exon 15 mutation analysis was performed
in 251 (95.8%) and 246 (93.9%) specimens, respectively (Table 2,
S2-S5 Figs.). Mismatch repair (MMR) system status was suc-
cessfully analyzed in 235 (89.7%) specimens, while mRNA
expression of ERCC1, MYC, NEDD9, and TSwas successfully
done in 247 (94.3%), 250 (95.4%), 249 (95%), and 226 (86.2%)
specimens, respectively (S6 Fig.).  

Loss of LKB1 protein expression was observed in 117
(44.7%) tumors and correlated significantly with pericolic
lymph node involvement (p=0.003) and primary tumors 
located in the right colon (p=0.032), whereas no significant
correlation of LKB1 protein expression with age, sex, and
grade were found (Table 3). In addition, LKB1 protein 
expression loss was significantly correlated with BRAFV600E

mutation (p=0.024), and TS mRNA (p=0.041). In contrast,
LKB1 protein expression loss was not significantly associated
with KRAS exon 2 mutations, MMR status or ERCC1, MYC,
NEDD9mRNA expression (all p > 0.05).

3. Laboratory analysis and patients’ outcome 

The correlations of analyzed markers and clinic-patholog-
ical features with DFS and OS are presented in Tables 4 and
5, respectively. Patients with tumors with LKB1 expression
loss showed significantly lower DFS compared with those
with LKB1 positive tumors (hazard ratio [HR], 1.287; 95%
confidence interval [CI], 1.093 to 1.654; p=0.021) (Table 4, 
Fig. 1). In addition, patients with BRAFV600E mutations in their
primary tumors presented higher probability for relapse
compared to patients with BRAFV600E wild type tumors (HR,
1.976; 95% CI, 1.793 to 2.495; p=0.001) (Table 4). Likewise, 
patients with KRAS exon 2 mutations in their primary 
tumors presented higher probability for relapse compared to
patients with KRAS exon 2 wild type tumors, but the differ-
ence was marginally significant (HR, 1.757; 95% CI, 1.000 to
3.090; p=0.05). Furthermore, patients with proficient MMR
(pMMR) tumor had a significantly higher risk of relapse in
comparison with those with deficient MMR (dMMR) tumors
(HR, 1.726; 95% CI, 1.289 to 3.514; p=0.025).  Finally, stage III
disease at diagnosis is correlated with increased risk of pro-
gression compared with stage II (HR, 1.803; 95% CI, 1.605 to
2.055; p=0.023). All other comparisons between the mRNA
expression of the ERCC1, MYC, NEDD9, and TS or several
clinicopathological features, such as age, sex, tumor location
and grade, did not reveal any significant correlations with
DFS (all long-rank p > 0.05). 

Regarding OS, patients with tumors with LKB1 expression
loss showed significantly lower OS compared with those
with LKB1 positive tumors (HR, 1.541; 95% CI, 1.197 to 1.932;
p=0.002) (Table 4, Fig. 2). Similarly, patients with BRAFV600E

mutations in their primary tumors presented higher proba-
bility for death compared to patients with BRAFV600E muta-
tions wild type tumors (HR, 1.624; 95% CI, 1.143 to 2.309;
p=0.007) (Table 4). In addition, patients with pMMR tumor
had a significantly higher risk of death in comparison with
those with dMMR tumors (HR, 1.375; 95% CI, 1.043 to 2.711;
p=0.036). Also, stage III disease at diagnosis is correlated
with increased risk of progression compared with stage II
(HR, 1.636; 95% CI, 1.487 to 2.011; p=0.03). All other compar-
ison did not reveal any significant correlations between the
mRNA expression of the ERCC1, MYC, NEDD9, and TS or
the detection of KRAS exon 2 mutation as well as clinic-
pathological features, such as age, sex, tumor location and
grade, with DFS (all long-rank p > 0.05). 

Multivariate analysis for DFS, revealed that LKB1 expres-
sion loss (HR, 1.217; 95% CI, 1.074 to 1.812; p=0.034) (Table 5),

Table 2. Laboratory analysis

MMR, mismatch repair.

Feature No. (%) (n=262)
LKB1 protein expression 

Negative 117 (44.7)
Positive 137 (52.3)
Failed 8 (3.1)

ERCC1 mRNA expression
Low 124 (47.3)
High 123 (46.9)
Failed 15 (5.7)

MYC mRNA expression
Low 125 (47.7)
High 125 (47.7)
Failed 12 (4.6)

NEDD9mRNA expression
Low 125 (47.7)
High 124 (47.3)
Failed 13 (5.0)

TS mRNA expression
Low 113 (43.1)
High 113 (43.1)
Failed 36 (13.8)

BRAFV600E status
WT 233 (88.9)
Mutant 13 (5.0)
Failed 16 (6.1)

KRAS exon 2 mutation
WT 169 (64.5)
Mutant 82 (31.3)
Failed 11 (4.2)

MMR status
Proficient 200 (76.3)
Deficient 35 (13.4)
Failed 27 (10.3)
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BRAFV600E mutations (HR, 1.696; 95% CI, 1.365 to 2.294;

p=0.011), pMMR status (HR, 1.775; 95% CI, 1.343 to 3.011;

p=0.007) and stage III disease (HR, 1.784; 95% CI, 1.335 to

2.762; p=0.006) as independent factors for increased risk of

relapse. Similarly, LKB1 expression loss (HR, 1.467; 95% CI,

1.226 to 2.122; p=0.019), BRAFV600E mutations (HR, 1.961; 95%

CI, 1.656 to 2.949; p=0.001), pMMR status (HR, 1.575; 95% CI,

1.243 to 3.001; p=0.018), and stage III disease (HR, 1.843; 95%

CI, 1.356 to 2.623; p=0.009) was statistically associated with

risk of death.

Table 3.  Correlation of LKB1 expression with patients’ characteristics and tumor’s features and DNA markers

Values are presented as number (%). MMR, mismatch repair. a)Mann-Whitney test, b)Pearson chi-square, c)Fisher exact test. 

LKB1 protein expression (n=254) Negative (n=117) Positive (n=137) p-value
Age, median (min-max, yr) 65 (33-75) 67 (37-75) 0.147a)

Age group (yr)
! 70 72 (61.5) 86 (62.8) 0.897b)

> 70 45 (38.5) 51 (37.2)

Sex
Male 72 (61.5) 74 (54.0) 0.253c)

Female 45 (38.5) 63 (46.0)

Lymph node status
N0 33 (28.2) 68 (49.6) 0.003b)

N1-2 84 (71.8) 69 (50.4)

Tumor location
Right 49 (41.9) 41 (29.9) 0.032b)

Left 68 (58.1) 96 (70.1)

Primary tumor (T)
T2-T3 74 (36.8) 114 (56.7) 0.008b)

T4 10 (5.0) 3 (1.5)

Grade
Low grade 70 (59.8) 90 (65.7) 0.880b)

High grade 47 (38.5) 47 (34.3)

BRAFV600E status (n=236) ND 7 ND 11

Wild type (n=223) 100 (90.9) 123 (97.6) 0.024

Mutant (n=13) 10 (9.1) 3 (2.4)

KRAS exon 2 (n=246) ND 6 ND 5

Wild type (n=224) 70 (62.7) 91 (70.1) 0.328

Mutant (n=22) 41 (37.3) 41 (29.9)

MMR status (n=235) ND 9 ND 16

Proficient 96 (88.9) 99 (81.8) 0.102

Deficient 12 (11.1) 22 (18.2)

ERCC1mRNA expression (n=246) ND 4 ND 4

High 59 (52.2) 69 (51.9) 0.609

Low 54 (47.8) 64 (48.1)

MYC mRNA expression (n=249) ND 2 ND 3

High 55 (47.8) 69 (51.5) 0.612

Low 60 (52.2) 65 (48.5)

NEDD9 mRNA expression (n=247) ND 3 ND 4

High 58 (50.9) 64 (48.1) 0.703

Low 56 (49.1) 69 (51.9)

TS mRNA expression (n=226) ND 15 ND 13

High 58 (56.9) 49 (39.5) 0.041

Low 44 (43.1) 75 (60.5)
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Disease-free survival Overall survival
Hazard ratio 95% CI p-value Hazard ratio 95% CI p-value

LKB1 protein expression (negative vs. positive) 1.287 1.093-1.654 0.021 1.541 1.197-1.932 0.002
KRAS exon2 mutations (mutant vs. wild type) 1.757 1.000-3.090 0.050 1.190 0.607-2.335 0.113
BRAFV600E mutation (mutant vs. wild type) 1.976 1.793-2.495 0.001 1.624 1.143-2.309 0.007
MMR status (proficient vs. deficient) 1.726 1.289-3.514 0.025 1.375 1.043-2.711 0.036
ERCC1mRNA expression (high vs. low) 1.164 0.610-1.570 0.930 1.003 0.558-1.802 0.993
MYCmRNA expression (high vs. low) 1.179 0.735-1.892 0.494 1.170 0.856-1.598 0.324
NEDD9mRNA expression (high vs. low) 1.070 0.634-1.219 0.343 1.068 0.601-1.895 0.823
TS mRNA expression (high vs. low) 1.701 0.804-2.598 0.165 1.113 0.472-2.625 0.807
Stage III vs. II 1.803 1.605-2.055 0.023 1.636 1.487-2.011 0.030
Tumor location 1.131 0.683-1.873 0.632 1.016 0.557-1.851 0.906
Age (> 70 yr vs. ! 70 yr) 1.035 0.641-1.673 0.887 1.207 0.938-1.843 0.106
Sex (men vs. women) 1.176 0.915-1.804 0.112 1.011 0.981-1041 0.471
Grade (high vs. low) 1.061 0.872-1.201 0.722 1.108 0.536-2.209 0.781

CI, confidence interval; MMR, mismatch repair.

Table 4. Univariate analysis for median disease-free and overall survival

Disease-free survival Overall survival
Hazard ratio 95% CI p-value Hazard ratio 95% CI p-value

LKB1 protein expression (negative vs. positive) 1.217 1.074-1.812 0.034 1.467 1.226-2.122 0.019
KRAS exon2 mutations (mutant vs. wild type) 1.054 0.816-1.806 0.317 - - -
BRAFV600E mutation (mutant vs. wild type) 1.696 1.365-2.294 0.011 1.961 1.656-2.949 0.001
MMR status (proficient vs. deficient) 1.775 1.343-3.011 0.007 1.575 1.243-3.001 0.018
Stage III vs. II 1.784 1.335-2.762 0.006 1.843 1.356-2.623 0.009

CI, confidence interval; MMR, mismatch repair.

Table 5. Multivariate analysis for median disease-free and overall survival 

Fig. 1.  Disease-free survival according to LKB1 protein 
expression loss by immunohistochemistry. DFS, disease-
free survival; HR, hazard ratio; CI, confidence interval.

Ev
en

t-f
re

e 
pr

ob
ab

ilit
y

1.0

0

0.2

0.4

0.6

0
Time (mo)

Disease-free survival according to
LKB1 protein expression

3612 24 6048

0.8

Positive-censored
Negative-censored

LKB1 expression

HR 1.287 (95% CI, 1.093-1.654), p=0.021

5-Year DFS 60.2%

5-Year DFS 76.8%

Fig. 2.  Overall survival according to LKB1 protein expres-
sion loss by immunohistochemistry. HR, hazard ratio; CI,
confidence interval.
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Discussion

The data presented in the current study, demonstrated for
the first time in literature, the impact of testing LKB1 protein
expression in stage II/III CC patients that underwent resec-
tion and subsequently received CAPOX or FOLFOX adju-
vant chemotherapy. Additionally, this retrospective study
aims to identify correlations of LKB1 expression loss with
known clinic-pathological features and common mutations
(KRAS exon 2 and BRAFV600E) mutation in operable CC. More-
over, we analyzed the predictive significance of these bio-
markers in conjunction with ERCC1, MYC, NEDD9, and TS
mRNA expression. Based on the literature, this is the first
study that correlates a combination of all these parameters,
hence; the results of our analysis could potentially serve as
an advantageous guide for every day clinical practice.

AMPK is greatly regulated by LKB1 activity and is vital
for cell metabolism through the maintenance of energy
homeostasis. LKB1 growth-suppressing effect is operated
through activation of twelve AMPK-related kinases. This
AMPK-related kinases activation by LKB1 is crucial for the
regulation of (1) cell metabolism, (2) polarity, and (3) aber-
rant proliferation inhibition in malignant cells [17], indicating
the role of LKB1 as a tumor suppressor gene [18]. Therefore,
LKB1 loss promotes cancer evolution and is considered a
negative factor in cancer patients [19]. The results of the pres-
ent investigation indicate, that stage II-III CC patients with
loss of LKB1 protein expression exhibited significantly lower
DFS (p=0.021) and lower OS (p=0.002) compared to those
with LKB1 positive tumors. Thus, the principal finding
emerged from the current multivariate analysis, is the prog-
nostic value of LKB1 in adjuvant CRC patients.

It is previously well described, that LKB1 loss confers poor
clinical outcome in human gastric cancer, breast cancer and
hepatocellular carcinoma [18,20,21]. Furthermore, in 14 eli-
gible studies that met the inclusion criteria, a first compre-
hensive meta-analysis demonstrated that the decreased
LKB1 expression was significantly associated with a poorer
OS in solid tumor patients, based on a random effect model
[10]. Previous research has demonstrated that LKB1 loss at
the transcriptional level, promotes tumor malignancy, not
only in lung adenocarcinoma but also in CRC [22]. Another
study has revealed that reduced LKB1 expression in patients
with gastric cancer is correlated with higher clinical stage, 
T-stage, lymph-node metastasis and vascular invasion [21].
Similarly, in the present study, a significant correlation of
LKB1 loss with certain pathological and clinical parameters
of CRC was observed, such as pericolic lymph node involve-
ment (p=0.003) and primary tumors located in the right colon
(p=0.032). In contrast, no significant correlation of LKB1 pro-
tein expression associated with age, gender and grade was

revealed. 
The present study failed to demonstrate any statistically

significant correlation between LKB1 protein expression and
KRAS exon 2 mutation, as has been previously reported in
lung adenocarcinomas [23]. On the other hand, our analysis
demonstrated significant correlations of LKB1 loss with
BRAFV600E mutation and high TS mRNA expression.

In support to previous data that have correlated factors
such as KRAS and BRAFV600E mutations, pMMR positive 
tumors and stage III disease status, with a higher probability
of relapse, our results clearly demonstrate that BRAFV600E

mutations, pMMR tumors and patients with stage III disease
at diagnosis are associated with lower DFS and OS. Although
the expression of ERCC1 and TS genes has been shown to be
involved in the metabolism of the two main drug categories
used in the adjuvant CRC setting, such as oxaliplatin and 
5-fluorouracil, respectively [24,25], the current study did not
reveal any significant correlation between the ERCC1 and TS
mRNA expression and the patients’ outcome. Despite the
previously identified prognostic value of NEDD9 and MYC
in CC patients [26,27], the current analysis failed to reveal
any significant correlation between the NEDD9 and MYC
mRNA expression with either DFS or OS in patients with CC
receiving adjuvant chemotherapy. 

The prognostic or predictive value of LKB1 expression loss
in patients with CC is currently unknown. As reported in a
previous study, this could be due to the wide range of LKB1
genomic alterations observed in sporadic cancers, emerging
the challenge of developing a single assay capable of the 
detection of all these alterations combined [28]. Moreover,
Sanchez-Cespedes [29] reported that many different types of
LKB1 somatic mutations in sporadic cancers have been iden-
tified including insertions, deletions, nonsense, and frame-
shift and missense mutations. However, most of the LKB1
genomic alterations can result in either a truncated and there-
fore inactive form of the protein [28,29] or the complete 
absence of the protein. To overcome such a limitation, we
considered the in-situ IHC assay as a potentially trustworthy,
simple, and cost-effective method for evaluating the expres-
sion status of LKB1. 

Besides, the robust results for LKB1 expression loss and
the large patients’ number of the current study, the finding
should be interpreted with caution and mainly as hypothesis
generated results. One of the main limitations is the lack of
validation sets of patients treated or not treated with adju-
vant chemotherapy, in order to elucidate the potential prog-
nostic or predictive role of LKB1 expression loss in CC.
Consequently, the design of an independent prospective val-
idation trial is one of the future perspectives of our labora-
tory, where the prognostic power of LKB1 expression loss
would be tested and validated prospectively. In summary,
the results of the presented study indicate that loss of LKB1
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protein expression is clearly associated with poor outcomes
of patients with stage III or high-risk stage II CC and merits
further evaluation in larger prospective patients’ cohorts.
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Purpose

BioPATH is a non-interventional study evaluating the relationship of molecular biomarkers

(PTEN deletion/downregulation, PIK3CA mutation, truncated HER2 receptor [p95HER2],

and tumor HER2 mRNA levels) to treatment responses in Asian patients with HER2+ 

advanced breast cancer treated with lapatinib and other HER2-targeted agents. 

Materials and Methods

Female Asian HER2+ breast cancer patients (n=154) who were candidates for lapatinib-

based treatment following metastasis and having an available primary tumor biopsy spec-

imen were included. The primary endpoint was progression-free survival (PFS). Secondary

endpoints were response rate, overall survival on lapatinib, correlation between biomarker

status and PFS for any previous trastuzumab-based treatment, and conversion/conserva-

tion rates of the biomarker status between tissue samples collected at primary diagnosis

and at recurrence/metastasis. Potential relationships between tumor mRNA levels of HER2

and response to lapatinib-based therapy were also explored.

Results

p95HER2, PTEN deletion/downregulation, and PIK3CA mutation did not demonstrate any

significant co-occurrence pattern and were not predictive of clinical outcomes on either 

lapatinib-based treatment or any previous trastuzumab-based therapy in the metastatic

setting. Proportions of tumors positive for p95HER2 expression, PIK3CA mutation, and PTEN

deletion/down-regulation at primary diagnosis were 32%, 31.2%, and 56.2%, respectively.

Despite limited availability of paired samples, biomarker status patterns were conserved in

most samples. HER2 mRNA levels were not predictive of PFS on lapatinib.  

Conclusion

The prevalence of p95HER2 expression, PIK3CA mutation, and PTEN deletion/downregu-

lation at primary diagnosis were similar to previous reports. Importantly, no difference was

observed in clinical outcome based on the status of these biomarkers, consistent with 

reports from other studies. 
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Introduction

In recent years, breast cancer has become an emerging
health issue for Asian women [1-4]. Effective population-
based treatment planning and monitoring may reduce the
rising concern and burden of breast cancer in Asia. Overex-
pression of human epidermal growth factor receptor 2
(HER2) has been observed in 15% to 20% of invasive breast
cancers and is recognized to be a driving force of tumor bio-
logy [5]. Therapeutic strategies to block the HER2 signaling
pathway include monoclonal antibodies and small-molecule
tyrosine kinase inhibitors (TKI). In context of recent devel-
opments in our understanding of drug resistance mecha-
nisms of breast cancer, there is a continuous effort to develop
new effective therapies.

Trastuzumab is a standard treatment for HER2-positive
(HER2+) breast cancer in both adjuvant and advanced set-
tings. Clinical studies have demonstrated significantly pro-
longed time to disease progression, a higher rate of objective
response, a longer duration of response, and increased sur-
vival when trastuzumab is added to chemotherapy in pati-
ents with previously untreated metastatic breast cancer
(MBC) [6]. Furthermore, the addition of trastuzumab to che-
motherapy significantly improved clinical outcome in pati-
ents in multiple clinical trials in the early and locally advan-
ced settings [7-10]. Since the development of trastuzumab,
advancements in HER2–targeting therapies have led to 
approval of three additional agents in the metastatic set-
ting—pertuzumab, trastuzumab emtansine (T-DM1), and 
lapatinib. Key recommendations for first-line treatment of
HER2+ advanced breast cancer (ABC) or MBC include com-
bination of HER2 inhibitors trastuzumab and pertuzumab
with a taxane (preferred) regardless of prior adjuvant tras-
tuzumab, alone or with chemotherapy. T-DM1 (preferred 
approach) or other anti-HER2 treatments in combination
with chemotherapy are recommended treatment options in
the second line and beyond [11-13].

Lapatinib, a TKI targeting epidermal growth factor recep-
tor and HER2, significantly prolonged time to progression in
combination with capecitabine versus capecitabine alone in
patients whose metastatic tumors were progressing on tras-
tuzumab-based chemotherapy [14]. Lapatinib has also demon-
strated significant clinical benefit in Asian patients with
HER2+ ABC. A study primarily conducted in Asian patients
(86%) demonstrated that lapatinib plus paclitaxel offers a sig-
nificantly improved overall survival (OS), progression-free
survival (PFS), and overall response rate (RR) over paclitaxel
alone in patients with HER2+ MBC [15]. Lapatinib plus
capecitabine was well tolerated in Japanese patients with
HER2+ ABC or MBC who had progressed on trastuzumab
[16]. Results from two independent studies confirmed that

the combination of lapatinib and capecitabine is an effective
and well-tolerated treatment option in a population of Chi-
nese women with HER2+ ABC or MBC who have had dis-
ease progression following other treatments [17,18]. Curren-
tly, lapatinib-based therapy is approved in several countries
for the treatment of HER2+ ABC that progressed on treat-
ment regimens containing an anthracycline, a taxane, and
trastuzumab.

De novo and acquired resistance to HER2–directed approa-
ches remains a clinical challenge. Despite advances in the
management of metastatic HER2+ breast cancer, the RR in
the first-line anti-HER2 therapy setting ranges from 50% to
80%, and from only 20% to 40% in the second-line setting
[6,14,19-22]. Many single-gene molecular markers have been
evaluated as predictors of response to specific regimens;
however, reliable molecular predictors for efficacy of anti-
HER2 therapies are lacking. A number of reports suggest the
presence of amino-terminally-truncated HER2 (p95HER2)
[23,24], PI3KCA somatic mutations [25], deletion/down-reg-
ulation of the phosphatase and tensin homolog (PTEN) gene
[26], and tumor HER2 mRNA levels [27,28] as potential
markers of response or resistance to anti-HER2 therapy. 
Altered expression of p95HER2, PI3KCA, and PTEN is asso-
ciated with impaired efficacy of trastuzumab and/or pertu-
zumab therapy in MBC [23,29-31], although T-DM1 has been
reported to be effective in both wild-type and PIK3CA-
mutated tumors [32]. In Japanese patients with breast cancer
receiving lapatinib monotherapy after trastuzumab-based
therapies, biomarker analyses suggest clinical benefit in pati-
ents with tumors harboring PIK3CA mutation or low expres-
sion of PTEN [33,34]. Further research into these biomarkers
may provide valuable insights into their reliability to predict
the success or failure of specific anti-HER2 treatment strate-
gies. Moreover, the availability of predictive biomarkers may
help to guide a more cost-effective and rational use of anti-
cancer drugs.

Tumors harboring p95HER2 are potential targets for lapa-
tinib therapy because of lapatinib’s ability to bind to the
adenosine triphosphate binding site in the intracellular 
kinase domain of HER2; in contrast, trastuzumab binds an
extracellular epitope on HER2, which is absent from trun-
cated p95HER2. In a previous report [25], tumor progression
was more likely among trastuzumab-treated subjects with
PIK3CA mutations than those without. Interestingly, some
biomarker studies suggested that lapatinib may have benefit
in tumors that have achieved some level of escape from
HER2 dependence through PIK3CA mutation [33,34]. Clini-
cal efficacy of trastuzumab but not lapatinib was impaired
in tumors with PTEN downregulation/deletion [35]. Thus
all three biomarkers have the potential to be predictive of 
lapatinib’s clinical utility in ABC. Limited availability of bio-
marker studies for lapatinib constrains our ability to predict
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the success or failure of lapatinib-based regimens for treat-
ment of patients with HER2+ ABC. 

This non-interventional study investigated the frequency
of biomarkers, including p95HER2 expression, PTEN dele-
tion/down-regulation, and PIK3CAmutation, in addition to
HER2 mRNA levels in lapatinib-treated and/or trastuzu-
mab-treated patients with breast cancer, and their use as pre-
dictive markers in the HER2 treatment paradigm.

Materials and Methods

1. Study design

BioPATH is an international multicenter, observational
study designed to investigate the frequency of biomarkers,
including p95HER2 expression, PTEN deletion/down-regu-
lation, and PIK3CAmutation, in female patients with HER2+
ABC treated with lapatinib-based therapy. Patients were 
included who received other HER2-targeted agents before
study entry. Biomarker status was quantified in the analysis
population, and possible relationships between biomarkers
and outcomes, adjusting for other clinical and pathological
factors, were measured. Patients were enrolled in 17 centers
in five countries (Hong Kong, Korea, Malaysia, the Philip-
pines, and Singapore). Data from the single center in Malay-
sia could not be verified, following the death of the principal
investigator, and was not included (n=2). The local ethics 
review boards approved the protocol, and all patients gave
written informed consent before study enrollment. Patients
continued with their regular treatment during the study and
no treatment interventions were made.

2. Study endpoints

The primary endpoint was PFS, defined as time (in weeks)
from initiation of the first lapatinib-based regimen given in
the metastatic setting to disease progression from that regi-
men or death from any cause. The correlation of p95HER2
expression, PTEN deletion/down-regulation, and PIK3CA
mutation, individually and in combination, with PFS follow-
ing lapatinib-based treatment. Secondary endpoints were RR
and OS among females initiated on the lapatinib-based reg-
imen, biomarker levels and their association with PFS on pre-
vious trastuzumab-based treatment in the metastatic setting
(defined as time from initiation of the first trastuzumab-
based regimen given in the metastatic setting to disease pro-
gression from that regimen or death from any cause), and
biomarker conservation/conversion rates. The RR was defin-
ed as percentage of patients showing complete response (CR)

or partial response (PR) to lapatinib-based treatment, based
on physician’s clinical judgment. The OS was defined as time
(in weeks) from initiation of the first lapatinib-based regimen
until death due to any cause. For patients who were alive at
the end of study or lost to follow-up, time to death was cen-
sored at the time of last contact. Biomarker conversion/con-
servation rates between primary diagnosis and at recurrence/
metastasis stratified according to the treatment received 
before the re-biopsy were explored for paired samples. 
Exploratory analyses were performed to investigate potential
relationships between HER2 tumor mRNA levels and res-
ponse to lapatinib-based therapy. All enrolled patients were
followed until death, loss to follow-up, or until data cutoff
date, whichever came first. During the study, patients were
managed as per physician’s standard medical care.

3. Patients

Female patients with confirmed HER2+ metastatic/recur-
rent breast cancer who were exposed to ! 2 lines of trastuzu-
mab-based regimens in the metastatic setting prior to start of
lapatinib-based regimen were eligible for this study. Patients
who received systemic treatment for either early-stage or/
and recurrent/metastatic disease were eligible for enroll-
ment. Patients needed to have a historical tumor biopsy spec-
imen available from their primary breast cancer diagnosis,
or at least an available specimen from the period before start-
ing any anti-HER2 therapy. Prior exposure to other anti-
HER2 therapies (e.g., pertuzumab, T-DM1, neratinib, ertu-
maxomab, AV-412, BIBW2992, CUDC-101, and anti-HER2
vaccines) except trastuzumab was not allowed. Patients with
primary lesions that were not of breast origin were also 
excluded.

4. Assessment

We performed biomarker analysis on p95HER2, PI3KCA,
and PTEN to explore associations of these markers with clin-
ical outcomes on either lapatinib-based or trastuzumab-
based therapy in the metastatic setting. p95HER2, PTEN, and
PIK3CA biomarker assays were performed at a central labo-
ratory (Samsung Medical Center, Sungkyunkwan University
School of Medicine, Seoul, Korea) on sections from formalin-
fixed, paraffin-embedded (FFPE) tumor blocks. p95HER2 
expression was initially evaluated by immunohistochemistry
(IHC) assay (by bioMérieux, but was later changed to the 
VeraTag quantitative assay technology) for determining p95-
HER2 expression (Monogram Biosciences, South San Fran-
cisco, CA) [36]. An IHC 3+ result was considered as HER2+.
PTEN was assayed by IHC using a PTEN antibody (clone
Y184, Abcam, Cambridge, UK) on a Dako Autostainer sys-
tem (Dako, Glostrup, Denmark). The Sequenom MassAR-
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RAY platform (Sequenom, San Diego, CA, USA) was used
to detect the presence of PIK3CA somatic mutations; samples
were classified as positive or negative for PIK3CA mutations
based on their presence or absence. For determining mRNA
levels of HER2, total RNA extracted from FFPE tumor sam-
ples was assayed on the nCounter platform (NanoString
Technologies, Seattle, WA) using the nCounter Virtual Breast
Cancer Estrogen Receptor Gene probe set comprising 196
breast cancer and estrogen receptor signaling pathway test
genes and six internal reference genes.

5. Statistical analysis

Preplanned statistical analyses were performed on the
analysis population, defined as patients who met all eligibil-
ity criteria and had available data for at least one of the 3 bio-
markers, using PASW Statistics ver. 18 (SPSS Inc., Chicago,
IL). A sample size of 500 patients was originally planned. For
the primary objective, sample size calculations were based
on the precision of the estimated prevalence of the three bio-
markers (presence/absence of p95HER2 protein expression,
PTEN deletion/down-regulation, and PIK3CA mutation).
The sample size had to provide enough biomarker-positive
patients for the confidence intervals (CIs) to be sufficiently
narrow. Using the large-sample normal approximation, a
sample size of 500 would ensure that a two-sided 90% CI for
the p95HER2-positive rate would extend ! 0.04 from the 
observed proportion. The sample size was further refined
using power analysis because the primary objective included
hazard ratio estimation. At the 5% significance level and with
90% power, 68 progression or death events were needed to
detect a hazard ratio of ! 0.45 (biomarker-positive group rel-
ative to -negative group). All statistical tests were two-sided
unless otherwise specified.

PFS lapatinib-based treatment or trastuzumab-based treat-
ment was analyzed for the overall study population and for
subgroups based on positive and negative biomarker status.
Survival times and PFS-prognostic factor relationship were
estimated using the Kaplan-Meier product-limit method and
compared across subgroups using log-rank tests. RR was
measured as the proportion of patients showing either CR or
PR to lapatinib-based treatment received post-study entry.
For OS, survival outcomes were determined based on patient
status at data cutoff (alive, deceased, or unknown; time to
death was censored at the time of last contact for patients
who were alive at the end of study or lost to follow-up), and
analyzed using the Kaplan-Meier method.

Distributions of the three biomarkers were summarized
using counts and percentages of patients who were positive
or negative for p95HER2 expression, PTEN deletion/down-
regulation, and PIK3CA mutation at primary diagnosis, and
at recurrence/metastasis, where available. A chi-square test,

or a Fisher exact test for small frequency counts, was used to
test for statistically significant associations among the three
biomarkers. Multivariate Cox proportional hazards models
were used to evaluate associations between status of the
three biomarkers and PFS, on either lapatinib or trastuzumab
after adjusting for relevant prognostic factors. No multiplic-
ity adjustment was performed to control for type I error. In
addition to the expression levels of the three biomarkers,
other prognostic factors assessed for PFS with lapatinib-
based treatment were HER2 fluorescence in situ hybridiza-
tion-positivity at primary diagnosis and IHC 2+ status at
study entry. Prognostic factors analyzed for PFS with trastu-
zumab-based treatment included ethnic group and recur-
rence in the contralateral breast at study entry.

Conversion and conservation rates for the three biomark-
ers between primary diagnosis and recurrence/metastasis
were determined by cross-tabulating data for patients with
conservation or conversion (negative to positive or vice versa)
of biomarker status. Associations between tumor mRNA
markers and PFS on lapatinib-based treatment were evalu-
ated using the Kaplan-Meier method. The differences in PFS
between subgroups based on mRNA marker status were
tested using the log-rank test. 

6. Ethical statement

This study was performed in compliance with Good Clin-
ical Practices and GlaxoSmithKline Standard Operating Pro-
cedures for all processes involved, including the archiving
of essential documents. This study complies with US 21 CFR
312.120, as described in the Ethics and Good Clinical Practice
section. This study was conducted in accordance with the 
International Conference on Harmonization (ICH) of Tech-
nical Requirements for Registration of Pharmaceuticals for
Human Use Good Clinical Practice (GCP) and applicable
country-specific requirements, all applicable subject privacy
requirements, and the ethical principles outlined in the Dec-
laration of Helsinki 2008. The study was monitored in accor-
dance with ICH E6, Section 5.18.

The protocol, any amendments, the informed consent form,
and other information that required pre-approval were 
reviewed and approved by the respective investigational
center ethics committees and institutional review boards
(IRBs), in accordance with the ICH of Technical Require-
ments for Registration of Pharmaceuticals for Human Use
GCP and applicable country-specific requirements. Ethics
committee and IRB approvals were maintained in the Spon-
sor’s study file.

This study was conducted in accordance with ICH GCP
and all applicable subject privacy requirements, and, the eth-
ical principles outlined in the Declaration of Helsinki 2008.
The study was monitored in accordance with ICH E6, Section
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5.18.
Investigators were trained to conduct the study in accor-

dance with GCPs and the protocol as defined in ICH E3, Sec-
tion 9.6. Written commitments were obtained from inves-

tigators to comply with GCP and to conduct the study in 
accordance with the protocol.

Written informed consent was obtained from each subject
prior to the performance of any study-specific procedures.
The investigator provided the subject with as much time as
necessary to review the document, to inquire about details
of the study, and to decide whether or not to participate in
the study. The informed consent was signed and dated by
the study subject and by the person who conducted the 
informed consent discussion. Case report forms were pro-
vided for each subject’s data to be recorded.

Results

1. Patient demographics and disease characteristics

This study enrolled patients initiating lapatinib-based
treatment for metastatic disease between August 2010 and
December 2012. Of the enrolled 156 eligible patients, data for
154 were analyzed. Two patients from a single center in
Malaysia were not included in the analysis because patient
data could not be verified following the death of the princi-
pal investigator at that center. The median age of patients at
primary diagnosis was 52.9 years and the median time 
between primary diagnosis and study entry was 3.3 years
(Table 1). Most patients were either Korean (71.4%) or Chi-
nese (26.0%). Biopsy or tumor resection was performed for
all 154 patients in the analysis population at the time of pri-
mary diagnosis. At primary diagnosis, most patients (76.7%)

Sung-Bae Kim, Biomarker Study in Asian Patients with HER2+ ABC 

Table 1. Patient demographics and baseline disease char-
acteristics

(Continued)

Characteristic No. (%) (n=154)
Age distribution at primary diagnosis (yr)

Mean±SD 48.1±9.8
Median (range) 52.9 (24.8-76.5)
< 50 yr vs. ! 50 yr 85 (55.2):69 (44.8)

Age distribution at study entry (yr)
Mean±SD 52.4±9.9
Median (range) 48.7 (28.3-86.0)
< 50 yr vs. ! 50 yr 62 (40.3):92 (59.7)

Time between primary diagnosis 
and study entry (yr)
Mean±SD 4.3±3.2
Median (range) 3.3 (0.2-19.9)

Postmenopausal
At primary diagnosis 78 (50.6)
At study entry 131 (85.1)

ECOG PS
0 42 (27.3)
1 107 (69.5)
2 5 (3.2)

Ethnicity
Korean 110 (71.4)
Chinese 40 (26.0)
Filipino 2 (1.3)
Malay 2 (1.3)

Cancer stage(s)a)

At primary diagnosis
I, II, or III 118 (76.7)
IV (de novo) 34 (22.1)
Unknown 2 (1.3)

At study entryb)

I, II, or III (metastatic) 2 (1.3)
IV (de novo) 150 (97.4)
Unknown 0 (

HER2 status
At primary diagnosis

Positive 147 (95.5)
Negative 2 (1.3)
Not performed 5 (3.2)

At study entry
Positive 45 (29.2)
Negative 0 (
Not done 109 (70.8)

Table 1. Continued

SD, standard deviation; ECOG PS, Eastern Cooperative
Oncology Group performance status; HER2, human epi-
dermal growth factor receptor 2; ER, estrogen receptor.
a)According to the American Joint Committee on Cancer
7th edition, b)Data were not recorded for all patients.

Characteristic No. (%) (n=154)
ER status

At primary diagnosis
Positive 65 (42.2)
Negative 85 (55.2)
Unknown 4 (2.6)

At study entry
Positive 20 (13.0)
Negative 22 (14.3)
Unknown 112 (72.7)
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had stages I to III, and 22.1% had de novo stage IV disease;
nearly all (97.4%) had MBC by study entry. Invasive ductal
carcinoma was the most common histology at primary diag-
nosis (96.8%). Of the 154 patients in the analysis population,
147 (95.5%) were positive for HER2 at primary diagnosis,
with five not determined (3.2%) and two negative (1.3%)
(Table 1). At study entry, HER2 status was not determined
for the majority of patients (n=109, 70.8%); however, all who
did (n=45, 29.2%) were HER2+ (Table 1). The majority of
samples available for biomarker analyses were from the pri-
mary tumor, and biomarker data from matched primary/
metastasis samples were available in < 15% of patients.

Prior to study entry, 24 patients received adjuvant systemic
treatment for early-stage disease, 89 received treatment in
adjuvant and recurrent/metastatic disease settings, and 42
received for recurrent/metastatic disease only. Trastuzumab
(67.4%) and taxanes (65.9%) were the most common agents
in first-line regimens in the metastatic setting prior to study
entry, followed by hormonal therapy (14.7%) and anthracy-
clines (10.9%); 27.1% received other chemotherapy. At study
entry, 97% (72 of 74 patients) of first- and second-line regi-
mens contained lapatinib, with or without other chemother-
apy agents (Table 2).

2. Clinical outcomes

Median PFS with lapatinib-based regimens in the full
study population was 33.3 weeks (95% CI, 26.1 to 40.5 weeks)
(Fig. 1A). The RR (CR+PR) for lapatinib-based regimens was
16.9% (Table 3). Median OS with lapatinib-based regimens
was 110.7 weeks (95% CI, 87.4 to 134.0 weeks) for the analysis
population. At data cut-off (August 31, 2013), 70 patients had
died (45.5%), 59 were alive (38.3%), and 25 were lost to fol-
low-up (16.2%). Most deaths were attributed to disease pro-

gression (n=63, 90.0%). Incidence of new brain metastases
after study entry was 20%.

3. Biomarker analyses for lapatinib treatment

Core biomarkers p95HER2, PTEN, and PIK3CA and explo-
ratory marker HER2 mRNA level were evaluated for their
correlation with clinical responsiveness to lapatinib-based
treatment in the metastatic setting. In the analysis popula-
tion, there were no significant associations between the three
biomarkers (p95HER2, PTEN, and PIK3CA) and PFS with 
lapatinib-based treatment. Biomarker-based subgroups
showed similar median PFS with substantially overlapping
CIs (Fig. 1B-D). No statistically significant associations bet-
ween RR and the status of the 3 biomarkers were observed
(data not shown). Median OS with lapatinib-based treatment
also was not significantly different for biomarker-positive
and biomarker-negative groups. Multivariate Cox regression
analyses showed no significant associations between any of
the three biomarkers and PFS or OS with lapatinib-based
treatment, with or without adjustment for prognostic factors.
Exploratory univariate analyses showed no significant asso-
ciations of HER2 mRNA levels and PFS with lapatinib-based
treatment (data not shown). 

4. Biomarker analysis for other prior trastuzumab treat-
ment

Analysis of biomarker and covariate correlation with clin-
ical response to previous trastuzumab-based treatment
demonstrated no statistically significant correlations among
the three biomarkers (p95HER2, PTEN, and PIK3CA) at pri-
mary diagnosis. Trastuzumab (67.4%) was the most common
systemic agent in first-line regimens prior to study entry. 

Cancer Res Treat. 2019;51(4):1527-1539

Table 2.  Agents used in systemic therapy regimens

Values are presented as number (%). a)Systemic therapy for recurrent/metastatic disease, b)Data was only available for 153
patients prior to study entry because 1 in the analysis population did not have data, c)Data were only available for 138 patients
after study entry because 16 in the analysis population did not have data. Other therapies not reported include anthracyclines,
hormonal therapy, and other chemotherapy and targeted therapy.

Regimen numbera) Trastuzumab Lapatinib Taxane 
Prior to study entryb)

1 (adjuvant; n=129) 87 (67.4) 2 (1.6) 85 (65.9) 
2 (metastatic first-line; n=82) 22 (26.8) 9 (11.0) 16 (19.5) 
! 3 (metastatic second-line or greater; n=100) 14 (14.0) 25 (25.0) 11 (11.0) 

After study entryc)

1 (n=24) 0 ( 24 (100) 1 (4.2) 
2 (n=50) 0 ( 48 (96.0) 0 (
! 3 (n=103) 17 (16.5) 65 (63.1) 5 (4.9) 
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Median PFS from initiation of the first-line trastuzumab-

based regimen in the metastatic setting was 63.0 weeks (95%

CI, 53.6 to 72.4) (Fig. 2A). PFS with previous trastuzumab-

based treatment in the metastatic setting had no statistically

significant association with any of the three biomarkers. 

Accordingly, median PFS was similar in biomarker-positive

and biomarker-negative subgroups (Fig. 2B-D). Multivariate

analyses demonstrated that, of the prognostic factors tested,

ethnic group and recurrence in the contralateral breast at

study entry were the only potential prognostic factors asso-

ciated with PFS with trastuzumab-based treatment; the

strongest potential factor was Korean ethnicity (Table 4),

Sung-Bae Kim, Biomarker Study in Asian Patients with HER2+ ABC 

Fig. 1.  Progression-free survival (PFS) with lapatinib based regimens for all patients and biomarker subgroups. (A) All pati-

ents. (B) Patients with p95HER2 expression. (C) Patients with PTEN deletion/down-regulation. (D) Patients with PIK3CA
mutation. Note: Log-rank test of survival distribution equality for subgroups was defined by positive and negative biomarker

status. CI, confidence interval. 
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Table 3. RR with lapatinib-based regimens

RR, response rate; CR, complete response; PR, partial res-

ponse. a)Patients with CR or PR.

Response No. (%)
CR 6 (3.9)

PR 20 (13.0)

Stable disease 26 (16.9)

Progressive disease 86 (55.8)

Unable to determine 16 (10.4)

Total 154 (100)

RR 26 (16.9)a)
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possibly reflecting regional variations in treatment practices.

Results from the multivariate analysis should, however, be

interpreted cautiously as adjusted hazard ratios did not reach

statistical significance at nominal p-value of 0.05.

5. Conservation/conversion rates

Biomarker analyses demonstrated that the proportion of

tumors positive for p95HER2 expression, PIK3CAmutation,

and PTEN deletion/down-regulation at primary diagnosis

were 32%, 31.2%, and 56.2%, respectively (Fig. 3). For pati-

ents with available tumor samples from primary diagnosis

and re-biopsy, biomarker status remained 100% conserved

for p95HER2 and mostly unchanged for PIK3CA (84.2%).

Conversely biomarker status was 62.5% conserved for PTEN

(Fig. 4). However, the number of paired samples available

for this analysis was very small (fewer than 20 for all 3 bio-

markers), and these results should be interpreted with cau-

tion. 

Cancer Res Treat. 2019;51(4):1527-1539

Fig. 2.  Progression-fee survival (PFS) with trastuzumab-based regimens for all patients and biomarker subgroups. (A) All

patients. (B) Patients with p95HER2 expression. (C) Patients with PTEN deletion/down-regulation. (D) Patients with PIK3CA
mutation. Note: Log-rank test of survival distribution equality for subgroups was defined by positive and negative biomarker

status. CI, confidence interval.
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Discussion

Personalized cancer medicine based on molecular charac-

teristics of a tumor from an individual patient and validated

biomarkers with acceptable sensitivity and specificity has

great potential in the therapy of many types of cancer [37].

Recent studies have identified tumor-infiltrating lympho-

cytes [38], genetic signatures [39], and hormone receptor sta-

tus [40] as potential biomarkers for response to trastuzu-

mab-based treatment. Limited understanding of biomarker

profiles that can reliably predict response to lapatinib-based

treatment prompted us to investigate biomarker profiles of

p95HER2, PTEN, PIK3CA, and tumor HER2mRNA levels in

a population of lapatinib-treated HER2+ MBC patients from

four Asian countries, many of whom were previously treated

Sung-Bae Kim, Biomarker Study in Asian Patients with HER2+ ABC 

Table 4.  Potential prognostic factors affecting PFS with trastuzumab

PFS, progression-free survival; HR, hazard ratio; CI, confidence interval; p95HER2, truncated human epidermal growth

factor receptor 2; PTEN, phosphatase and tensin homolog; PIK3CA, phosphatidylinositol 3 kinase (catalytic subunit). a)Uni-

variate analysis, b)Log-rank test of survival distribution equality for subgroups defined by positive and negative biomarker

status, c)From Cox proportional hazards model adjusted for prognostic factors that are found to be significantly related to

PFS on lapatinib in the univariable analysis for primary endpoint and 3 biomarkers (p95HER2 protein expression, PTEN

deletion/downregulation, and PIK3CA mutation), d)Reference group: Chinese.

Unadjusted HR (95% CI)a) p-valueb) Adjusted HR (95% CI) p-valuec)

p95HER2 expression 0.85 (0.44-1.60) 0.628 1.01 (0.45-2.20) 0.975

PTEN deletion/down-regulation 0.84 (0.53-1.30) 0.456 1.30 (0.60-3.00) 0.488

PIK3CA mutation 1.20 (0.75-1.90) 0.476 1.20 (0.50-2.70) 0.649

Ethnic group: Malayd) 2.90 (0.70-12.70) 0.149 3.70 (0.70-19.80) 0.121

Ethnic group: Koreand) 2.10 (1.30-3.50) 0.004 2.00 (0.99-4.10) 0.051

Contralateral breast 0.37 (0.14-0.99) 0.047 0.30 (0.08-1.10) 0.078

Fig. 3.  Biomarker status for the three biomarkers, at primary diagnosis (A) and at recurrence/metastasis (B), for the analysis

population.
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with trastuzumab-based therapy. Our study shows that p95-
HER2, PTEN, and PIK3CA biomarker status was not predic-
tive of PFS on either lapatinib-based or trastuzumab-based
therapy in the metastatic setting. The status of the three bio-
markers also was not predictive for CR, PR, or OS with lap-
atinib-based regimens. These results are in accordance with
recent data for lapatinib-based treatment in relation to p95-
HER2 status in Korean patients [41], and to PIK3CA status in
Chinese patients [17]. Our study did not reveal any PFS dif-
ferences with trastuzumab-based treatment between PIK3CA
WT and mutated subgroups, possibly because of the small
sample size. However, PFS was shorter in patients with
PIK3CA mutations in the CLEOPATRA trial [31].
PIK3CAmutations have been associated with less response

to chemotherapy and the combination of chemotherapy and
HER2-targeted agents in several neoadjuvant trials [42].
However, these results do not indicate a direct link between
PIK3CA mutation status and response to HER2-targeted
agents because patients received chemotherapy concomi-
tantly. Randomized trials in the adjuvant setting have 
reported that alterations in PIK3CA or PTEN do not predict
trastuzumab resistance [43,44]. In addition, several reports
have demonstrated lack of association between PIK3CA
mutations or PTEN loss, and the efficacy of lapatinib, regard-
less of whether administered alone or in combination with
chemotherapy [34,35,45,46]. Moreover, patients with HER2-
overexpressing inflammatory breast cancers responded to 
lapatinib monotherapy regardless of PTEN status [47]. Thus
the predictive performance of the three biomarkers, p95-
HER2, PTEN, and PIK3CA in our analysis mirrors results
from other global studies. Furthermore, we show that PFS
with lapatinib-based treatment in Asian patients is consistent
with that reported previously in real-world settings [17,48-50].
In the GeparQuattro study, response to trastuzumab-based
therapy was found to correlate with HER2mRNA levels only
in patients with estrogen receptor-positive tumors [28]. Sim-
ilarly, in the analogous, albeit smaller, trastuzumab arm of
the NeoALTTO study, HER2 protein expression trended 
toward a correlation with pathologic complete response
(pCR) in the hormone receptor-positive group, but there was
no relationship between HER2 and pCR in the hormone 
receptor-negative group [51]. However, HER2 tumor mRNA
levels were not predictive of PFS on lapatinib-based treat-
ment in our study. 

In our study, p95HER2 expression and PTEN deletion/
down-regulation at primary diagnosis were 32%, and 56.2%,
respectively, consistent with earlier reports wherein the fre-
quency of p95HER2 expression was approximately 30% in
HER2+ tumors [52,53] and approximately 50% were PTEN-
deficient [54]. Furthermore, the frequency of PIK3CA muta-
tion was 39% in an array of HER2+ primary breast cancers
[55], akin to the 31% PIK3CAmutation frequency at primary

diagnosis in our study. Importantly, although a number of
different methods were used to measure individual biomark-
ers across these studies and no standard validated method
exists thus far, the results are very similar overall.

Although performed in a largely Asian patient population,
mostly of Korean and Chinese ethnicity, with HER2+ ABC,
our results are consistent with global studies. Thus, our 
results are not likely to be biased or population-specific, and
may have relevance for other HER2+ patients with bio-
marker profiles of interest within the general breast cancer
population. Interestingly, we found that incidence of new
brain metastases after study entry was approximately 20%,
somewhat lower than the 25% to 36% range reported in pre-
vious studies of trastuzumab-based treatment in HER2+
breast cancer patients [48-50,56]. This is potentially encour-
aging in light of reports that lapatinib-capecitabine [57-59]
and lapatinib-trastuzumab [60] combinations may provide
clinical benefit in patients with MBC with brain metastases.

Our study was limited by tissue availability, repeat biop-
sies at metastasis in only 19 patients, and slow patient 
recruitment, which resulted in a substantially smaller analy-
sis population (n=154) than originally planned (n=500). As
can be expected in a non-interventional study, there was no
randomization for treatment assignment, which differs from
biomarker analyses from randomized trials such as Neo-
ALTTO and GeparQuattro. Results from the analysis of bio-
marker conservation/conversion patterns in our study should
be interpreted carefully, keeping in mind the limited avail-
ability of paired samples. Finally, as our study allowed ret-
rospective enrollment, precision of survival estimates may
have been reduced because of unavailability of medical
record information (e.g., dates of disease progression or
death) for some of these patients.

In conclusion, our study did not demonstrate any signifi-
cant correlation between biomarker status of p95HER2,
PTEN deletion/downregulation, PI3KCAmutation or HER2
mRNA levels and clinical outcome on lapatinib-based treat-
ment in the enrolled cohort of HER2+ ABC patients, similar
to previous reports. Additionally, median PFS on lapatinib-
based treatment in our study was similar to that observed in
previous studies of lapatinib-based treatment in ABC/MBC
[17,48-50]. Predictive biomarkers can facilitate the identifica-
tion and establishment of individualized treatment for 
patients with HER2+ ABC. The correlations between bio-
markers and response/resistance to lapatinib-based treat-
ment have not been fully delineated thus far. Hence, addi-
tional studies are needed to better identify patient popula-
tions likely to benefit from lapatinib-based treatment for
HER2+ ABC. 
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Clinical Significance of Pleural Attachment and Indentation of 
Subsolid Nodule Lung Cancer

Original Article

Purpose

Lung cancers presenting as subsolid nodule commonly have peripheral location, making

the cancer-pleura relationship noteworthy. We aimed to evaluate the effect of pleural 

attachment and/or indentation on visceral pleural invasion (VPI) and recurrence-free sur-

vival. 

Materials and Methods

Patients who underwent curative resection of lung cancer as subsolid nodules from April

2007 to January 2016 were retrospectively evaluated. They were divided into four groups

according to their relationship with the pleura. Clinical, radiographical, and pathological find-

ings were analyzed.

Results

Among 404 patients with malignant subsolid nodule, 120 (29.7%) had neither pleural atta-

chment nor indentation, 26 (6.4%) had attachment only, 117 (29.0%) had indentation only,

and 141 (34.9%) had both. VPI was observed in nodules of 36 patients (8.9%), but absent

in nonsolid nodules and in those without pleural attachment and/or indentation. Compared

to subsolid nodules with concurrent pleural attachment and indentation, those with attach-

ment only (odds ratio, 0.12; 95% confidence interval [CI], 0.02 to 0.98) and indentation

only (odds ratio, 0.10; 95% CI, 0.03 to 0.31) revealed lower odds of VPI. On subgroup analy-

sis, the size of the solid portion was associated with VPI among those with pleural attach-

ment and indentation (p=0.021). Such high-risk features for VPI were associated with earlier

lung cancer recurrence (adjusted hazard ratio, 3.31; 95% CI, 1.58 to 6.91).

Conclusion

Concurrent pleural attachment and indentation are risk factors for VPI, and the odds 

increase with larger solid portion in subsolid nodules. Considering the risk of recurrence,

early surgical resection could be encouraged in these patients.

Key words
Lung neoplasms, Non-small-cell lung carcinoma, Pleura, 

Neoplasm invasiveness, Prognosis
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Introduction

Lung cancer is one of the most common cancers world-
wide, with incidence of up to 20.0-44.0 per 100,000 persons
in Northern America and Western Europe [1]. Mortality rates
are high, and the 5-year survival rate is reportedly 10%-20%
[2]. To decrease such lethal consequences, lung cancer
screening using low-dose chest computed tomography (CT)
in selected patients has proven to reduce overall mortality
[3]. Furthermore, such screening has increased the detection
of malignant subsolid nodules (SSNs) [4]. Such SSNs require
regular follow-up because malignancy rates can be even
higher for these nodules than for solid nodules [4]. Although
the risk of recurrence after resection is low for subsolid lung
cancer [5], the median survival after recurrence is expected
to be < 3 years [6]. Thus, identifying risk factors of recurrence
is necessary for personalized treatment of patients.

Some factors, such as visceral pleural invasion (VPI),
pathological tumor, node, and metastasis staging, lympho-
vascular invasion, and spread through air space, are associ-
ated with postoperative recurrence [7-9]. However, most of
these factors can only be detected after a surgery is perfor-
med, making further resection difficult during surgery. Thus,
it would be better if risk evaluation could be based on radi-
ological findings performed before surgery.

SSNs, which are mostly composed of adenocarcinomas,
are frequently found in the peripheral lungs. Therefore, the
relationship between SSNs and the pleura is noteworthy.
Linear pleural tags with soft tissue component at the pleural
end on mediastinal window can predict VPI for non-small
cell lung cancer (NSCLC) [10]. In contrast, studies of subsolid
lung cancers have questioned the effect of indentation on
VPI, although pleural contact is a significant factor of VPI
[11,12]. The effect of pleura-SSN relationship on VPI, along
with the effect on clinical prognoses, is not completely under-
stood.

Therefore, this study aimed to evaluate the effect of pleural
attachment and/or indentation on postoperative outcomes,
including VPI and recurrence-free survival, in subsolid lung
cancers. 

Materials and Methods

1. Study population

Patients who underwent lung resection for SSNs from
April 2007 to January 2016 in a tertiary referral center were
screened. Among them, solitary lung cancer patients and

those with surgery of curative intention were selected. Pati-
ents were divided into the following four groups based on
CT findings before surgery: with or without pleural attach-
ment and/or indentation.   

2. Patient assessment, treatment, and follow-up

Baseline demographics, such as sex, age, smoking status,
comorbidities, and pulmonary function test results, were 
acquired from medical records. The location of lung cancer
was identified based on preoperative CT findings. Due to the
retrospective nature of the study, the extent of surgery was
determined by the attending surgeon. Postoperative adju-
vant chemotherapy and/or radiotherapy were performed for
high-risk patients with stage IB and IIA lung cancer or for
those with pathological stage higher than IIB. After treat-
ment, to detect recurrence, patients were followed up on 3-,
6-, and 12-month intervals using chest CT.

3. Radiographic evaluation

Chest CT was performed using Brilliance 64 and iCT256
(Philips Medical System, Cleveland, OH). CT parameters
were 120 kVp and 100-200 mA, and images were recon-
structed with a 1-3-mm thickness. All CT scans were obtai-
ned with the patient in the supine position at full inspiration,
and the latest CT study obtained before surgical resection
was selected for analysis. The mediastinal window had a
level of 45 Hounsfield units (HUs) and a width of 250 HU,
while the lung window had a level of –500 HU and a width
of 2,000 HU. 

SSNs were classified as nonsolid nodules (NSNs; formerly
pure ground glass opacity nodule) if the opacity disappeared
on the mediastinal window, and as part-solid nodules (PSNs;
formerly mixed ground glass opacity nodule) if it persisted.
According to the recent National Comprehensive Cancer
Network (NCCN) guidelines, PSNs with solid component 
! 8 mm are considered to have a higher probability of malig-
nancy and those with solid component " 5 mm are consid-
ered to have lower probability. Regarding such recommen-
dation, PSNs were divided into three groups: PSN with solid
portion " 5 mm, solid portion > 5 mm and < 8 mm, and solid
portion ! 8 mm. The size of the solid portion was calculated
as described in the NCCN guideline, i.e., by averaging the
longest longitudinal length and largest diameter perpendi-
cular to it. 

Other radiographic findings, such as the longest diameter,
distance from the pleura, pleural attachment, and indenta-
tion, were assessed in the lung window setting. Distance
from the pleura was assessed by drawing a perpendicular
line between the pleura and SSN, and the shortest distance
was measured. SSN was defined to have a pleural attach-
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ment when the distance from the pleura was 0 mm. Pleural
indentation was defined as linear areas of high attenuation
originating from the SSN extending peripherally to contact
the pleura [13,14]. When SSN was attached to the pleura, any
distortions of the pleural architecture by SSN was also 
defined as pleural indentation and then defined as concur-
rent pleural attachment with indentation [12]. SSNs were 
divided into four groups according to the relationship with
the pleura: neither pleural attachment nor indentation, pleu-
ral attachment without indentation, pleural indentation
without attachment, and concurrent pleural attachment with
indentation. The interpretation of the CT findings was done
by an investigator who was not aware of any clinical infor-
mation. The examples of the four groups are shown in 
Fig. 1. 

4. Pathological evaluation

Pathological staging was retrospectively determined accor-
ding to the eighth edition of the American Joint Committee
on Cancer (AJCC) staging system [15]. T category was 
described in eight categories: T1a(mi) to T4; and N category
in three categories: N0 to N2. When a lymph node was not
evaluated either preoperatively or intraoperatively, it was
considered Nx. The overall stage grouping was specified in
eight categories (from IA1 to IIIB), in which stage IIIC and
IV cancers were not included. Specimens obtained in the
early phase of the study were reviewed to allocate them into
proper stage according to the AJCC eighth edition. Patholog-
ical VPI was considered to be present when invasion beyond
the elastic layer was observed [16]. Other pathological find-
ings, such as vascular invasion and lymphatic invasion, were
also recorded. An investigator blinded from any clinical 
information participated in the analysis of the pathological
findings.

5. Statistical analysis

Baseline demographics and CT, pathological, and clinical
findings were organized as numbers (%) for categorical vari-
ables using the chi-square test or Fisher exact test. For con-
tinuous variables, Student’s t test or Mann-Whitney U test
was performed to describe the values in mean± standard
variation or median (interquartile range [IQR]) according to
their patterns of distribution. The pathological stage was
grouped as T1, T2, and T3-4 for T category and as I, II, and
III for overall stage group to compare the characteristics 
between patients with or without pleural attachment and/or
indentation. Multivariate logistic regression analysis was
performed to measure the odds ratios (ORs) and 95% per-
centile confidence interval (CI) of important radiographic
predictors of VPI. 

Furthermore, survival analysis was performed with Kaplan-
Meier curve with log-rank test and Cox proportional hazards
models to evaluate predictors of lung cancer recurrence.
Variables with p-values of < 0.1 were included in the multi-
variate Cox regression analysis. Hazard ratios (HRs) with
95% CI were calculated.

All statistical analyses were performed using Stata ver. 13.0
(Stata Corp., College Station, TX). p-values < 0.05 were con-
sidered statistically significant.

6. Ethical statement

This study was conducted according to the amended Dec-
laration of Helsinki and was approved by the institutional
review board of Seoul National University Bundang Hospital
(protocol number: B-1604-343-104). Informed consent was

Fig. 1.  Radiographic examples of subsolid nodules. (A, B)
Without pleural attachment nor indentation. (C, D) With
pleural attachment, but without indentation. (E, F) With
indentation, but without pleural attachment. (G, H) With
both pleural attachment and indentation.

A B

C

G H
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D
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waived because of the retrospective design of the study;
however, records and information of each patient were
anonymized and de-identified before analysis. 

Results

1. Patient selection and baseline characteristics

During the 9-year study period, 541 patients underwent
lung resection surgery for SSNs, of whom, patients with mul-
tiple primary lung cancer (n=73), benign lesion (n=23), ade-
nocarcinoma in situ (n=20), recurred case (n=8), malignancy

Table 1.  Baseline characteristics of 404 patients who underwent curative surgery for subsolid nodule 

Variable A– I– A+ I– A– I+ A+ I+ p-value(n=120) (n=26) (n=117) (n=141)
Male 56 (46.7) 12 (46.2) 63 (53.9) 56 (39.7) 0.162            
Age (yr) 60.3±10.4 63.8±9.3 64.0±10.5 63.8±9.8 0.015
Ever smoker 40 (33.3) 11 (42.3) 50 (42.7) 48 (34.0) 0.364
Comorbidity

Other malignancy in 5 yr 15 (12.5) 2 (7.7) 14 (12.0) 18 (12.8) 0.907
History of tuberculosis 2 (1.7) 4 (15.4) 9 (7.7) 4 (2.8) 0.008
Asthma 3 (2.5) 0 ( 3 (2.6) 3 (2.1) > 0.999
Bronchiectasis 0 ( 1 (3.9) 3 (2.6) 4 (2.8) 0.170
COPD 0 ( 0 ( 1 (0.9) 2 (1.4) 0.710

Preoperative PFT results
FVC (L) 3.48±0.77 3.07±0.73 3.41±0.89 3.18±0.77 0.005
FEV1 (L) 2.65±0.57 2.39±0.55 2.55±0.74 2.42±0.58 0.018
FEV1 /FVC (%) 76.7±8.2 78.2±5.9 74.9±10.1 76.6±9.2 0.240

Location of lung cancer
Right upper lobe 53 (44.2) 6 (23.1) 44 (37.6) 50 (35.5) 0.045
Right middle lobe 2 (1.7) 1 (3.9) 3 (2.6) 15 (10.6)
Right lower lobe 22 (18.3) 6 (23.1) 24 (20.5) 21 (14.9)
Left upper lobe 30 (25.0) 6 (23.1) 26 (22.2) 32 (22.7)
Left lower lobe 13 (10.8) 7 (26.9) 20 (17.1) 23 (16.3)

Type of subsolid nodule
Nonsolid nodule 61 (50.8) 4 (15.4) 18 (15.4) 26 (18.4) < 0.001
Part-solid nodule

Solid portion ! 5 mm 31 (25.8) 3 (11.5) 13 (11.1) 19 (13.5)
Solid portion 5-8 mma) 14 (11.7) 3 (11.5) 13 (11.1) 17 (12.1)
Solid portion " 5 mm 14 (11.7) 16 (61.5) 73 (62.4) 79 (56.0)

Longest diameter, mm 16.7±5.7 22.7±9.6 23.9±9.7 24.8±14.0 < 0.001
Extent of surgery

Wedge resection 33 (27.5) 7 (26.9) 20 (17.1) 32 (22.7) 0.319
Segmentectomy 17 (14.2) 4 (15.4) 20 (17.1) 14 (9.9)
Lobectomy 69 (57.5) 15 (57.7) 77 (65.8) 95 (67.4)
Pneumonectomy 1 (0.8) 0 ( 0 ( 0 (

Adjuvant therapy
None 118 (98.3) 26 (100) 109 (93.2) 124 (87.9) 0.012
Chemotherapy 2 (1.7) 0 ( 5 (4.3) 15 (10.6)
Concurrent chemo-radiation 0 ( 0 ( 3 (2.6) 2 (1.4)

Values are presented as number (%) or mean±standard variation. A, attachment; I, indentation; COPD, chronic obstructive
pulmonary disease; PFT, pulmonary function test; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second.
a)Excludes 5 and 8 mm.
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other than lung cancer (n=5), distant metastasis (n=4), fol-
low-up loss (n=2), N3 disease (n=1), and other coexisting 
malignancies in the resected specimen (n=1) were excluded.
Finally, 404 patients were included. Neither pleural attach-
ment nor indentation was observed in 120 patients (29.7%),
pleural attachment without indentation in 26 (6.4%), pleural
indentation without attachment in 117 (29.0%), and concur-
rent pleural attachment with indentation in 141 (34.9%).
After surgery, pathological VPI was proven in 36 patients
(8.9%). Thirty-four patients (8.4%) experienced lung cancer
recurrence at the point of review (S1 Fig.).

Patients had a fairly even distribution of sex, with a mean
age of 62.8 years. Patients without pleural attachment or 
attachment were younger than others (p=0.015). More than
half of the patients (63.3%) were never smokers, with com-
mon comorbidities of hypertension (29.2%), diabetes mellitus
(13.1%), and other malignancies within 5 years (12.1%).
Chronic lung diseases, such as asthma (n=9), bronchiectasis
(n=8), and chronic obstructive pulmonary disease (n=3),
were observed in 19 patients (4.7%). Subsolid lung cancer
was the commonest in the right upper lobe (38.9%), and con-
current pleural attachment with indentation was predomi-
nantly observed in the right middle lobe (10.6%). Pleural 
attachment and/or indentation were observed more fre-
quently among those with PSNs and those with longer dia-
meter. The extent of lung resection was not significantly
different among the four groups (p=0.319), with lobectomy
being the most common surgery performed (257 patients,

63.4%). Compared to sublobar resection such as wedge resec-
tion and segmentectomy, lobectomy was performed in pati-
ents with larger solid portion (p < 0.001), longer longitudinal
diameter (median, 24 mm vs. 15 mm; p < 0.001), and when
the SSN was located in right upper lobe or right middle lobe
(p < 0.001). Furthermore, patients who underwent lobectomy
revealed higher rates of VPI compared to those of sublobar
resection (11.3% vs. 4.8%, p=0.026), along with higher overall
pathological stage (p < 0.001). Adjuvant therapy was per-
formed in 27 of 404 patients (6.7%), which were more fre-
quently performed among those with pleural attachment and
indentation (7 among 141 patients, 12.0%) (Table 1).

2. Radiographic characteristics and pathological correlation

Pathology reports of postoperative lung specimen were 
reviewed. All patients were diagnosed with adenocarcinoma,
including invasive adenocarcinoma (n=332, 82.2%) and mini-
mally invasive adenocarcinoma (n=72, 17.8%). VPI was 
observed in 36 patients (8.9%). SSNs with pleural attachment
and indentation had higher association with VPI (31 of 141 
patients, 22.0%) than those with attachment alone (1 of 26 
patients, 3.9%), indentation alone (4 of 117 patients, 3.4%), and
neither (0 of 120 patients, 0.0%) (p < 0.001). None of the NSNs
had VPI, and those with larger solid portion (p < 0.001) and
longer diameter (median, 27 mm vs. 19 mm; p < 0.001) had a
higher probability of VPI (Table 2). Multivariate logistic regre-
ssion analysis was performed with meaningful factors associ-

Table 2.  Radiographic findings associated with visceral pleural invasion 

Values are presented as number (%). VPI, visceral pleural invasion; A, attachment; I, indentation. a)Excludes 5 and 8 mm.

Variable VPI present (n=36) VPI absent (n=368) p-value
Relation with pleura

A(–) I(–) 0/120 (0) 120/120 (100) < 0.001
A(+) I(–) 1/26 (3.9) 25/26 (96.2)
A(–) I(+) 4/117 (3.4) 113/117 (96.6)
A(+) I(+) 31/141 (22.0) 110/141 (78.0)

Type of subsolid nodule
Nonsolid nodule 0/109 (0) 109/109 (100) < 0.001
Part-solid nodule

Solid portion ! 5 mm 1/66 (1.5) 65/66 (98.5)
Solid portion 5-8 mma) 3/47 (6.4) 44/47 (93.6)
Solid portion " 8 mm 32/182 (17.5) 150/182 (82.4)

Longest diameter (mm) 27 (23-40) 19 (14-25) < 0.001
Location of lung cancer

Right upper lobe 10/153 (6.5) 143/153 (93.5) 0.694
Right middle lobe 3/21 (14.2) 18/21 (85.7)
Right lower lobe 7/73 (9.6) 66/73 (90.4)
Left upper lobe 10/94 (10.6) 84/94 (89.4)
Left lower lobe 6/63 (9.5) 57/63 (90.5)
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ated with VPI. Compared with SSNs with concurrent pleural

attachment and indentation, those with attachment only (OR,

0.12; 95% CI, 0.02 to 0.98) and indentation only (OR, 0.10; 95%

CI, 0.03 to 0.31) revealed lower odds of VPI (Table 3). 

Pathological staging according to the recent eighth AJCC

recommendation was retrospectively performed. The patho-

logical T category was higher among those with pleural 

attachment and/or indentation. Approximately 31.9% of the

patients with concurrent pleural attachment and indentation

had at least T2 category, while only two patients (3.4%) with

neither pleural attachment nor indentation had T2 category 

(p < 0.001). Vascular and lymphatic invasions were also more

frequently observed in patients with pleural indentation than

in those without it. Although pathological N category (p=0.235)

did not reveal statistical difference according to pleural attach-

ment and/or indentation, the overall pathological stage was

higher with pleural attachment and indentation (p=0.038) 

(S2 Table).

Subgroup analysis of patients with the four different fea-

tures of SSN-pleura relationship was performed, and the prob-

ability of VPI was calculated according to the size of the solid

portion in each group. The size of the solid portion larger than

5 mm was associated with VPI among PSNs with concurrent

pleural attachment and indentation (p < 0.001), while it was

not associated with VPI among other groups (Table 4). Patients

with concurrent pleural attachment and indentation, along

with solid portion > 5 mm, were categorized as “high risk of

VPI” in the following survival analysis.

3. Differences in clinical outcomes

The median follow-up duration for the 404 patients was

48.3 months (IQR, 31.2 to 61.2). Clinical outcomes, such as

lung cancer recurrence, and all-cause mortality were com-

pared. Thirty-four patients (8.4%) experienced recurrence

within a median of 26.2 months (IQR, 11.7 to 38.5), and 19

patients (4.7%) died in a median of 38.2 months (IQR, 24.4 to

50.1). Concurrent pleural attachment with indentation was

associated with higher recurrence (15.6%) and all-cause mor-

tality rate (7.1%) than those without any one of them (3.3%

and 0.8%, respectively).

Recurrence-free survival (RFS) was compared with Kaplan-

Variable
Solid portion

p-value
None ! 5 mm 5-8 mma) " 8 mm

VPI in A(–) I(–) group 0/61 (0) 0/31 (0) 0/14 (0) 0/14 (0) N/A

VPI in A(+) I(–) group 0/4 (0) 0/3 (0) 0/3 (0) 1/16 (6.3) > 0.999

VPI in A(–) I(+) group 0/18 (0) 0/13 (0) 0/13 (0) 4/73 (5.5) 0.849

VPI in A(+) I(+) group 0/26 (0) 1/19 (5.3) 3/17 (17.6) 27/79 (34.1) < 0.001

Values are presented as number (%). VPI, visceral pleural invasion; A, attachment; I, indentation; N/A, not available. 

a)Excludes 5 and 8 mm.

Table 4. Size of the solid portion and visceral pleural invasion according to the pleura-nodule relationship

Table 3.  Radiographic factors associated with visceral pleural invasion in subsolid lung adenocarcinoma

OR, odds ratio; CI, confidence interval; A, attachment; I, indentation; N/A, not applicable. a)Excludes 5 and 8 mm.

Variable OR 95% CI p-value

Relation with pleura

A(–) I(–) N/A N/A N/A

A(+) I(–) 0.12 0.02-0.98 0.048

A(–) I(+) 0.10 0.03-0.31 < 0.001

A(+) I(+) Reference

Size of the solid portion

Absent solid portion N/A N/A N/A

Solid portion ! 5 mm 0.13 0.02-1.02 0.052

Solid portion 5-8 mma) 0.44 0.12-1.65 0.221

Solid portion " 8 mm Reference

Longest diameter, by cm 1.24 0.93-1.64 0.144
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Meier curve and log-rank test, which revealed that concur-

rent pleural attachment with indentation was associated with

shorter time to recurrence in the subsolid lung cancers than

in other groups (Fig. 2). With multivariate Cox proportional

hazards model, smoking history (adjusted HR, 2.20; 95% CI,

1.11 to 4.35), “high risk of VPI” features (adjusted HR, 3.31;

95% CI, 1.58 to 6.91), and longer diameter (adjusted HR, 1.42;

95% CI, 1.21 to 1.67 per cm) were significantly associated

with earlier time to recurrence (S3 Table). 

Discussion

In this retrospective cohort study, pleural attachment

and/or indentation was observed in more than two-thirds

(284 patients) of the 404 patients who underwent curative

surgery for subsolid lung cancer. Subsolid lung cancers with

pleural attachment and/or indentation were observed in 

patients with older age and those with larger solid portion

and longer diameter. Pleural attachment and/or indentation

was not associated with the extent of surgery but was asso-

ciated with more frequent adjuvant therapies. VPI was not

observed in NSNs, while concurrent pleural attachment with

indentation was assessed as an independent factor associated

with VPI. The size of the solid portion > 5 mm was associated

with higher risk of VPI among patients with concurrent pleu-

ral attachment and indentation. Time to lung cancer recur-

rence was shorter among patients with concurrent pleural 

attachment and indentation and solid portion > 5 mm.

In this study, the rates of pleural attachment (41.3%), 

indentation (63.9%), and VPI (8.9%) were comparable with

those reported previously. Pleural attachment was report-

edly present in 35.3%-62.2% and indentation in 19.8%-66.4%

among subsolid lung adenocarcinomas [11,12]. The incidence

of VPI among nonsolid lung adenocarcinomas is reportedly

0.0%-17.4% and that among part-solid lung adenocarcinoma

is 10.0%-32.2% [7,11,12]. We found no VPI among NSNs but

found 12.2% of VPI among PSNs. 

This is the first study to demonstrate that concurrent pleu-

ral attachment with indentation was independently associ-

ated with VPI among subsolid lung cancers. Compared to

simple attachment of SSN to the pleura, further indentation

to the pleura is caused by a combination of two stepwise con-

sequences: contractile change of the cancer and a compensa-

tory enlargement of surrounding tissues to fill the territory

between the areas of retracted visceral pleura [17]. Therefore,

there exists a higher possibility that the cancer invaded the

point of tagged visceral pleura. Pleural indentation has been

universally considered a positive predictive factor for VPI

and lymphovascular invasiveness in NSCLC, including solid

cancers [10,18]. However, considering that chronic lung dis-

eases, such as tuberculosis-destroyed lung, bronchiectasis,

and chronic obstructive pulmonary disease, may cause archi-

tectural distortion of the lung anatomy, indentation alone

may not be relied upon as an independent risk factor for VPI,

as shown previously [11]. Furthermore, most previous stud-

ies were focused on solid lung cancers. Subsolid lung cancers

are considered to be less invasive compared to solid tumors

and should be examined separately from solid lung cancers

[5]. The importance of concurrent pleural attachment and 

indentation was previously suggested in a retrospective

study of 194 NSCLC patients [19]. Pleural indentation with

other additional relationships to the pleura leads to poorer

outcomes compared with those with sole indentation.

In a subgroup of subsolid lung cancers with concurrent

pleural attachment and indentation, larger solid portion (> 5

mm) was significantly associated with higher odds of VPI. A

larger solid portion was reportedly an independent factor of

VPI among PSNs, and NSNs do not show VPI, regardless of

their relationship with the pleura [11,20,21]. The relationship

with the pleura, presented as concurrent pleural attachment

with indentation, should be emphasized as an independent

factor for VPI, and if the solid portion is larger, a higher risk

of VPI should be suspected.

In our study population, 8.4% of patients experienced 

recurrence of subsolid lung adenocarcinoma during a 

median 48.3 months of follow-up. The calculated 5-year RFS

was 94.4% for patients with stage IA and 69.3% for those with

stage higher stages. The RFS rates of stage IA are comparable
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with those reported in the previous study of subsolid lung
adenocarcinomas [7]. 

VPI is a well-known significant risk factor for recurrence
and poor outcomes of NSCLC [22-24]. In subsolid lung can-
cer, however, the effect of VPI on prognosis is still debated.
From a retrospective study of 147 subsolid lung cancers with-
out nodal metastasis, VPI was associated with RFS [7], but
another retrospective study of 466 patients demonstrated
similar RFS between the two groups [25]. In our study, patho-
logical VPI was an independent factor for earlier recurrence
of subsolid lung cancer (adjusted HR, 3.88; 95% CI, 1.84 to
8.15), and “high risk of VPI” feature, defined as concurrent
pleural attachment and indentation with solid portion > 5
mm, was independently associated with earlier recurrence.
Pleural indentation is associated with poor outcome among
NSCLC [19]. Indentation increases the risk of invasion to the
visceral pleura, in which lymphatic drainage is abundant,
leading to a higher risk of tumor dissemination [26]. Pleural
attachment is another known factor for locoregional recur-
rence after radiotherapy in NSCLC and poor survival in lung
adenocarcinoma [27,28]. Therefore, the “high risk of VPI”
feature is associated with higher risk of VPI, and it also 
increases the risk of recurrence, leading to poor prognosis
after surgical resection. The recent NCCN guidelines for lung
cancer screening and the statement from the Fleischner 
Society have also emphasized the importance of the size of
the solid area > 5 mm as a higher risk of malignancy among
subsolid lung cancers [29].

Despite the important findings above, this study had some
limitations. First, this was a retrospective study performed
at a single center. More studies from different centers are 
required for generalizability of the results. Second, we did
not differentiate pleural invasion beyond the elastic layer
(PL1) and invasion to the visceral pleural surface (PL2). 

Because the discrimination of PL1 and PL2 was performed
at our center after September 2012, patients who underwent
surgery before that time did not have appropriate patholog-
ical reports regarding the two. It must be recognized that
prognostic difference may exist between PL1 and PL2 disease
[30]. Third, the study period was long (9 years). The changing
lung cancer staging systems and standards of care may have
affected the recurrence rates. Furthermore, the follow-up 
durations of patients differ according to the time of the ope-
ration. 

In conclusion, concurrent pleural attachment with inden-
tation of subsolid lung cancer is an independent risk factor
for VPI, and the odds of VPI were higher among those with
solid portion > 5 mm. Furthermore, patients with such “high
risk of VPI” features experienced earlier recurrence. There-
fore, such high-risk findings should be recognized on preop-
erative CT scans, and earlier surgery could be recommended
in these selected patients.
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Bevacizumab Plus Erlotinib Combination Therapy for Advanced Hereditary
Leiomyomatosis and Renal Cell Carcinoma-Associated Renal Cell 
Carcinoma: A Multicenter Retrospective Analysis in Korean Patients

Original Article

Purpose
Hereditary leiomyomatosis and renal cell carcinoma (HLRCC) is a rare genetic syndrome 
resulting from germline mutations in fumarate hydratase. The combination of bevacizumab
plus erlotinib showed promising interim results for HLRCC-associated renal cell carcinoma
(RCC). Based on these results, we analyzed the outcome of bevacizumab plus erlotinib in
Korean patients with HLRCC-associated RCC.  

Materials and Methods
We retrospectively reviewed the efficacy and safety of bevacizumab plus erlotinib in patients
with HLRCC-associated RCC who were confirmed to have germline mutations in fumarate
hydratase. The primary endpoint was the objective response rate (ORR), while the secondary
endpoints were progression-free survival (PFS) and overall survival (OS).

Results
We identified 10 patients with advanced HLRCC-associated RCC who received bevacizumab
plus erlotinib. Median age at diagnosis was 41 years, and five of the patients had received
the combination as first- or second-line treatments. The ORR was 50% and the median PFS
and OS were 13.3 and 14.1 months, respectively. Most adverse events were predictable
and manageable by conventional measures, except for one instance where a patient died
of gastrointestinal bleeding.

Conclusion
This is the first real-world outcome of the treatment of advanced HLRCC-associated RCC.
Bevacizumab plus erlotinib therapy showed promising activity with moderate toxicity. We
should be increasingly aware of HLRCC-associated RCC and bevacizumab plus erlotinib
should be a first-line treatment for this condition, unless other promising data are published.

Key words
Hereditary leiomyomatosis and renal cell carcinoma, Bevacizumab, 
Erlotinib, Renal cell carcinoma, Fumarate hydratase, Non-clear cell 
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Introduction

Hereditary leiomyomatosis and renal cell carcinoma (HLR-
CC) syndrome is a genetic syndrome resulting from germline
mutations in fumarate hydratase (FH) [1]. This autosomal
dominant condition is characterized by cutaneous leiomy-

omas, early-onset multiple uterine leiomyomas, and an 
aggressive form of type 2 papillary renal cell carcinoma
(RCC) [2,3]. Although RCC arising in HLRCC syndrome has
been described as type 2 papillary RCC, the recently updated
World Health Organization (WHO) 2016 genitourinary can-
cer classification added RCC in HLRCC as a new entity,
HLRCC-associated RCC [4].
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More than 180 families with FH germline mutations have
been reported [3] but the exact incidence of HLRCC syn-
drome or HLRCC-associated RCC remains unknown as this
entity has had a low awareness among urologists, medical
oncologists, and pathologists until today. A considerable
proportion of patients with HLRCC-associated RCC might
have been diagnosed and treated as having sporadic papil-
lary RCC and even after correct diagnosis, there has been no
specific treatment option for advanced HLRCC-associated
RCC. The most commonly used treatment might be mam-
malian target of rapamycin (mTOR) inhibitors and vascular
endothelial growth factor receptor tyrosine kinase inhibitors
(VEGFR TKIs), similar to the treatment of non-clear cell RCC
[5]. 

With the accumulation of pathobiological knowledge 
underlying HLRCC-associated RCC, there have been atte-
mpts at mechanism-based treatment for HLRCC-associated
RCC. FH-deficient kidney cancer is characterized by impai-
red Krebs cycle and oxidative phosphorylation, thus depends
on glucose for adenosine triphosphate generation by aerobic
glycolysis (Warburg effect). Increased oxidative stress and/
or increased levels of fumarate inhibit hypoxia-inducible fac-
tor (HIF) prolyl hydroxylase which facilitates ubiquitin-
mediated degradation of HIF, resulting in HIF stabilization.
Accumulation of HIF leads to increased transcription of vas-
cular endothelial growth factor (VEGF) [2]. Bevacizumab can
inhibit VEGF-mediated tumor vasculature. In a meanwhile,
epidermal growth factor receptor (EGFR) signaling promotes
aerobic glycolysis through the phosphoinositide 3-kinase/
AKT or RAS/ mitogen-activated protein kinase pathway [6],
and EGFR TKI erlotinib reverted aerobic glycolysis in cancer
cell line [7]. 

Against this backdrop, phase II clinical trials evaluating
the efficacy and safety of the combination of bevacizumab
plus erlotinib (AVATAR trial, NCT01130519) and the com-
bination of vandetanib plus metformin (NCT02495103) are
underway. An interim analysis of the AVATAR trial of beva-
cizumab plus erlotinib showed an impressive objective res-
ponse rate (ORR) of 65% in patients with HLRCC-associated
RCC [8] and a median progression-free survival (PFS) of 24.2
months. This promising result led to the recommendation of
bevacizumab plus erlotinib for the treatment of HLRCC-
associated RCC in the 2018 National Comprehensive Cancer
Network (NCCN) guidelines [9].

In Korea, however, HLRCC-associated RCC has only 
recently been recognized by physicians and, to our knowl-
edge, there are currently no formal reports on Korean pati-
ents with this disease. Therefore, the outcome of bevacizu-
mab plus erlotinib therapy in Korean patients is not known.
For this reason, we retrospectively collected data on patients
with HLRCC in Korea and to evaluate the efficacy and safety
of the bevacizumab plus erlotinib combination treatment. 

Materials and Methods

1. Patient selection

We retrospectively reviewed consecutive patients diag-
nosed with HLRCC-associated RCC and treated between
July 2014 and July 2018 in three academic hospitals (Asan
Medical Center, Gil Medical Center, and Seoul National Uni-
versity Hospital) in South Korea. The selection criteria for
analysis were as follows: diagnosis of HLRCC-associated
RCC, advanced stage (recurrent, locoregionally advanced
unresectable, or metastatic disease), treatment with beva-
cizumab (10 mg/kg every 2 weeks intravenously) plus erlo-
tinib (150 mg p.o daily) for HLRCC-associated RCC irres-
pective of line of treatment, and adequate clinical informa-
tion and baseline and follow-up imaging.

Definitive diagnosis of HLRCC-associated RCC was con-
firmed by FH germline mutation test by polymerase chain
reaction (PCR)–based sequencing methods from peripheral
blood leukocytes. The criteria for proceeding to germline FH
tests were as follows: suggestion of HLRCC-associated RCC
in pathologic examination, diagnosis of papillary-type RCC
under 40 years of age, pathologically confirmed cutaneous
leiomyomatosis, multiple early-onset symptomatic uterine
myoma in female patients or in family members of male pati-
ents, or family history of HLRCC syndrome. 

2. Data collection and analysis 

We collected the clinicopathological data of these patients
from electronic medical record systems. Data on their base-
line demographic characteristics, radiologic response and
time-to-progression (TTP) to previous systemic treatments
and bevacizumab plus erlotinib, adverse events related to 
bevacizumab plus erlotinib, and survival data were also
gathered. Response evaluation according to Response Eval-
uation Criteria in Solid Tumors ver. 1.1 was performed by a
comprehensive review of baseline and follow-up imaging.
Usual radiographic evaluations were assessed every 2-3
months by computed tomography of the chest, abdomen,
and pelvis but other image techniques were used at the dis-
cretion of the attending physicians. Safety was evaluated 
according to the Common Terminology Criteria for Adverse
Events ver. 4.0, from the National Cancer Institute.

3. Statistical analysis

Patient characteristics and toxicity were summarized des-
criptively. The primary endpoint was ORR and the second-
ary endpoints were PFS, OS, and safety. Kaplan-Meier ana-
lysis was used to determine the time-to-event endpoints. PFS
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was defined as the time from treatment initiation to the date
of documentation of disease progression or death from any
cause, whichever came first, while OS was calculated as the
time from treatment initiation to death from any cause. Cases
in which progression and/or death did not occur were cen-
sored at the date of the last follow-up. All statistical analyses
were performed using IBM SPSS Statistics for Windows ver.
25.0 (IBM Corp., Armonk, NY).

4. Ethical statement

All procedures were conducted in accordance with the eth-
ical standards of the institutional and/or national research
committee and with the Helsinki declaration. This study was
approved by the Institutional Review Board of each hospital
(GAIRB2017-365). IRB waived informed consent for this
study because of its nature of retrospective analysis.

Results

1. Patient characteristics

We identified 10 patients confirmed to have HLRCC-asso-
ciated with RCC by FH germline mutation who received 
bevacizumab and erlotinib. Their basic demographic infor-
mation is shown in Table 1. The median age was 41 years
(range, 27 to 52 years) and nine patients (90%) were male.
None were diagnosed with HLRCC-associated RCC by his-
tologic examination at the time of initial diagnosis of RCC;
that is to say, all cases of HLRCC-associated RCC were diag-
nosed by clinical suspicion and subsequent germline FH 
mutation testing. Seven patients (70%) had locally advanced
or metastatic disease at the time of initial diagnosis and rad-
ical nephrectomy was performed in six patients (60%). The
most common metastatic sites were lymph nodes, liver, and
bone. 

Five of the ten patients (50%) received bevacizumab plus
erlotinib as first- or second-line treatments, while five pati-
ents (50%) received the combination as third-line or later. The
majority of patients belonged to the intermediate or poor-
risk groups according to the International Metastatic Renal
Cell Carcinoma Database Consortium (IMDC).

2. Systemic treatments for advanced disease 

Table 2 summarizes the history of systemic treatments and
their outcomes. Among first-line treatments, five of the ten 
patients started with temsirolimus, one patient with suni-
tinib, and four patients with bevacizumab and erlotinib. Four
patients treated with first-line temsirolimus showed no 
objective response, with a median TTP of 2.3 months. Four
of them received axitinib as the second-line therapy, with
ORR and TTP of 50% and 9.2 months, respectively. One pati-
ent (case 1) achieved a long-term response with axitinib last-
ing about 25 months. Overall, VEGFR TKIs demonstrated 
favorable efficacy in a subset of patients, while mTOR inhi-
bitors did not. Regarding immune checkpoint inhibitor ther-
apy, three patients received ipilimumab plus nivolumab

Yeonjoo Choi, Bevacizumab Plus Erlotinib for HLRCC-Associated RCC

Table 1. Baseline patient characteristics 

RCC, renal cell carcinoma; IMDC, International Metastatic
Renal Cell Carcinoma Database Consortium.

Characteristic
No. (%)
(n=10)

Age, median (range, yr) 41 (27-52)
Sex

Male 9 (90)
Female 1 (10)

Tumor histology at the time of initial diagnosis
Papillary RCC 8 (80)
Non-classified 2 (20)

Disease status at the time of initial diagnosis
Localized 3 (30)
Locally advanced 2 (20)
Metastatic 5 (50)

Nephrectomy 6 (60)
Line of bevacizumab and erlotinib

1st 4 (40)
2nd 1 (10)
3rd or more 5 (50)

IMDC prognostic group
Favorable 1 (10) 
Intermediate 5 (50)
Poor 4 (40)

Karnofsky performance status (%)
100-90 2 (20)
80-70 5 (50)
< 70 3 (30)

Metastatic sites 
Lymph nodes 9 (90) 
Liver 8 (80)
Bone 7 (70)
Lung 6 (60)
Adrenal gland 3 (30)

No. of metastatic organs
1 0 (
2 3 (30)
3 1 (10)
4 or more 6 (60)
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(cases 1 and 2) or nivolumab (case 9) but they did not obtain
any efficacy. Case 1 also received nivolumab plus pazopanib
which were sustained for 6 months. 

3. Efficacy of bevacizumab and erlotinib

For the patients who received bevacizumab plus erlotinib
as second or more line of treatment, the median time from
the first-line treatment to the initiation of bevacizumab plus
erlotinib was 7.8 months. Among 10 included patients, nine
patients underwent at least one response evaluation. Beva-
cizumab plus erlotinib resulted in a partial response in five
patients (50%), stable disease in four patients (40%), and not
evaluable in one (10%), with the ORR of 50% (95% confidence
interval [CI], 24 to 76) and disease control rate of 90% (95%
CI, 60 to 98) (Table 3, Fig. 1). The estimated median PFS was
13.3 months (95% CI, 0.0 to 26.9) (Fig. 2). Two patients (cases
2 and 5) continued bevacizumab plus erlotinib beyond radi-
ologic disease progression at the discretion of the treating
physicians because the speed of progression was slow, and
the patients maintained good general conditions. Case 2 
received bevacizumab plus erlotinib for an additional 9.2
months. The estimated median OS was 14.1 months (95% CI,
not calculated) (Fig. 2).
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Table 3. Treatment efficacy of bevacizumab plus erlotinib
in patients with HLRCC-associated RCC (n=10)

HLRCC, hereditary leiomyomatosis and renal cell carci-
noma syndrome; RCC, renal cell carcinoma; CR, complete
response; PR, partial response; SD, stable disease; PD, pro-
gressive disease; NE, not evaluable; ORR, objective res-
ponse rate; CI, confidence interval; DCR, disease control
rate; PFS, progression-free survival; OS, overall survival.
a)The 95% CI was not calculated due to small number of
events.

Value

Best overall response, n (%)

CR 0 (
PR 5 (50)
SD 4 (40)
PD 0 (
NE 1 (10)

ORR (95% CI, %) 50 (24-76)
DCR (95% CI, %) 90 (60-98)
Median PFS (95% CI, mo) 13.3 (0.0-26.9)
Median OS (mo)a) 14.1 (
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Fig. 1.  Waterfall plots depicting change from baseline in
sum of diameters for target lesions in patients with hered-
itary leiomyomatosis and renal cell carcinoma–associated
renal cell carcinoma treated with bevacizumab plus erlo-
tinib (n=9). SD, stable disease; PR, partial response. 
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Table 4.  Adverse events of bevacizumab and erlotinib (n=10)

Values are presented as number (%). ALT, alanine aminotransferase. a)The patient died of grade 5 gastrointestinal bleeding.

Any grade Grade 3 or more 

Any adverse event 10 (100) 2 (20)
Hematologic toxicity

Anemia 2 (20) 0 (
Neutropenia 0 ( 0 (
Thrombocytopenia 0 ( 0 (

Non-hematologic toxicity

Acneiform eruption 7 (70) 1 (10)
Hypertension 5 (50) 0 (
Proteinuria 4 (40) 0 (
ALT increased 4 (40) 0 (
Dry skin 4 (40) 0 (
Diarrhea 3 (30) 0 (
Fatigue 3 (30) 0 (
Creatinine increased 3 (30) 0 (
Mucositis, oral 2 (20) 0 (
Anorexia 2 (20) 0 (
Insomnia 2 (20)
Hyperbilirubinemia 1 (10) 0 (
Gastrointestinal bleeding 1 (10) 1 (10)a)

Dry eye 1 (10) 0 (
Neuropathy 1 (10) 0 (
Wound dehiscence 1 (10) 0 (
Epistaxis 1 (10) 0 (
Hand-foot syndrome 1 (10) 0 (
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4. Safety profile of bevacizumab plus erlotinib

All patients experienced any grade adverse events during
treatment (Table 4). There were no unexpected toxicities. The
most common event was acneiform eruption (70%), followed
by hypertension (50%), proteinuria (40%), alanine amino-
transferase elevation (40%), and dry skin (40%). Grade 1 or 2 
fatigue and diarrhea occurred one-third of the patients.
These events were tolerable and managed with conventional
supportive care. All patients continued treatment. However,
one patient (case 7) died of gastrointestinal bleeding, which
was not associated with disease progression but may have
been an adverse event related to bevacizumab.

Discussion

To our knowledge, this is the first report of treatment out-
comes not only in Korean patients diagnosed with HLRCC-
associated RCC by germline genetic testing but also in real-
world practice. We confirmed that the combination of beva-
cizumab and erlotinib is effective and safe. The ORR was 50%
and the median PFS and OS were 13.3 and 14.1 months, res-
pectively. Adverse events were mostly predictable and man-
ageable with routine supportive measures.

HLRCC-associated RCC was only recently categorized by
WHO as a distinct entity; therefore, knowledge regarding its
clinical features and prognosis is limited. In contrast to other
hereditary RCC syndromes, HLRCC-associated RCC is usu-
ally unilateral and solitary and metastasis can occur even if
primary lesion measures less than 1 cm [2,10]. It usually 
develops in younger people, predominantly between the
ages of 15 and 29 years, but can affect patients as young as
11 years [11]. In our study, the median age at diagnosis was
41 years (range, 27 to 52 years), similar to those in previous
reports [12]. More than half of the patients in the present
study had advanced disease at the time of diagnosis. The
most common metastatic sites were lymph nodes (abdominal
or thoracic), bone, and liver. None of our patients were sus-
pected of having HLRCC-associated RCC by histologic exa-
mination. Clinical suspicion is important for a correct dia-
gnosis; thus, physicians may be clued to suspicion by family
history, presence of uterine myomas, skin lesions, and clini-
cal course. 

Early detection and prompt surgical extirpation can cure
the condition, while the prognosis is very poor at advanced
stages [13]. There has been no standard of care for metastatic
HLRCC-associated RCC because definitive diagnosis is dif-
ficult and its rarity has precluded clinical trials. Thus far,
AVATAR is the only clinical trial with promising results for

the combination of bevacizumab plus erlotinib. In the interim
analysis, the response rates were approximately 29% and
65% for papillary RCC without and with FH mutations, res-
pectively. The median PFS in our group was shorter than that
in a previous report (13.3 months vs. 24.2 months) [8], prob-
ably because patients with adverse features were included
in our analysis. Furthermore, the small number and frequent
censoring of the current study make the survival analysis less
reliable.

All patients who received systemic treatment before 2018
started with mTOR inhibitor or VEGFR TKIs, according to
clinical practice for non-clear cell RCCs. For these patients,
bevacizumab plus erlotinib was administered in later lines.
In contrast, four out of five patients diagnosed with metasta-
tic disease in 2018 received bevacizumab and erlotinib as
first-line treatment. The reason for the early initiation of 
bevacizumab plus erlotinib was the physician’s awareness
of this entity and guideline recommendation for this treat-
ment. It is not clear whether patients treated with beva-
cizumab plus erlotinib as an initial treatment showed a better
response rate and PFS than those in patients who had recei-
ved other treatments before bevacizumab plus erlotinib.
However, before other promising data are published, beva-
cizumab and erlotinib should be a standard treatment for
HLRCC-associated RCC.

The adverse events of bevacizumab plus erlotinib treat-
ment were mostly manageable. The most common adverse
events were acneiform eruption, hypertension, proteinuria,
liver function abnormality, and dry skin. Other constitutional
symptoms such as fatigue, anorexia, or insomnia also occur-
red. One patient died of severe intestinal bleeding, which
was deemed a complication of the bevacizumab. Therefore,
although medical oncologists are familiar with the compli-
cations of both erlotinib and bevacizumab, care should be
taken to detect potentially life-threatening complications. 

In many cancers where targeted therapies like VEGF 
inhibitor or EGFR inhibitors are frequently used, adverse
events attributable to the mechanism of action of molecular
targeted agents have been increasingly suggested as predic-
tive biomarker for efficacy [14,15]. We explored whether 
acneiform eruption, hypertension, or proteinuria could be a
predictive marker for PFS. Median PFS was 6.5 (95% CI, 0 to
15.5) and 13.4 (95% CI, 0 to 27.4) for patients without and
with acneiform eruption, respectively (p=0.36). In addition,
median PFS was 6.2 months (95% CI, 1.7 to 10.6) and 21.3
months (95% CI, not calculated) for patients without and
with hypertension (p=0.023), and 6.2 months (95% CI, 1.9 to
10.5) and 21.3 months (95% CI not calculated) for patients
without and with proteinuria (p=0.029) (S1 Fig.). To confirm
the predictive role of these biomarkers, validation in larger
homogeneous prospective cohort (like the AVATAR trial) is
needed.
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Several prerequisites are essential to improving the clinical
practice of HLRCC-associated RCC. Most importantly,
physicians should be aware of HLRCC-associated RCC to
properly diagnose and treat this disease. Although we 
reported patients with advanced-stage disease, it is impor-
tant to detect and cure at early stages. Therefore, genetic
counseling and screening of all family members are needed.
Furthermore, active surveillance should be performed for
early diagnosis of RCC in FH mutation carriers. This strategy
has been suggested by the Kidney Cancer Research Network
of Canada [16]. Additionally, the medical costs for genetic
testing, surveillance, and treatment of HLRCC are currently
not covered by the national health care insurance system in
Korea. This financial burden might preclude families with
FH mutations from proper and timely treatment and newly-
detected families with this rare hereditary cancer syndrome
comprise an urgent unmet medical needs in Korea.

This study has several limitations. Above all, this retro-
spective study included a small number of patients from
three academic hospitals. Even though the three hospitals are
among the largest in Korea, additional patients may have
been diagnosed with HLRCC-associated RCC and received
bevacizumab plus erlotinib. Second, there was no central

pathology review. However, all participating centers were
academic centers possessing genitourinary pathology spe-
cialists experienced in RCC. Finally, the PCR for FH was not
centralized and was performed in each institution by labo-
ratory-developed tests.

In conclusion, this is the first report on the treatment of 
advanced HLRCC-associated RCC in real-world practice. 
Bevacizumab plus erlotinib therapy was effective and the
safety profiles were predictable and manageable. Physicians
participating in the management of genitourinary cancer
should be aware of HLRCC-associated RCC to properly dia-
gnose and treat this disease. Considering its efficacy and
safety, bevacizumab plus erlotinib should be the standard of
treatment, unless other promising data are published.
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Purpose

The extranodal natural killer (NK)/T-cell lymphoma (NKTCL) of non-upper aerodigestive tract

(NUAT) was found to have clinical heterogeneity compared with NKTCL of the upper aerodi-

gestive tract (UAT) in small scale studies. We conducted this study in a much larger cohort

to analyze the clinical characteristics, prognostic factors, treatment modality, and clinical

outcomes of patients with NUAT-NKTCL. 

Materials and Methods

From January 2001 to December 2017, a total of 757 NKTCL patients were identified and

included in this study, including 92 NUAT-NKTCL patients (12.2%) and 665 UAT-NKTCL 

patients (87.8%). 

Results

NUAT-NKTCL patients had relatively poorer performance status, more unfavorable prognos-

tic factors, and more advanced stage, compared with UAT-NKTCL patients. The 5-year overall

survival (OS) was 34.7% for NUAT-NKTCL, which was significantly worse than UAT-NKTCL

(64.2%, p < 0.001). The median OS duration was 30.9 months for NUAT-NKTCL. Multivariate

analysis showed that presence with B symptoms and elevated serum lactate dehydroge-

nase independently predicted worse OS. International prognostic index score and prognostic

index of NK lymphoma score still had prognostic values in NUAT-NKTCL, while the Ann Arbor

system could not accurately predict the OS. 

Conclusion

NUAT-NKTCL is a distinctive subtype of NKTCL in many aspects. Patients with NUAT-NKTCL

have relatively poorer performance status, more unfavorable prognostic factors, more 

advanced stage, and poorer prognosis. 

Key words
Extranodal NK-T-cell lymphoma, Non-upper aerodigestive tract, 

Prognostic factors, Survival
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Introduction

Extranodal natural killer (NK)/T-cell lymphoma (NKTCL)
is a distinctive clinicopathological entity of non-Hodgkin's
lymphoma according to the World Health Organization
(WHO) classification of lymphoid neoplasms [1]. The disease
is much more common in Asian and Latin American popu-
lations, and mostly happens in middle-aged male, with clin-
ical characteristics of necrosis, ulceration, and destructive
lesion [1]. NKTCL shows typical pathological features of angio-
centric lesion, vessel damage, and coagulative necrosis [1].

NKTCL mostly originate in the nasal cavity or other sites
of the upper aerodigestive tract (NK/T-cell lymphoma of
upper aerodigestive tract [UAT-NKTCL]), while it could also
happen in diverse sites outside the UAT (NK/T-cell lym-
phoma of non-upper aerodigestive tract [NUAT-NKTCL]),
such as the skin and soft tissue, gastrointestinal tract (GI
tract), liver, spleen, testicle, lung, eye, adrenal gland, and so
forth [2,3]. Previous retrospective studies found obvious het-
erogeneity in aspects of clinical features, risk factors, treat-
ment response and prognosis between UAT-NKTCL and
NUAT-NKTCL [2-10]. According to the research, NUAT-
NKTCL patients had more advanced clinical stage, more 
unfavorable prognostic factors, worse treatment response,
and clinical outcomes compared with UAT-NKTCL patients.
Thus, NKTCL was divided into two subtypes in the WHO
classification of tumors of lymphoid tissues (2008): nasal
NKTCL (including UAT-NKTCL beyond the nasal cavity)
and extranasal NKTCL (excluding UAT-NKTCL).

Currently, treatment experience of NKTCL is based on pre-
vious researches of UAT-NKTCL. UAT-NKTCL is highly
sensitive to radiation therapy, which is now the main treat-
ment for patients with limited stage disease. Published liter-
ature found unsatisfactory results of anthracyclines-based
chemotherapy regimens in UAT-NKTCL, but conversely,
promising results of asparaginase (ASP)-containing chemo-
therapy regimens [11-13]. Due to the much lower incidence
and limited clinical evidence, treatment modality for NUAT-
NKTCL remains to be elucidated so far. A retrospective
study containing 59 patients with NUAT-NKTCL in 2008 
analyzed clinical data and emphasized the clinical hetero-
geneity in aspects of clinical features, prognostic factors, and
survival in the anthracycline era [3]. Thus, we conducted this
retrospective study in a cohort of 92 NUAT-NKTCL patients,
aiming to analyze the clinical characteristics, prognostic fac-
tors, treatment, and survival of these patients in the non-
anthracycline era.

Materials and Methods

1. Patient selection and staging evaluation

We retrospectively reviewed the medical records patients
who were diagnosed with NKTCL at Sun Yat-sen University
Cancer Center between 2001 and 2017. The inclusion criteria
for our study were as follows: (1) patients confirmedly diag-
nosed with NKTCL based on the WHO classification of lym-
phomas [1]; (2) complete follow-up data. The term UAT used
in this study included the nasal cavity, Waldeyer’s ring, 
hypopharynx, larynx, and oral cavity. And NUAT-NKTCL
represents NKTCL that originates beyond these anatomical
sites. In total of 757 NKTCL patients were identified, includ-
ing 92 NUAT-NKTCL patients (12.2%) and 665 UAT-NKTCL
patients (87.8%). 

The initial clinical evaluation included the following: a
complete history and physical examination; serum biochem-
istry, including serum lactate dehydrogenase (LDH) levels;
a bone marrow examination; and magnetic resonance imag-
ing and/or computed tomography of the head, neck, chest,
abdomen, and pelvis. Additional baseline evaluations, inclu-
ding positron emission tomography-computed tomography
and plasma Epstein-Barr virus DNA (EBV-DNA) copy num-
ber, were performed in selected patients if necessary. Clinical
staging was performed based on the Ann Arbor staging sys-
tem. The international prognostic index (IPI) and the prog-
nostic index of natural killer lymphoma (PINK) were cal-
culated for all patients at initial presentation. 

2. Response criteria and statistical analysis

Treatment response was assessed according to the respon-
se criteria for lymphomas from the International Harmoniza-
tion Project on Lymphoma [14]. The overall survival (OS)
was calculated from the date of diagnosis to the date of death
from any cause or the date of the last follow-up visit. The
progression-free survival (PFS) was measured from the date
of diagnosis to the date of disease progression, relapse, death
from any cause, or the last follow-up visit. Categorical vari-
ables were compared using the chi-square tests or Fisher
exact tests, while continuous variables were compared using
the Mann-Whitney U tests. Survival analysis was performed
by plotting the Kaplan-Meier survival curve, in which a log-
rank test was used to detect a statistically significant differ-
ence. The Cox proportional hazard model was used for a
univariate screen of all potential predictors of survival. Vari-
ables with statistical and clinical significance were included
in the multivariate analysis using the stepwise forward Cox
regression model. A two-sided p-value < 0.05 was consid-
ered significant. The statistical analysis was performed using
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the Statistical Package for the Social Sciences (SPSS) ver. 24.0
software (IBM Corp., Armonk, NY). 

3. Ethical statement

The study was approved by the ethics committee of Sun
Yat-sen University Cancer Center (No.YB-201812) and the 
informed consent for collection and publication of medical

Ze-Long Liu, NUAT-NKTCL

Table 1.  The clinical characteristics of patients with NUAT-NKTCL and UAT-NKTCL

(Continued to the next page)

Parameter NUAT UAT p-value
Overall 92 (100) 665 (100)
Sex

Male 58 (63.0) 463 (69.6) 0.202
Female 34 (37.0) 202 (30.4)

Age (yr)
Median (range) 35 (1-79) 43 (3-80) 0.004
! 60 80 (87.0) 583 (87.7) 0.846
> 60 12 (13.0) 82 (12.3)

ECOG score
0-1 53 (57.6) 577 (86.8) < 0.001
" 2 39 (42.4) 69 (10.4)
Unknown 0 ( 19 (2.9)

B symptomsa) 48 (52.7) 344 (52.4) 0.956
Involvement of regional lymph nodesb) 45 (51.7) 242 (36.9) 0.008
Involvement of distant lymph nodesc) 25 (28.1) 64 (9.8) < 0.001
Extranodal sites involvement ! 2d) 40 (44.0) 81 (12.4) < 0.001
Involvement of bone marrowd) 10 (11.0) 13 (2.0) < 0.001
Presence of hemophagocytosis 7 (7.6) 38 (5.7) 0.471
Ann Arbor stage

I-II 32 (34.8) 557 (83.8) < 0.001
III-IV 59 (64.1) 99 (14.9)
Unknown 1 (1.1) 9 (1.4)

Elevated LDHe) 41 (55.4) 169 (28.5) < 0.001
EBV DNA in blood

Detectable 28 (30.4) 216 (32.5) 0.093
Undetectable 15 (16.3) 166 (25.0)
Unknown 49 (53.3) 283 (42.6)

Median Ki-67 index (range, %)f) 70 (15-100) 60 (5-100) < 0.001
Median SUVmax (range)g) 14.6 (2.7-29.3) 13.9 (2.0-79.4) 0.924
IPI score

0-1 21 (22.8) 476 (71.6) < 0.001
2 19 (20.7) 36 (5.4)
3 28 (30.4) 46 (6.9)
4-5 12 (13.0) 27 (4.1)
Unknown 12 (13.0) 80 (12.0)

PINK score
0 0 ( 475 (71.4) < 0.001
1 24 (26.1) 104 (15.6)
2 33 (35.9) 62 (9.3)
3-4 33 (35.9) 11 (1.7)
Unknown 1 (1.1) 13 (2.0)
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information was obtained from all study patients at their first
visit to our hospital. The authenticity of this article has been
validated by uploading the key raw data onto the Research
Data Deposit public platform (www.researchdata.org.cn),
with the approval RDD number as RDDA2019001016. 

Results

1. Clinical characteristics

The clinical characteristics of the NUAT-NKTCL patients
and UAT-NKTCL patients are presented in Table 1. Both
NUAT-NKTCL and UAT-NKTCL exhibited a male predom-
inance, with similar male to female ratios of 1.7:1 and 2.3:1,
respectively. The median age of NUAT-NKTCL and UAT-
NKTCL was 35 years (range, 1 to 79 years) and 43 years
(range, 3 to 80 years), which was significantly different (p=
0.004). However, there were 12 (13.0%) and 82 (12.3%) pati-
ents older than 60 years in two groups, respectively, which
was not significantly different (p=0.846).

Compared with UAT-NKTCL, more NUAT-NKTCL pati-
ents had a poor performance status (Eastern Cooperative 
Oncology Group [ECOG] score ! 2, 42.4% vs. 10.7%, p < 0.001).
More NUAT-NKTCL patients presented with involvement
of regional lymph nodes (51.7% vs. 36.9%, p=0.008), involve-
ment of distant lymph nodes (28.1% vs. 9.8%, p < 0.001), two
or more extranodal lesions (44.0% vs. 12.4%, p < 0.001), invol-
vement of bone marrow (11.0% vs. 2.0%, p < 0.001), and ele-
vated LDH levels (55.4% vs. 28.5%, p < 0.001). Conversely,
there were not significant differences between two groups in

terms of presence of B symptoms, presence of hemophago-
cytosis, and detectable EBV DNA in blood. The median of
Ki-67 index in NUAT-NKTCL patients was slightly higher
than that in UAT-NKTCL patients (70% vs. 60%, p < 0.001).
The median value of baseline maximal standardized uptake
value in positron emission tomography for primary lesion
was similar in NUAT-NKT-CL and UAT-NKTCL patients
(2.7 vs. 2.0, p=0.924). NUAT-NKTCL patients had more 
advanced stage (stage III/IV, 64.8% vs. 15.1%, p < 0.001),
higher IPI scores (50.0% vs. 12.5% with IPI ! 3, p < 0.001), and
higher PINK scores (36.3% vs. 1.7% with PINK ! 3, p < 0.001),
compared with UAT-NKTCL patients. 

The most common site of primary lesions in NUAT-NKT-
CL was the skin and soft tissue (n=42, 45.7%), followed by
the GI tract (n=18, 19.6%), and the eye and adnexa (n=14,
15.2%) (Table 2). Other sites of primary disease included the
testicle and ovary (n=5, 5.4%), the spleen (n=4, 4.3%), the
lung and trachea (n=2, 2.2%), the central nervous system
(n=2, 2.2%), and the adrenal gland (n=2, 2.2%). The primary
lesions were unable to be classified in three patients (3.3%)
due to the extensive involvement of multiple systems at the
initial presentation.

2. Treatment and response

The treatment modalities for NUAT-NKTCL patients 
depended on their physicians and considered, e.g., the pati-
ent’s physical status, clinical presentation, and comorbidities.
Initial treatment modalities for this cohort are summarized
in Table 2. The primary treatment included chemotherapy
(CT) alone (64 cases, 69.6%), CT followed by radiotherapy
(RT; 19 cases, 20.7%), RT followed by CT (3 cases, 3.3%),
sandwich chemoradiation (4 cases, 4.3%), and supportive

Cancer Res Treat. 2019;51(4):1557-1567

Table 1.  Continued

Values are presented as number (%). NUAT, non-upper aerodigestive tract; NKTCL, natural killer/T-cell lymphoma; UAT,
upper aerodigestive tract; ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; EBV, Epstein-Barr
virus; SUVmax, the maximal standardized uptake value; IPI, International Prognostic Index; PINK, Prognostic Index of Nat-
ural Killer Lymphoma; CT, chemotherapy; RT, radiotherapy. a)Data was available in 747 patients, b)Data was available in
742 patients, c)Data was available in 743 patients, d)Data was available in 745 patients, e)Data was available in 667 patients,
f)Data was available in 519 patients, g)Data was available in 318 patients.

Parameter NUAT UAT p-value
Treatment modalities

CT alone 64 (69.6) 193 (29.0) < 0.001
RT alone 0 ( 19 (2.9)
CT+RT 19 (20.7) 309 (46.5)
RT+CT 3 (3.3) 17 (2.6)
Sandwich chemoradiation 4 (4.3) 114 (17.1)
Supportive care 2 (2.2) 13 (2.0)
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care alone (2 cases, 2.2%). RT was applied to 46.9% (15/32)
of limited-stage (stage I/II) patients but only 18.6% (11/59)
of advanced-stage patients, which was significantly different
(p < 0.001). Eighty-four point six percent of patients (n=22)
receiving RT had their primary tumor located in skin and soft
tissue, and eye and its adnexa.

Chemotherapy regimens varied during the study period
depending upon the treating physicians (S1 Table). The most
frequently used regimens included L-asparaginase (L-ASP)

or pegaspargase/gemcitabine/oxaliplatin (GELOX/PGE-
MOX) in 29 patients (32.2%), cyclophosphamide/doxoru-
bicin/vincristine/prednisone (CHOP) in 10 patients (11.1%),
etoposide/doxorubicin/vincristine/cyclophosphamide/pre
dnisone (EPOCH) in 15 patients (16.7%), CHOP plus L-ASP
(CHOP-L) in seven patients (7.8%), and miscellaneous regi-
mens in 29 patients (32.2%). In summary, ASP was adminis-
tered as part of the chemotherapy in 62 of 90 patients (68.9%).
Details in dosage of chemotherapeutic regimens were for-

Ze-Long Liu, NUAT-NKTCL

Table 2.  Treatment modalities of patients with NK/T-cell lymphoma of non-upper aerodigestive tract 

Treatment Total CT alone CT+RT RT+CT Sandwich Supportive  
chemoradiation care

All patients 92 (100) 64 (69.6) 19 (20.7) 3 (3.3) 4 (4.3) 2 (2.2)          
Stage I-II 32 (100) 16 (50.0) 13 (40.6) 1 (3.1) 1 (3.1) 1 (3.1)
Stage III-IV 59 (100) 47 (79.7) 6 (10.2) 2 (3.4) 3 (5.1) 1 (1.7)
Unknown 1 (100) 1 (100) 0 ( 0 ( 0 ( 0 (

Primary sites
Skin and soft tissue 42 (100) 26 (61.9) 11 (26.2) 2 (4.8) 3 (7.1) 0 (
Gastrointestinal tract 18 (100) 16 (88.9) 1 (5.6) 0 ( 0 ( 1 (5.6)
Eye and adnexa 14 (100) 7 (50.0) 6 (42.9) 0 ( 0 ( 1 (7.1)
Spleen 4 (100) 4 (100) 0 ( 0 ( 0 ( 0 (
Testicle and ovary 5 (100) 4 (80.0) 0 ( 0 ( 1 (20.0) 0 (
Adrenal gland 2 (100) 1 (50.0) 1 (50.0) 0 ( 0 ( 0 (
Central nervous system 2 (100) 1 (50.0) 0 ( 1 (50.0) 0 ( 0 (
Lung and trachea 2 (100) 2 (100) 0 ( 0 ( 0 ( 0 (
Unclassifiable 3 (100) 3 (100) 0 ( 0 ( 0 ( 0 (

Values are presented as number (%). NK, natural killer; CT, chemotherapy; RT, radiotherapy.

Fig. 1.  Kaplan-Meier plots of overall survival (OS) (A) and progression-free survival (PFS) (B) for non-upper aerodigestive
tract (NUAT)!natural killer/T-cell lymphoma (NKTCL) and upper aerodigestive tract (UAT)-NKTCL. HR, hazard ratio; CI,
confidence interval.
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Variable
OS PFS

HR (95% CI) p-value HR (95% CI) p-value
Sex (female vs. male) 0.730 (0.394-1.351) 0.316 0.735 (0.430-1.258) 0.261
Age (> 60 yr vs. !60 yr) 1.482 (0.657-3.341) 0.343 1.024 (0.483-2.168) 0.951
ECOG score (" 2 vs. 0-1) 1.219 (0.690-2.154) 0.495 1.432 (0.870-2.359) 0.158
Stage (III-IV vs. I-II) 1.457 (0.876-2.423) 0.147 1.012 (0.639-1.604) 0.958
B symptoms (yes vs. no) 2.019 (1.100-3.703) 0.023 1.902 (1.128-3.207) 0.016
LDH (elevated vs. normal) 2.396 (1.198-4.789) 0.013 1.458 (0.822-2.587) 0.197
Involvement of regional lymph nodes 1.344 (0.736-2.454) 0.336 0.998 (0.591-1.687) 0.995
Involvement of distant lymph nodes 1.521 (0.790-2.928) 0.209 1.127 (0.634-2.006) 0.683
Extranodal sites involvement (" 2 vs. 0-1) 1.974 (1.094-3.564) 0.024 1.263 (0.758-2.105) 0.371
Involvement of bone marrow 2.014 (0.842-4.817) 0.116 1.497 (0.677-3.312) 0.319
Presence of hemophagocytosis 4.363 (1.776-10.717) 0.001 2.766 (1.156-6.616) 0.022
IPI score (3-5 vs. 0-2) 2.850 (1.490-5.451) 0.002 1.498 (0.870-2.580) 0.145
PINK score (3-4 vs. 1-2) 2.065 (1.133-3.764) 0.018 1.153 (0.681-1.953) 0.595
Treatment (RT vs. no RT) 0.634 (0.328-1.224) 0.174 0.478 (0.265-0.861) 0.014
Chemotherapeutic regimens 0.601 (0.332-1.089) 0.093 0.673 (0.397-1.142) 0.142
(ASP-containing vs. ASP-absent)

Treatment response (CR vs. no CR) 0.289 (0.151-0.553) < 0.001 0.200 (0.111-0.358) < 0.001

NK, natural killer; OS, overall survival; PFS, progression-free survival; HR, hazard ratio; CI, confidence interval; ECOG,
Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; IPI, International Prognostic Index; PINK, Prognostic
Index of Natural Killer Lymphoma; RT, radiotherapy; ASP, asparaginase; CR, complete remission.

Table 3. Univariate analysis of prognostic factors in patients with NK/T-cell lymphoma of non-upper aerodigestive tract

Fig. 2.  Kaplan-Meier plots of overall survivals (OS) for non-upper aerodigestive tract–natural killer/T-cell lymphoma by
the International Prognostic Index (IPI) score (A) and the Prognostic Index of Natural Killer Lymphoma (PINK) score (B).
HR, hazard ratio; CI, confidence interval.
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merly reported [15]. The median number of chemotherapy
cycles was 4 (range, 0 to 12). The clinical characteristics of
NUAT-NKTCL patients treated with ASP-containing and
ASP-absent chemotherapy regimens were compared in 
S2 Table.

A total of 26 NUAT-NKTCL patients (28.3%) received RT
for primary treatment, which was significantly less than
UAT-NKTCL patients (69.0%, p < 0.001). RT was adminis-
tered as a consolidative therapy following complete remis-
sion (CR) to CT in nine patients with radiation fields covering
the primary area of disease, 12 patients received RT to the
residual lesions after partial remission (PR) to CT, and 2 pati-
ents received RT after stable disease (SD) to CT. For 14 pati-
ents who had PR or SD, RT improved the response to CR in
six patients (42.9%). RT was administered with a median
dose of 50.0 Gy (range, 20.0 to 56.0 Gy). Six patients were 

irradiated using conventional two-dimensional techniques,
eight patients received intensity-modulated radiotherapy,
and two patients received three-dimensional conformal 
radiotherapy. 

Treatment response of different treatment modalities in
NUAT-NKTCL and UAT-NKTCL patients were shown in 
S3 Table. Among the 90 NUAT-NKTCL patients who recei-
ved anti-tumor treatment, CR, PR, SD, and progressive dis-
ease were observed after primary treatment in 39 (43.3%), 13
(14.4%), 6 (6.7%), and 28 (31.1%) patients, respectively and
unknown in 4 patients (4.4%). The CR rate between patients
treated with ASP-containing and ASP-absent regimens was
not statistically different (48.3% vs. 38.5%, p=0.398). The
overall response rate (ORR) of the ASP-containing regimens
tended to be higher than ASP-absent regimens, although the
difference was not statistically different (66.7% vs. 46.2%,

Ze-Long Liu, NUAT-NKTCL

Fig. 3.  Kaplan-Meier plots of overall survival (OS) (A) and progression-free survival (PFS) (B) for non-upper aerodigestive
tract–natural killer/T-cell lymphoma (NKTCL) by Ann Arbor stage; and Kaplan-Meier plots of OS (C) and PFS (D) for upper
aerodigestive tract–NKTCL by Ann Arbor stage. HR, hazard ratio; CI, confidence interval.
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p=0.074). Receiving RT as part of the primary treatment was
associated with a significantly higher ORR (80.8% vs. 51.7%,
p=0.011), but not a significantly higher CR rate (57.7% vs.
40.0%, p=0.130). 

3. Survival and prognostic factors

The median follow-up time was 26.3 months (range, 0.2 to
250.4 months) for all surviving individuals. At the end of last
follow-up, 49 NUAT-NKTCL patients (53.3%) and 213 UAT-
NKTCL patients (32.0%) had died. The 5-year OS for NUAT-
NKTCL and UAT-NKTCL were 34.7% and 64.2%, respecti-
vely, which was significantly different (p < 0.001) (Fig. 1).
And the 5-year PFS rates for NUAT-NKTCL and UAT-NKT-
CL were 56.1% and 20.2%, respectively, which was also sig-
nificantly different (p < 0.001) (Fig. 1). The median OS and
PFS duration for NUAT-NKTCL were 30.9 and 12.7 months,
respectively, while the median OS and PFS duration for
NUAT-NKTCL were not reached and 95.4 months. 

Results of univariate analysis in NUAT-NKTCL are sum-
marized in Table 3. We found that patients with B symptoms,
elevated serum LDH, extranodal sites involvement ! 2, pres-
ence of hemophagocytosis, IPI score ! 3 or PINK score ! 3
(Fig. 2A and B) had significantly worse OS, whereas those
with B symptoms and presence of hemophagocytosis had
significantly worse PFS, compared with their counterparts
(Table 3). Different from UAT-NKTCL, Ann Arbor stage sys-
tem failed to predict OS or PFS in NUAT-NKTCL (Fig. 3). 
Patients who received RT had a significantly longer PFS (haz-
ard ratio [HR], 0.478; 95% confidence interval [CI], 0.265 to
0.861; p= 0.014) but not a significantly better OS (HR, 0.634;
95% CI, 0.328 to 1.224; p=0.174). Patients treated with chemo-
therapeutic regimens containing ASP tended to have a better
OS (HR, 0.601; 95% CI, 0.332 to 1.089; p=0.093) and PFS (HR,

0.673; 95% CI, 0.397 to 1.142; p=0.142), although the differ-
ences were not significantly different. Patients who achieved
CR after primary treatment had significantly better OS and
PFS than those did not, both with p-value of < 0.001.

In Table 4, multivariate analysis showed that B symptoms
(HR, 1.984; 95% CI, 1.005 to 3.916; p=0.048) and elevated
LDH levels (HR, 2.147; 95% CI, 1.067 to 4.319; p=0.032) were
both independently associated with worse OS. Presence of B
symptoms independently correlated with worse PFS (HR,
2.040; 95% CI, 1.137 to 3.661; p=0.017). 

Discussion

NUAT-NKTCL was considered as a unique subtype of
NKTCL since heterogeneity was found between UAT-NKT-
CL and NUAT-NKTCL in several previous studies [2-10], in
aspects of clinical characteristics, treatment response, prog-
nostic factors, and longterm survival. In this retrospective
single-center study, we comprehensively analyzed clinical
data of patients diagnosed with NUAT-NKTCL from 2001 to
2017, aiming to provide a better understanding of this entity.

The most common site of NUAT-NKTCL was the skin and
soft tissue (n=42, 45.7%), which was consistent with results
of published literature [3,5,7-10,16-19]. NUAT-NKTCL pati-
ents had a male to female ratio of 1.7:1 and the median age
of 35 years at diagnosis with 13.0% were older than 60, which
were similar to UAT-NKTCL patients. Similarly, several
studies had found no obvious difference between UAT-NKT-
CL and NUAT-NKTCL in terms of sex and age [2,4,7,8,10,20].
Overall, the NUAT-NKTCL cohort in this study presented
with a high-risk clinical profile. Consistent with results of

Cancer Res Treat. 2019;51(4):1557-1567

Variable
OS PFS

HR (95% CI) p-value HR (95% CI) p-value
Age (> 60 yr vs. " 60 yr) - - - -
ECOG score (! 2 vs. 0-1) - - - -
Stage (III-IV vs. I-II) - - - -
B symptoms (yes vs. no) 1.984 (1.005-3.916) 0.048 2.040 (1.137-3.661) 0.017
LDH (elevated vs. normal) 2.147 (1.067-4.319) 0.032 - -
Extranodal sites involvement (! 2 vs. 0-1) - - - -
Presence of hemophagocytosis - - - -

The hazard ratio gives the increase in risk for each unit increase for the continuous variables and gives the increased risk rel-
ative to the reference category for the categorical variables. NK, natural killer; OS, overall survival; PFS, progression-free
survival; HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydroge-
nase.

Table 4. Multivariate analysis of prognostic factors in patients with NK/T-cell lymphoma of non-upper aerodigestive tract
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previous studies, we found that more NUAT-NKTCL pati-
ents had ECOG scores ! 2 (42.4%) [2-5,10], involvement of
regional lymph nodes (51.7%) [3,5,7], involvement of distant
lymph nodes (28.1%), ! 2 extranodal sites (44.0%) [3,5,7,9],
involvement of bone marrow (11.0%), elevated serum LDH
(55.4%) [2-4,7,9,10], IPI score ! 3 (50.0%) [4-7,9,10], PINK
score ! 3 (36.3%) [21], and Ann Arbor stage III/IV (64.8%) 
[2-10,22]. The median of Ki-67 index was 70% for NUAT-
NKTCL patients, which was significantly higher than UAT-
NKTCL (60%) and indicated highly malignant features [8,9].
In conclusion, patients with NUAT-NKTCL had worse per-
formance status, more unfavorable prognostic factors, and
more advanced stage. 

Ann Arbor stage was proved to be an independent prog-
nostic factor of long term survival for NKTCL patients in
most studies. However, we found that Ann Arbor stage
could not predict OS or PFS for NUAT-NKTCL patients. An
explanation for this phenomenon is that nearly half of cases
originated at the skin and soft tissues, which were often
staged as stage III or IV in the Ann Arbor stage system 
although some had relatively favorable clinical outcomes.
Published researches had confirmed the prognostic values of
IPI score and PINK score in NKTCL [21,23]. Although both
of them could not significantly discriminate every risk sub-
group, high-intermediate risk group (IPI score=3) and high
risk group (IPI score=4, 5) of IPI, and 3 or 4 risk factors of
PINK predicted worse OS.

Approximately 70% of NUAT-NKTCL patients were trea-
ted with CT alone as primary treatment and only about 30%
received RT, which was different from UAT-NKTCL (only
29.0% accepted CT alone, p < 0.001) and in accord with 
results of previous studies [2,3,7,22]. The proportion of RT
administration between NUAT-NKTCL patients with lim-
ited and advanced-stage disease was also significantly dif-
ferent (46.9% vs. 18.6%, p < 0.001). More advanced stage
patients of NUAT-NKTCL somehow explained the much
lower proportion of RT administration, compared with UAT-
NKTCL. On the other hand, a curative dose of RT (usually
50 Gy) may not be suitable for some specific sites of primary
lesion in NUAT-NKTCL, such as the lungs, the GI tract, etc.
According to present evidences, UAT-NKTCL is sensitive to
RT and has a CR rate of 70% to 90% for limited-stage disease
[24-28]. We also found that a CR rate of 90.5% (362 of 400) in
limited-stage UAT-NKTCL patients whose treatment res-
ponse could be evaluated. However, the CR rate in limited-
stage NUAT-NKTCL patients was only 66.7% (10 of 15),
which was significantly lower (p=0.003). Besides, receiving
RT as part of the primary treatment did not significantly 
influence the CR rate or OS, although it did improve the ORR
and PFS. Considering the above results, the sensitivity of
NUAT-NKTCL to irradiation may need further exploring.
The CR rate and the ORR were 40.0% and 51.7% respectively

in patients received CT alone as primary treatment. Patients
treated with ASP-containing regimens tended to have higher
ORR and CR rate. CT should still be recommended in most
NUAT- NKTCL patients considering the high percentage of
advanced-stage disease. 

Univariate analysis found that patients with B symptoms,
elevated serum LDH levels, extranodal sites involvement 
! 2, and the presence of hemophagocytosis had significantly
worse OS, whereas those with B symptoms or presence of
hemophagocytosis had significantly worse PFS. High IPI
scores (! 3) and high PINK scores (! 3) both correlate with
worse OS. Administration of RT in primary therapy signifi-
cantly improved PFS but not OS. ASP-containing regimens
tended to be associated with better OS and PFS. Patients
achieved CR after primary treatment had significantly longer
OS and PFS. According to previous studies, these prognostic
factors are closely relevant to each other, which might result
in misleading interpretations of their prognostic values. Thus
we subsequently conducted a multivariate analysis to find
independent prognostic factors for NUAT-NKTCL. We
found that B symptoms and elevated serum LDH levels were
significantly correlated with worse OS, and presence of B
symptoms also predicted shorter PFS.

The 5-year OS for NUAT-NKTCL was 34.7% and the 
median OS duration was 30.9 months, which were better
than results of previous studies [2-10,16,29,30]. This might be
attributed to the development of therapeutic methods and
the improvement of supportive care during recent years.
However, long-term survival of NUAT-NKTCL was still
much worse than UAT-NKTCL.

There are limitations due to the retrospective nature of our
study. Patients with lesions located in both the UAT and
NUAT sites at initial presentation were classified as UAT-
NKTCL in our analysis. Some patients were treated with 
diverse chemotherapeutic regimens in primary treatment.
Moreover, some important data were not available for every
patient, such as serum LDH, plasma EBV DNA copy num-
ber, and so on. Further efforts should be made to focus on
the improvement of treatment and survival for NUAT-NKT-
CL in large scale multicenter studies.

In conclusion, NUAT-NKTCL is a distinctive subtype of
NKTCL in many aspects. Patients with NUAT-NKTCL have
relatively poorer performance status, more unfavorable
prognostic factors, more advanced stage, and poorer prog-
nosis. 
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Purpose

The diagnostic criteria of gastric intraepithelial neoplasia (IEN) are controversial across the

world. We investigated how many discrepancies occur in the pathologic diagnosis of IEN

and early gastric carcinoma in endoscopic submucosal dissection (ESD) specimens, and

evaluated the reasons of the discordance. 

Materials and Methods

We retrospectively reviewed 1,202 ESD specimens that were originally diagnosed as gastric

IEN and early carcinoma at 12 institutions.

Results

The final consensus diagnosis of carcinoma were 756 cases, which were originally 692 car-

cinomas (91.5%), 43 high-grade dysplasias (5.7%), 20 low-grade dysplasias (2.6%), and 1

others (0.1%), respectively. High- and low-grade dysplasia were finally made in 63 and 342

cases, respectively. The diagnostic concordance with the consensus diagnosis was the high-

est for carcinoma (91.5%), followed by low-grade dysplasia (86.3%), others (63.4%) and

high-grade dysplasia (50.8%). The general kappa value was 0.83, indicating excellent con-

cordance. The kappa values of individual institutions ranged from 0.74 to 1 and correlated

with the proportion of carcinoma cases. The cases revised to a final diagnosis of carcinoma

exhibited both architectural abnormalities and cytologic atypia. The main differential points

between low- and high-grade dysplasias were the glandular distribution and glandular shape.

Additional features such as the glandular axis, surface maturation, nuclear stratification,

and nuclear polarity were also important. 

Conclusion

The overall concordance of the diagnosis of gastric IEN and early carcinoma in ESD speci-

mens was excellent. It correlated with the proportion of carcinoma cases, demonstrating

that the diagnostic criteria for carcinoma are more reproducible than those for dysplasia.
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Introduction

Endoscopic submucosal dissection (ESD) is an important

treatment modality for intraepithelial neoplasias (IENs) 

including adenoma, dysplasia, and early gastric carcinoma

(EGC) with minimal risk of lymph node metastasis. The his-

tologic diagnosis of ESD specimens is critical for decision-

making for further treatments. However, there is conside-

rable discordance among pathologists, especially between

the East and West, in the diagnosis of IEN and EGC. Alth-

ough the Vienna and modified Vienna classifications [1,2]

were suggested to reduce discrepancies in the pathologic 

interpretation of IEN of the gastrointestinal tract, there is still

intra- and inter-observer variability. Standardization of the

morphologic criteria for the pathologic diagnosis of gastric

IEN is necessary to minimize confusion in clinical practice.

The aim of this study was to assess the inter-observer repro-

ducibility of IEN and early cancer diagnoses in gastric ESD

specimens and to evaluate the pathologic findings resulting

in diagnostic discrepancies.

Materials and Methods

1. Materials

Twelve institutions in Korea were involved in this study

that actively perform ESD, and a study group (NECA-Korea

ESD for early gastric cancer prospective study: N-Keep

study) was organized. From June 2010 to May 2011, experi-

enced endoscopists performed ESD for gastric adenomas

(dysplasias) and EGCs that satisfied all the following inclu-

sion criteria : (1) patients 20 years of age or older, (2) lesions

less than 3 cm in length based on endoscopic findings, (3)

adenoma or differentiated type (well or moderately differ-

entiated) adenocarcinoma based on histologic examination

of endoscopic biopsy tissue, (4) absence of ulcers in the 

lesion, and (5) no metastasis based on abdominal computed

tomography findings prior to the procedure. ESD specimens

were sent to the pathology lab at each institution, where they

were fixed immediately in 10% buffered formalin for more

than 4 hours. Then, paraffin blocks and hematoxylin and

eosin–stained slides were made according to standard pro-

tocols.

2. Methods

Consensus diagnoses were made in a consensus board

meeting composed of 16 pathologists with expertise in gas-

trointestinal pathology, the same method described in a pre-

vious manuscript [3]. In total, 1,202 ESD specimens collected

from 1,138 patients were used. The final pathologic diag-

noses were grouped as carcinoma (CA), high-grade dyspla-

sia (adenoma with high-grade dysplasia [HG]), low-grade

dysplasia (adenoma with low-grade dysplasia [LG]), and

others (regeneration, gastritis, no residual tumor, etc.). The

diagnostic criteria for CA were based on invasion, per West-

ern standards.

After all the consensus meetings had been held, four expert

pathologists (J.H.S., S.Y.J., M.Y.C., and J.M.K.) reviewed the

157 cases with discrepancies between the original and final

diagnoses and analyzed the cause of discrepancy.

3. Statistical analysis

The agreement between the original and final diagnosis at

each hospital was assessed with Cohen’s kappa or weighted

kappa statistic (for ordinal data with ! 3 categories). The 

estimated kappa statistic was interpreted as follows: < 0.20,

poor; 0.20 to < 0.40, fair; 0.40 to < 0.60, moderate; 0.60 to 

< 0.80, good; and 0.80 to 1.00, excellent agreement. The rela-

tionship between the kappa statistic and the cancer rate was

examined by Spearman’s correlation analysis. The differ-

ences in kappa values between hospitals were tested with the

Wald statistic, z=                  for an estimated kappa at

hospital i, which asymptotically follows a standard normal

distribution. For adjustments for multiple comparisons, we

used the Bonferroni method [4]. Statistical significance was

accepted for p-values < 0.05 (two-tailed). Statistical analysis

was performed with R software ver. 3.5.0 (https://www.

r-project.org/, ‘rel’ package).

4. Ethical statement

This study was performed after approval from the Institu-

tional Review Board of The National Evidence-based Health-

care Collaborating Agency (NECA) (approval number:

NECA IRB09-013) in accordance with the principles of the

Declaration of Helsinki. Written informed consents were 

obtained.

Results

1. Comparison between original diagnosis and final con-
sensus diagnosis 

There were discrepancies between the original and consen-

sus diagnoses in 157 of the 1,202 cases (13.1%). The final 

Kl 
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var(K1) +var(K2)
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diagnoses of the patients included 756 CA (62.9%), 63 HG
(5.2%), 342 LG (28.5%) and 41 other (3.4%) cases. Among the
756 CA cases, the original diagnoses included 692 CA
(91.5%), 43 HG (5.7%), 20 LG (2.6%), and one regeneration
(0.1%). Among the 63 cases of HG, the original diagnoses
were CA, HG, LG and regeneration in 12 (19.0%), 32 (50.8%),
19 (30.2%), and 0 case, respectively. Among the 342 cases of
LG, 13 (3.8%), 31 (9.1%), 295 (86.3%), and three (0.9%) were
originally diagnosed as CA, HG, LG, and regeneration, 
respectively. Among the 41 other cases, two (4.9%), three
(7.3%), 10 (24.4%), and 26 (63.4%) cases were originally diag-
nosed as CA, HG, LG, and regeneration, respectively. There-
fore, the highest accuracy was seen in the CA (91.5%) group,
followed by the LG (86.3%), other (63.4%), and HG (50.8%)
groups. The comparison of the original and final diagnoses
is shown in Table 1. 

The disease composition varied among the institutions that
participated in the study. For example, institution A had the
highest CA incidence (42/43, 97.7%), with only one case of
LG (1/43, 2.3%). The lowest rate of CA (45.5%) was found at
institution L. The composition of the original and final diag-
noses at each institution is shown in Table 2.

2. Assessment of kappa value 

The total weighted kappa value including all the institu-
tions was 0.83, indicating excellent agreement. To evaluate
the gray zone effect of CA vs. HG and LG vs. HG, regrouping
of disease were performed. When HG was combined with
CA or LG, the kappa values were 0.82 and 0.83, respectively
(Table 3). The kappa value between the CA group and the
non-CA group was 0.84. All these kappa values were simi-
larly high, so the diagnostic agreement was excellent in gen-
eral. 

In contrast, the kappa values of the institutions varied from
0.74 to 1, and this was related to the cancer incidence (Table 2).
For institution A, which had the highest CA ratio (42/43,
97.7%), the kappa value was 1. In contrast, institution L,
which had the lowest CA rate (46/121, 45.5%), had a much

lower kappa value of 0.75. The weighted kappa value of each
institution correlated statistically with the cancer incidence
(Spearman’s correlation analysis, p=0.02), but not with the
HG, LG and other groups. The kappa value of institution A
differed significantly (p < 0.05) from those of five other insti-
tutions (D, G, H, I, and L), but did not differ from those of
the remaining institutions in a Bonferroni examination. Alth-
ough the kappa value was different at each institution, these
differences were considered to be minor.

3. Assessment of pathologic findings in discrepant cases

1) Cases revised as CAs

Sixty-four cases (8.5%) originally diagnosed as non-CA
were finally diagnosed as CA based on pathological charac-
teristics. On the other hand, 27 of the 719 cases (3.8%) origi-
nally diagnosed as CA were finally diagnosed as non-CA;
thus, there was a higher frequency of under-diagnosis than
over-diagnosis. In some cases, the specimen condition was
poor and the correct diagnosis was difficult to make. The
pathologic characteristics observed in CA were structural
and cellular atypia. Structural abnormalities could be obser-
ved in low-, medium-, and high-power views. The charac-
teristics of CA observed at low magnification were irregular
gland shapes, sizes and distributions and a loss of gland 
polarity. In some instances, the fusion of glands that main-
tained polarity was observed (Fig. 1A). At low and medium
power, glandular fusion, irregular branching and sometimes
small glands at the base of the lamina propria were observed
(Fig. 1B and D). At high magnification, invasion could be 
observed (Fig. 1C and F). The outside of the basement mem-
brane was irregular and angular glands were present (Fig. 1B,
C, and F).

If cytological atypia such as hyperchromasia and pleomor-
phism was observed to be very severe, even though without
great architectural abnormality, these cases could be diag-
nosed as CA (Fig. 1G-I). In addition, the glandular epithelial
cells were observed to have a single-layer arrangement,

Original Dx
Final Dx

Total
CA HG LG Others

CA 692 (91.5) 12 (19.0) 13 (3.8) 2 (4.9) 719
HG 43 (5.7) 32 (50.8) 31 (9.1) 3 (7.3) 109
LG 20 (2.6) 19 (30.2) 295 (86.3) 10 (24.4) 344
Others 1 (0.1) 0 ( 3 (0.9) 26 (63.4) 30
Total 756 (100) 63 (100) 342 (100) 41 (100) 1,202

Values are presented as number (%). Dx, diagnosis; CA, carcinoma; HG, high-grade dysplasia; LG, low-grade dysplasia.

Table 1. Comparison between the original and final pathologic diagnoses
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No. Institution Original
Final

Total Kappa Weighted
CA HG LG RA kappa

1 A CA 42 0 0 0 43 1 1

HG 0 0 0 0

LG 0 0 1 0

RA 0 0 0 0

2 B CA 98 3 0 0 110 0.68 0.80

HG 1 2 0 0

LG 0 2 3 0

RA 0 0 0 1

3 C CA 90 0 3 0 124 0.88 0.89

HG 0 2 1 0

LG 1 1 26 0

RA 0 0 0 0

4 D CA 75 2 2 0 123 0.67 0.74

HG 4 2 3 0

LG 6 2 24 1

RA 0 0 0 2

5 E CA 27 0 0 0 49 0.68 0.82

HG 6 2 1 0

LG 0 0 8 2

RA 0 0 0 3

6 F CA 29 0 0 0 54 0.73 0.81

HG 5 3 0 0

LG 1 2 14 0

RA 0 0 0 0

7 G CA 64 3 2 0 119 0.68 0.78

HG 7 4 6 0

LG 2 1 28 0

RA 0 0 0 2

8 H CA 37 0 0 0 74 0.72 0.79

HG 3 2 1 0

LG 4 2 22 2

RA 0 0 0 1

9 I CA 129 2 1 2 266 0.80 0.86

HG 9 8 7 0

LG 2 6 89 3

RA 0 0 0 8

10 J CA 27 0 1 0 59 0.71 0.81

HG 2 0 6 0

LG 1 0 20 0

RA 0 0 0 2

11 K CA 28 0 2 0 60 0.77 0.83

HG 0 0 4 0

LG 1 1 22 0

RA 0 0 0 2

12 L CA 46 2 2 0 121 0.69 0.75

HG 6 7 2 3

LG 2 2 38 2

RA 1 0 3 5

Total 756 63 342 41 1,202

CA, carcinoma; HG, high-grade dysplasia; LG, low-grade dysplasia; RA, others.

Table 2. Comparison between the original and final pathologic diagnoses in individual institution

Joon Mee Kim, Reproducibility of the Diagnosis in Gastric ESD

VOLUME 51 NUMBER 4 OCTOBER 2019 1571



round nuclei, vesicular chromatin, nuclear polarity loss, sur-
face epithelial crowding and stratification in CA cases (Fig. 1E,
H, and I). The observation of surface epithelial atypia was
helpful for diagnosis. In particular, the difference between
regenerating change and CA was that surface atypia and 
invasion existed in CA (Fig. 1E, 2G, and H). During the 
observation of surface cells, areas where the cells are well
maintained should be selected. The pathologic characteristics
of CA were summarized in Table 4.

2) Cases revised as high- and low-grade dysplasia

Among the 719 cases originally diagnosed as CA, 12 cases
were revised to HG and 13 cases were revised to LG. In addi-

Table 3.  Kappa value according to the disease categoriza-
tion

CA, carcinoma; HG, high-grade dysplasia; LG, low-grade
dysplasia.

Disease category Kappa Weighted kappa
CA/HG/LG/Others 0.76 0.83
CA+HG/LG/Others 0.81 0.82
CA/HG+LG/Others 0.82 0.83
CA/HG/LG+Others 0.83 0.83
CA+HG/LG+Others 0.83 0.83
CA/Non-CA 0.84 0.84

Fig. 1.  Examples of underdiagnosed cases. (A-C) Carcinoma originally diagnosed as high-grade dysplasia. (A) Although
the glandular polarity is maintained, irregular branching and fusion of glands are observed (!40). (B) Irregular branching of
glands, papillary growth into the lumen, and focal surface maturation is present. A few angular glands are found 
(arrows, !200). (C) In high power view, invasion of tumor cells into the lamina propria is present (arrow). Blurring of the
outside of basement membrane is also present (arrow head). The nucleus shows vesicular chromatin and prominent nucleoli
(!400). (D-F) Carcinoma originally diagnosed as low-grade dysplasia. (D) Low power view shows maintained glandular 
polarity but small glandular proliferation in basal portion (arrowhead) of the lesion (!40). (E) Crowding, stratification and
atypia of surface epithelia are present (!400). (F) Invasions and blurring of basement membrane are identified in high power
view (arrows, !400). (G-I) Carcinoma showing obvious cytologic atypia originally diagnosed as high-grade dysplasia. (G)
Hyperchromasia is easily noted in low power view (!40). (H) Not only marked cytologic atypia but also structural abnor-
mality such as glandular branching and fusion is present. Definite invasion is not found (!200). (I) Marked cytologic atypia
is present showing single-layer arrangement, prominent nucleoli and vesicular chromatin. In careful examination, minute
invasions are identified (arrows, !400).

A

I

B C

G H

FED

Cancer Res Treat. 2019;51(4):1568-1577

1572 CANCER  RESEARCH  AND  TREATMENT



Table 4.  Pathologic characteristics of carcinoma

Magnification Characteristic Example (Figures)

Low 1. Irregular size and shape of glands 1G

2. Irregular distribution (density) of glands 1G

3. Loss of polarity of glands 1G

4. Fusion of glands 1A

Medium 1. Fusion of glands 1B, H

2. Irregular branching 1B, H

3. Small glands in lamina propria 1D

High

Structure 1. Invasion 1C, F

2. Irregular basement membrane 1C, F, I

3. Angular glands 1B

Cytology 4. Extreme atypia (hyperchromasia, pleomorphism) 1I

5. Round nuclei 1C, F, I

6. Vesicular chromatin 1C, F, I

7. Nuclear polarity loss 1C, F, I

8. Surface epithelial crowding and stratification 1E

Fig. 2.  Examples of over-diagnosed cases. (A, B) Low-grade dysplasia originally diagnosed as high-grade dysplasia. (A) At

low power, the glands are evenly distributed and not crowded. The size and shape of glands are relatively uniform without

branching or papillary projection. However, polarity loss of glandular axis is present (!40). (B) Intraepithelial neutrophilic

infiltration may cause marked nuclear stratification in low-grade dysplasia (!400). (C, D) Another example of low-grade

dysplasia originally diagnosed as high-grade dysplasia. (C) The superficial portion of glands are irregularly proliferated

due to regenerative change, mimicking high-grade dysplasia. However, the glands in deeper portion are evenly distributed

and not crowded (!40). (D) The glandular epithelia show intraglandular proliferation, tufting and papillary features but

surface maturation is evident (arrows). Atypical cytologic features such as nuclear pleomorphism, vesicular chromatin pat-

tern, and prominent nucleoli are occasionally found (!400). (E, F) High-grade dysplasia originally diagnosed as carcinoma.

(E) Low power view demonstrates uneven distribution of glands with loss of polarity in the left side (!40). (F) Intraglandular

proliferation, tufting and papillary features with cellular atypia is present. Atypical nuclear features mimicking carcinoma

such as polarity loss and vesicular chromatin are focally present (!400). (G, H) Regenerative change originally diagnosed as

carcinoma. (G) Glandular branching and irregularity are mimicking carcinomas (!40). (H) Stratification or hyperchromasia

of the surface epithelium is not evident in regenerative change (!400).

A B C

G HFE

D
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tion, 31 of the 109 cases originally diagnosed as HG were 

revised to LG, and conversely, 19 of the 344 cases originally

diagnosed as LG were revised to HG. After reviewing these

low- and high-grade dysplasia cases, we identified several

characteristics important for differentiation (Table 4): (1) at

low magnification, the glandular distribution was even in LG

(Fig. 2A-D), but was irregularly crowded in HG (Fig. 2E). (2)

LG had an evenly distributed and regular glandular shape

(Fig. 2A-D), but HG displayed structural abnormalities such

as irregular shapes, intraglandular proliferation, tufting and

papillary features with cellular atypia (Fig. 2F). However,

tufting and papillary features could be seen in LG cases 

associated with regeneration, which need careful concern

(Fig. 2C and D). (3) The overall axis of the gland was not 

important for distinguishing HG from LG (Fig. 2A and B).

Polarity loss of the glandular axis was observed primarily in

HG (Fig. 2E), but not necessarily. (4) Surface maturation was

helpful for distinguishing LG from HG (Fig. 2D). Surface

maturation of glands could be seen in both LG and HG, even

in CA, but it was usually focal in HG. If surface maturation

was widely present, LG was more favorable. (5) If the nuclear

stratification was less than half of the epithelial cell height,

LG was favored, but if the nuclear stratification was severe,

the possibility of HG was high. However, severe cell prolif-

eration did not necessarily indicate HG, so it was necessary

to judge structural abnormalities together. In addition to the

architecture, nuclear features such as polarity loss and cellu-

lar atypia were important for differentiating between LG and

HG. If the polarity loss of the nucleus was localized, the case

could be diagnosed as HG rather than CA (Fig. 2F). (6) In

cases of LG associated with erosion, inflammation and 

regeneration, there was a high possibility of misdiagnosing

LG as HG or CA due to nuclear atypia (such as vesicular

chromatin and prominent nucleoli), especially at high mag-

nification (Fig. 2D). In addition, intraglandular lymphocyte

or neutrophil infiltration could increase the possibility of

over-diagnosing HG (Fig. 2B), so careful examination is 

important at higher magnifications. The presence of a brush

border could favor LG, but can also be seen in HG. The

pathologic characteristics of LG and HG were summarized

in Table 5. 

Diagnostic pitfalls were present in non-neoplastic lesions

originally diagnosed as IEN. For the differentiation between

regenerating change and CA, cellular atypia of glands was

extending into the surface epithelium in CA (Fig. 1E) but not

in regeneration. The identification of definite invasion was

important for cancer diagnosis, also. Non-neoplastic lesions

exhibiting artifacts, improper/bad staining, erosion or regen-

eration and focality could be misdiagnosed as neoplastic 

lesions.

Discussion

The pathologic diagnosis of gastric IEN and EGC is impor-

tant for the selection of the appropriate therapeutic options.

However, there has been controversy among pathologists 

regarding the classification of these lesions, especially bet-

Table 5.  Differential points of high- and low-grade dysplasia

LG, low-grade dysplasia; HG, high-grade dysplasia.

Characteristic LG HG

Structure

Gland distribution Even Crowded

Gland shape Regular Irregular/intraglandular proliferation

Gland axis polarity Present/loss Loss

Surface maturation Present Absent

Nuclear stratification Less than half More than half

Cytology

Nuclear polarity loss Absent Present

Brush border Present Absent/present

Pitfall

Tufting and papillae in regeneration

Polarity loss of glandular axis in LG

Severe nuclear stratification in LG

Brush border in HG

Caution when erosion, inflammation, regeneration, and/or intraglandular inflammatory cell infiltration are associated

Cancer Res Treat. 2019;51(4):1568-1577

1574 CANCER  RESEARCH  AND  TREATMENT



ween the East and West. In the West, the terms gastric ade-
noma (for raised lesions) and gastric dysplasia (for flat/
depressed lesions) are used, whereas in Japan, the term bor-
derline lesion (groups 3 or 4) is used instead [5-7]. Not only
the terminology, but also the criteria for CA differ between
Western and Japanese pathologists. In Japan, the diagnosis
of gastric CA is based on cytologic criteria, while in the West,
gastric CA is diagnosed if invasion is detected [8]. Interna-
tional efforts have been made to reduce this confusion such
as the Vienna classification [1] and Padova classification [9].
The diagnostic concordance rate for gastric lesions increased
to 80% following the introduction of the revised Vienna clas-
sification. However, this classification system is not perfect,
and diagnostic discrepancies still exist not only between the
East and West but also among the pathologists in the same
nation [10-12].

Since Korea is geographically close to Japan, academic 
exchanges have been frequent. The endoscopic mucosal 
resection/ESD technology in Korea was mainly introduced
by Japan. There has been much discussion and cooperation
between the two countries, not only among endoscopists, but
also among pathologists. However, since Korean medicine
developed mainly under Western influence, doctors in Korea
are familiar with Western-style medical terminology. Thus,
the terms, definitions and diagnostic criteria for gastric IEN
and early CA in Korea are highly heterogeneous due to the
combination of Western and Japanese influences. 

On the other hand, this situation has been helpful in high-
lighting the differences in diagnostic criteria between Japan
and the West and in demonstrating their strengths and weak-
nesses. As a result, more scientific and meaningful diagnostic
criteria have been established, and efforts have been made
to standardize the diagnosis of gastric IEN and early CA in
Korea after a period of confusion. Invasion is the diagnostic
criterion for gastric cancer in Korea, as in the West, but both
cytological and structural atypia should be considered. 
Because the incidence of gastric IEN and CA is high, Korean
pathologists are more familiar with gastric biopsy and can
better identify invasion. Thus, it may appear that the diag-
nosis is based on cytology in Korea as it is in Japan, but this
is likely because even the smallest invasion is recognized and
diagnosed as CA. Korean pathologists have gradually stan-
dardized their diagnostic criteria after a season of chaos [13].
Nevertheless, there has not yet been a large-scale study on
the diagnostic consistency of Korean pathologists.

To promote diagnostic consensus, NECA planned a 
nation-wide study to evaluate both clinical and pathological
features in ESD-performed patients. In our study, we evalu-
ated inter-observer differences, diagnostic features of IEN
and early CA, and pathological characteristics contributing
to discordance in ESD specimens. The diagnostic agreement
rate of Korean gastrointestinal pathologists was excellent

(k=0.83). This indicates that the existing criteria for cancer
are working well and the inter-observer discrepancy rate in
judging invasion is low. In the review of the literature, we
could find two reports concerning the inter-observer repro-
ducibility of histologic classification of gastric cancer [14,15].
Palli et al. [14], the study in Italy, reported agreement in his-
tologic classification for about 70%-80% of 100 gastric can-
cers. The kappa was 0.34-0.64 (median, 0.51) among six
pathologists when they applied WHO system. In our study,
the kappa value of 12 institutions was 0.67-1, although the
study design was different. Another study about inter-
observer variation in the diagnosis of gastric epithelial dys-
plasia and CA between two pathologists in Japan and Korea
[15] revealed that the agreement rate of diagnosis was 73.8%
(31/42 cases). The most common disagreement occurred in
the diagnosis of adenoma with high-grade dysplasia (9/17
cases, 52.9%): eight cases diagnosed as adenocarcinoma by
the Japanese pathologist were diagnosed as high-grade dys-
plasia by the Korean pathologist. 

The kappa value correlated statistically with the cancer
proportion at each institution. In the case of institution A, 
almost all cases were CA, and the kappa value was 1. The
highest kappa value was achieved when cases were grouped
as cancer vs. non-cancer. On the other hand, the higher inter-
observer discrepancy was present in diagnoses of LG and
HG. The discrimination between low- and high-grade dys-
plasia is subjective because it depends on the quantitative 
degree of structural and cytologic abnormalities. So, the
chance of intervention of pathologist’s subjective judgment
is more likely.

The histological evidence of invasion includes infiltration
of the stroma by single cells or small clusters of cells, the
presence of a stromal response such as desmoplasia, and 
evidence of lymphovascular invasion [16]. Stromal desmo-
plasia and lymphovascular invasion are difficult to identify
in cases of very early invasion. In our study, we found that
careful observation should be performed to identify invasion
if there are irregularities outside the glandular basement
membrane, severe structural or cytological atypia, angular
glands or atypical single-layered glandular epithelial cells
having vesicular nuclei. Although the presence of invasion
is the essential criterion for differentiating CA from HG, 
cytologic atypia are also very important. If the extent of
atypia is too great for dysplasia but there is no definite inva-
sion, more careful examination and serial sectioning are nec-
essary. Minute invasions are very difficult to identify, so
under-diagnosis was more common than over-diagnosis:
5.7% (43/756) and 2.6% (20/756) of original HG and LG cases
were revised to CA, while only 1.7% (12/719) and 0.8%
(13/719) of original CA cases were revised to HG and LG,
respectively. In terms of the total number of cases, the rate
of under-diagnosing CA as HG was 3.6% (43/1,202), and this
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was mostly due to unrecognized invasions. Especially in

cases of well-differentiated adenocarcinoma, the detection of

single or small clusters of cells suggesting lamina propria 

invasion was very difficult due to the usual features of well-

formed glands. 

The total rate of over-diagnosing HG as CA was only 1.0%

(12/1,202). In most cases, there was inter-observer discrep-

ancy regarding the invasion. When the lesion displayed 

irregularly-sized/shaped or branching glands with more 

cytological atypia than a usual adenoma, CA was suspected.

Most over-diagnosed cases did not exhibit invasion, but dis-

played cytologic atypia. A noteworthy point is that tangen-

tial cutting or portions of glandular epithelial cells resem-

bling small clusters of invasion led to the incorrect diagnosis

of invasion. At high magnification, nuclear features such as

nucleoli may be exaggerated, increasing the possibility of

over-diagnosis. Thus, microscopic diagnosis should be per-

formed at low magnification to evaluate the general distri-

bution, variability, size and shape of the glands, as well as

polarity and nuclear features. 

Most gastric dysplasias are of the intestinal phenotype and

contain crowded, tubular glands displaying nuclear stratifi-

cation, pencil-like hyperchromatic nuclei, inconspicuous 

nucleoli, and mucin depletion, without surface maturation

[17]. In the case of low-grade dysplasia, architectural abnor-

malities are minimal and the severity of cytologic atypia is

only mild to moderate. The columnar cells contain stratified

but polarized nuclei, most of which are basally located,

below the half of the cytoplasm with mild to moderate mito-

tic activity. In high-grade dysplasia, the architectural disar-

ray is more pronounced. The glandular cells become cuboi-

dal in shape, with a high nucleus-to-cytoplasm ratio, nuclear

stratification over half of the cytoplasm, loss of nuclear pola-

rity, prominent amphophilic nucleoli and numerous mitoses,

which can be atypical [16]. In spite of these criteria, HG is

sometimes very difficult to distinguish. In our study, there

was a high rate of revising HG to LG (31/109 cases, 28.4%),

but a rather low rate of revising LG to HG (19/344 cases,

4.8%). This illustrates the high possibility of over-diagnosing

LG as HG in cases with focal or more atypical features that

nevertheless fall short of the diagnosis of HG. We also sus-

pect that pathologists tend to be conservative in diagnosing

CA but aggressive in diagnosing the dysplasia grade in 

ambiguous cases, because there is less responsibility of treat-

ment option and less harm to patients leading to the close

follow-up. Based on this study, we can suggest the following

as useful points for distinguishing LG from HG: the degree

of glandular crowding, the irregularity of the glands, the

amount of inter-glandular lamina propria and the presence

or absence of glandular axis polarity loss. In addition, nuclear

stratification extending into the luminal aspect more than

half of the cell height in a few contiguous glands [18] seems

to be helpful in diagnosing HG. 

Regenerative atypia is a diagnostic pitfall in gastric biop-

sies because it is difficult to distinguish from adenocarci-

noma. However, this misdiagnosis was very rare for our ESD

specimens. This was presumably due to sufficient specimen

volumes and careful diagnoses.

Additionally, the differential diagnosis of CA was difficult

in cases of gastritis cystica profunda with dysplastic glands

in the muscularis mucosa or submucosa. In such cases,

overtly malignant cytologic atypia such as marked pleomor-

phism and vesicular chromatin were important for differen-

tial diagnosis. If desmoplastic reactions, single cells or small

clusters of cells were present, the diagnosis of CA was eas-

ier.

In summary, the overall reproducibility of the diagnosis of

gastric IEN and early CA in ESD specimens was excellent.

The concordance correlated with the proportion of CA cases,

demonstrating that the diagnostic criteria for CA are more

reproducible than those for dysplasia. Further study is

needed to establish the pathologic characteristics of CA and

dysplasia so that diagnosis can be standardized. Caution

should be exercised when secondary changes such as inflam-

mation, erosion and regeneration are observed and the lesion

is very focal. 

Conflicts of Interest

Woo Ho Kim, a contributing editor of the Cancer Research and

Treatment, was not involved in the editorial evaluation or decision

to publish this article. All remaining authors have declared no con-

flicts of interest.

Acknowledgments

This study was conducted as part of project number NA2014-001

funded by the National Evidence-based Healthcare Collaborating

Agency (NECA) in Korea.

Author Details

1Department of Pathology, Inha University School of Medicine, 

Incheon, 2Department of Pathology, Kangbuk Samsung Hospital,

Sungkyunkwan University School of Medicine, Seoul, 3Department

of Pathology, Yonsei University Wonju Severance Christian Hospi-

tal, Wonju, 4Department of Pathology, Seoul National University

College of Medicine, Seoul,  5Department of Pathology, Kosin Uni-

versity College of Medicine, Busan, 6Department of Pathology, Seoul

St. Mary’s Hospital, College of Medicine, The Catholic University

of Korea, Seoul, 7Department of Pathology, National Cancer Center,

Goyang, 8Department of Pathology, Soonchunhyang University

Seoul Hospital, Seoul, 9Department of Pathology, Korea University

College of Medicine, Seoul, 10Department of Pathology, Asan Med-

Cancer Res Treat. 2019;51(4):1568-1577

1576 CANCER  RESEARCH  AND  TREATMENT



ical Center, University of Ulsan College of Medicine, Seoul, 11Depart-
ment of Pathology, Inje University Busan Paik Hospital, Busan, 12De-
partment of Pathology, Yonsei University College of Medicine,
Seoul, 13Department of Pathology, Chonnam National University
Hwasun Hospital, Hwasun, 14Department of Pathology, Pusan 
National University College of Medicine, Busan, 15Department of
Pathology, Samsung Medical Cancer, Sungkyunkwan University

School of Medicine, Seoul, 16Department of Biomedical Sciences,
Inha University School of Medicine, Incheon, 17Department of Inter-
nal Medicine, Inje University Busan Paik Hospital, Busan, 18Depart-
ment of Gastroenterology, Asan Medical Center, University of Ulsan
College of Medicine, Asan Digestive Disease Research Institute,
Seoul, 19Department of Statistics, Inha University, Incheon, 20Natio-
nal Evidence-based Healthcare Collaborating Agency, Seoul, Korea

1. Schlemper RJ, Riddell RH, Kato Y, Borchard F, Cooper HS,
Dawsey SM, et al. The Vienna classification of gastrointestinal
epithelial neoplasia. Gut. 2000;47:251-5.

2. Dixon MF. Gastrointestinal epithelial neoplasia: Vienna revis-
ited. Gut. 2002;51:130-1.

3. Kim JM, Sohn JH, Cho MY, Kim WH, Chang HK, Jung ES, et
al. Pre- and post-ESD discrepancies in clinicopathologic crite-
ria in early gastric cancer: the NECA-Korea ESD for Early Gas-
tric Cancer Prospective Study (N-Keep). Gastric Cancer. 2016;
19:1104-13.

4. Benjamini Y, Hochberg Y. Controlling the false discovery rate:
a practical and powerful approach to multiple testing. J R Stat
Soc Series B. 1995;57:289-300.

5. Goldstein NS, Lewin KJ. Gastric epithelial dysplasia and ade-
noma: historical review and histological criteria for grading.
Hum Pathol. 1997;28:127-33.

6. Riddell RH, Iwafuchi M. Problems arising from eastern and
western classification systems for gastrointestinal dysplasia
and carcinoma: are they resolvable? Histopathology. 1998;33:
197-202.

7. Schlemper RJ, Kato Y, Stolte M. Review of histological classi-
fications of gastrointestinal epithelial neoplasia: differences in
diagnosis of early carcinomas between Japanese and Western
pathologists. J Gastroenterol. 2001;36:445-56.

8. Schlemper RJ, Itabashi M, Kato Y, Lewin KJ, Riddell RH, Shi-
moda T, et al. Differences in diagnostic criteria for gastric car-
cinoma between Japanese and western pathologists. Lancet.
1997;349:1725-9.

9. Rugge M, Correa P, Dixon MF, Hattori T, Leandro G, Lewin
K, et al. Gastric dysplasia: the Padova international classifica-

tion. Am J Surg Pathol. 2000;24:167-76.
10. Kasamatsu E, Bravo LE, Bravo JC, Aguirre-Garcia J, Flores-

Luna L, Nunes-Velloso Mdel C, et al. Reproducibility of his-
topathologic diagnosis of precursor lesions of gastric carci-
noma in three Latin American countries. Salud Publica Mex.
2010;52:386-90.

11. Ahn S, Park DY. Practical points in gastric pathology. Arch
Pathol Lab Med. 2016;140:397-405.

12. Zhao G, Xue M, Hu Y, Lai S, Chen S, Wang L. How commonly
is the diagnosis of gastric low-grade dysplasia upgraded fol-
lowing endoscopic resection? A meta-analysis. PLoS One.
2015;10:e0132699.

13. Kim JM, Cho MY, Sohn JH, Kang DY, Park CK, Kim WH, et
al. Diagnosis of gastric epithelial neoplasia: Dilemma for 
Korean pathologists. World J Gastroenterol. 2011;17:2602-10.

14. Palli D, Bianchi S, Cipriani F, Duca P, Amorosi A, Avellini C,
et al. Reproducibility of histologic classification of gastric can-
cer. Br J Cancer. 1991;63:765-8.

15. Kushima R, Kim KM. Interobserver variation in the diagnosis
of gastric epithelial dysplasia and carcinoma between two
pathologists in Japan and Korea. J Gastric Cancer. 2011;11:
141-5.

16. Bosman FT, Carneiro F, Hruban RH, Theise ND. WHO classi-
fication of tumours of the digestive system. 4th ed. Lyon:
IARC Press; 2010. p. 10-4, 56.

17. Jass JR. A classification of gastric dysplasia. Histopathology.
1983;7:181-93.

18. Kim WH, Park CK, Kim YB, Kim YW, Kim HG, Bae HI, et al.
A standardized pathology report for gastric cancer. Korean J
Pathol. 2005;39:106-13.

References

Joon Mee Kim, Reproducibility of the Diagnosis in Gastric ESD

VOLUME 51 NUMBER 4 OCTOBER 2019 1577



│ https://www.e-crt.org │1578 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(4):1578-1588

pISSN 1598-2998, eISSN 2005-9256

https://doi.org/10.4143/crt.2018.671

Open Access
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Carcinoma
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Purpose
Temsirolimus is effective in the treatment for metastatic non-clear cell renal cell carcinoma
(nccRCC) with poor prognosis. We aim to investigate the efficacy and tolerability of tem-
sirolimus in treatment of naïve Asian patients with metastatic/recurrent nccRCC.

Materials and Methods
From January 2008 to July 2017, data of treatment-naïve, metastatic/recurrent nccRCC
patients, who were treated with temsirolimus according to the standard protocol, were col-
lected. The primary end-point was progression-free survival (PFS). Secondary end points
were overall survival (OS), objective response rate (ORR), and tolerability of temsirolimus.

Results
Forty-four metastatic/recurrent nccRCC patients, 10 from prospective and 34 from retro-
spective groups, were enrolled; 24 patients (54%) were papillary type, and other histology
subtypes included 11 chromophobes (25%), two collecting ducts (5%), one Xp11.2 translo-
cation (2%), and six others (14%). The median PFS and OS were 7.6 months and 17.6
months, respectively. ORR was 11% and disease control rate was 83%. Patients with prior
nephrectomy had longer PFS (hazard ratio [HR], 0.16; 95% confidence interval [CI], 0.06 to
0.42; p < 0.001) and OS (HR, 0.15; 95% CI, 0.05 to 0.45; p < 0.001). Compared to favor-
able/intermediate prognosis group, poor prognosis group had shorter median PFS (4.7
months vs. 7.6 months [HR, 2.91; 95% CI, 1.39 to 6.12; p=0.005]) and median OS (9.2
months vs. 17.6 months [HR, 2.84; 95% CI, 1.23 to 6.56; p=0.015]).  

Conclusion
Temsirolimus not only benefits poor-risk nccRCC patients, but it is also effective in favorable
or intermediate-risk group in Asians. Temsirolimus was well-tolerated with manageable 
adverse events.

Key words
Temsirolimus, First-line, Asian, Renal cell carcinoma, Efficacy, 
Tolerability
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Introduction

Renal cell cancer (RCC) is a heterogeneous disease that is

diversified by its pathologic subtypes, genetic alterations,

and clinical outcomes [1,2]. It is mainly divided into two

pathological subtypes based on pathologic phenotype, clear

cell, and non-clear cell types, with the latter defined as less

than 50% of clear cells [3].

The incidence of non-clear cell RCC (nccRCC) is no more

than 8%-20% [4]. Its rarity and poor prognosis have made it

difficult to determine the best treatment option. In recent

years, tyrosine kinase inhibitors (TKIs) targeting vascular 

endothelial growth factor receptor (VEGFR) pathways, such

as sunitinib [5,6] and sorafenib [7,8], and mammalian target

of rapamycin (mTOR) inhibitors, such as temsirolimus [9,10]

and everolimus [11,12], have been developed for the treat-

ment of advanced/metastatic RCC [13]. Temsirolimus is an

inhibitor of mTOR kinase, which is part of a signaling path-

way associated with growth and proliferation of cells. Dis-
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ruption of mTOR thereby results in suppression of cell cycle
and angiogenesis [14,15].

Global Advanced Renal Cell Cancer (ARCC) phase 3 trial
showed that 40 nccRCC treatment-naïve patients with poor
prognosis, who received temsirolimus, had a median pro-
gression-free survival (mPFS) of 3.8 months and median
overall survival (mOS) of 10.9 months. However, there is no
data on the efficacy of temsirolimus in less extensive, rela-
tively favorable and intermediate prognosis in nccRCC, 
especially in Asian patients.

The aim of this retrospective, multicenter prospective
study is to investigate the efficacy and tolerability of tem-
sirolimus in treatment-naïve Asian patients with metasta-
tic/recurrent nccRCC.

Materials and Methods

1. Study design

This is a combined analysis of 44 patients from the pro-
spective study and retrospectively collected cases. Data of 10
patients from prospective group were collected from five
medical centers that participated in a non-randomized, phase
II, multicenter prospective trial from May 2011 to February
2015. The study was closed prematurely when temsirolimus
was approved by Ministry of Food and Drug Safety and 
reimbursed in South Korea on June 1, 2011, as the standard
first-line treatment for metastatic/recurrent nccRCC. Then,
34 patients who received temsirolimus using the same pro-
tocol of the prospective study at Yonsei Cancer Center from
January 2008 to July 2017 were retrospectively analyzed in
conjunction with the prospective group.

The primary end-point was progression-free survival
(PFS). Secondary end points were overall survival (OS), 
objective response rate (ORR), disease control rate, safety,
and tolerability of temsirolimus.

2. Patient selection

Inclusion criteria included histologically confirmed nccRCC
(papillary, chromophobe, collecting duct, Xp11.2 transloca-
tion, others as unclassified) defined as metastatic and recur-
rent stage IV with a measurable or evaluable lesion by
Response Evaluation Criteria in Solid Tumors (RECIST);
Eastern Cooperative Oncology Group (ECOG) performance
status 0-2; and adequate liver, renal, bone marrow functions.
Before enrollment, pathology including questionable cases
was reviewed by a pathologist who specialized in urology
pathology at Yonsei Cancer Center. Patients were ineligible

if they had received any prior chemotherapy treatment for
renal cell carcinoma.

3. Treatment and evaluation

The patients received 25 mg of temsirolimus administered
in a weekly 30-minute intravenous infusion, and four weekly
infusions were considered as one cycle. Treatment continued
until unacceptable toxicity, disease progression, death, or 
patient’s withdrawal of consent. Doses were interrupted
based on relevant hematologic and non-hematologic effects,
according to National Cancer Center Institute-Common Ter-
minology Criteria of Adverse Events (NCI-CTCAE v.4.0).
Dose was not reduced if adverse events (AEs) could be man-
aged with conservative care. Temsirolimus was withheld for
a maximum of 3 weeks for grade 3 or 4 AEs, and restarted at
a reduced dose after recovery to grade 2 or lower. Dose was
reduced to 20 mg/m2 weekly, and there was no reduction of
more than 15 mg/m2 weekly.

To evaluate tumor size, computed tomography was repea-
ted every two cycles (4 weeks considered as one cycle) with
RECIST criteria 1.1. In patients who were enrolled in the
prospective study, chest computed tomography evaluation
was performed at the time of baseline and 8 weeks after treat-
ment to evaluate pulmonary toxicity, such as noninfectious
pneumonitis. Both Memorial Sloan Kettering Cancer Center
(MSKCC) and ARCC risk groups, with the latter including
the criteria of metastatic lesions in ! 2 organs, were used to
determine prognosis.

4. Statistics

Descriptive analysis was used to describe baseline charac-
teristics and AEs. Survival curves were calculated using the
Kaplan-Meier method. All statistical analyses were per-
formed using SPSS statistical software ver. 25 (IBM Corp.,
Armonk, NY), SAS software ver. 9.4 (SAS Inc., Cary, NC),
and R software ver. 3.5.0, (R Foundation for Statistical Com-
puting, Vienna, Austria).

In prospective study, the following assumptions were
made in the estimation of required sample size for primary
end-point, PFS. The null hypothesis was that PFS (H0) is 3.1
months. H0 was estimated from the previous trial of inter-
feron ! with PFS of 3.1 months. If temsirolimus had PFS of
less than 3.1 months, trial would not proceed. The alternative
hypothesis (H1) was that PFS will be 5.5 months for treat-
ment-naïve patients. This was based on the previous study
of treatment-naïve and previously treated RCC patients who
had similar PFS of 5.5 months and 6.3 months, respectively
[13]. Sample size was calculated using Simon’s optimal two-
stage design. With one-sided significance level of 0.05, a
power of 0.9 to reject the null hypothesis, and a 10% drop-
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out rate, the final sample size was calculated to be 30 pati-
ents.

5. Ethical statement

This study was conducted in accordance with the Declara-
tion of Helsinki, and was consistent with Good Clinical Prac-
tice. The institutional review board (IRB) of six centers
approved the study protocol (IRB No. 4-2017-0727), and the
study was registered in Korean Cancer Study Group (KCSG)
(No: GU11-03). All patients from the retrospective cases were
exempted from the written consent, according to the study
protocol approved by IRB of Severance Hospital (IRB No. 
4-2017-1056).

Results

1. Patient characteristics

In this study, a total of 44 patients were enrolled; 10 from
prospective group and 34 from retrospective group. Table 1
lists the baseline characteristics of patients. The median age
was 52 years (range, 17 to 84 years), and 32 patients (73%)
were male. Twenty-four patients (54%) were papillary type
renal cell carcinoma (pRCC), and among them, 19 patients
were categorized as type 2 pRCC (two patients had type 1
pRCC, three patients were not sub-classified). Other histol-
ogy subtypes included 11 chromophobes (25%), two collect-

Table 1. Baseline characteristics 

(Continued)

Variable No. (%) (n=44)
Age, median (range) 52 (17-84)
Sex

Male 32 (73)
Female 12 (23)

Histology 
Papillary 24 (54)
Chromophobe 11 (25)
Collecting duct 2 (5)
Xp11.2 translocation 1 (2)
Others 6 (14)

Sarcomatoid component
Yes 13 (29)
No 31 (71)

Initial stage of diagnosis 
I 5 (11)
II 3 (7)
III 6 (14)
IV 30 (68)

Previous nephrectomy 
Curative 19 (43)
Cytoreductive 11 (25)

Previous radiotherapy 
Yes 2 (5)
No 42 (95)

No. of metastatic sites
0 1 (2)
1 26 (59)
2 11 (25)
! 3 6 (14)

Sites of metastatic disease 
Lung 17 (39)
Lymph node 18 (41)
Bone 12 (27)
Liver 9 (21)

ARCC parameter 
Low hemoglobina) 26 (59)
Elevated calcium > 10 mg/dL 2 (5)
(> 2.5 mmol/L)

Elevated LDH 7 (16)
Performance status < 80% 3 (7)
Time from diagnosis to 32 (73)
systemic treatment < 1 yr

No. of metastatic sites ! 2 17 (39)
ECOG

0 33 (75)
1 8 (18)
2 3 (7)

Table 1. Continued

ARCC, Advanced Renal Cell Cancer; LDH, lactate dehy-
drogenase; ECOG, Eastern Cooperative Oncology Group;
MSKCC, Memorial Sloan Kettering Cancer Center. a)Men
< 13.5g/dL, women < 12.0 mg/dL.

Variable No. (%) (n=44)
ARCC

Favorable (0) 5 (11)
Intermediate (1-2) 24 (55)
Poor (! 3) 15 (34)

MSKCC
Favorable (0) 6 (14)
Intermediate (1-2) 34 (77)
Poor (! 3) 4 (9)

2nd-line treatment 
Yes 11 (25)
No 33 (75)

Cancer Res Treat. 2019;51(4):1578-1588

1580 CANCER  RESEARCH  AND  TREATMENT



ing ducts (5%), one Xp11.2 translocation (2%), and six others
(14%). Thirteen patients (71%) had sarcomatoid components.

Thirty patients were initially diagnosed as stage IV, and
two-thirds of the patients had nephrectomy, 19 for curative
and 11 for cytoreductive purposes. Except for one patient
who had local relapse, 43 patients had one or more metastatic
sites such as lung, lymph node, bone, and liver metastasis.
Most of the patients (80%) were treated within a year after
initial diagnosis. When patients were categorized by risk
groups, 15 patients were classified as poor-risk according to
ARCC criteria and four patients by MSKCC criteria.

2. Efficacy

Out of 44 patients, 35 patients were evaluable. Three pati-
ents (9%) showed complete response, one patient (3%)
showed partial response, and 25 patients (70%) showed sta-
ble disease, resulting in overall response rate (ORR) of 11%
and disease control rate (DCR) of 83% (Table 2). The duration
of response was at least 15 months (median, 29.2 months;
95% confidence interval [CI], 15.60 to 66.40) for all four res-
pondents, and responses were maintained at the time of data
analysis. At the time of analysis, 34 patients showed disease
progression and 26 patients died. The cause of death was dis-
ease progression for 24 patients. The median PFS was 7.6
months (95% CI, 5.0 to 10.2) and median OS was 17.6 months
(95% CI, 0 to 39.1) (Fig. 1).

The patients were further subdivided into pathological
subtypes, sarcomatoid features, and prognosis groups. No
significant difference in PFS or OS was observed in histolog-
ical subtypes (Figs. 2 and 3). There was also no correlation
between PFS and sarcomatoid features. However, patients
without sarcomatoid features had longer OS (33.7 months)
compared to patients with sarcomatoid features (9.2 months)
(p=0.025). Poor prognosis group defined by ARCC criteria
had a trend for shorter PFS and OS. PFS of poor prognostic
group was 4.7 months compared to 19.3 months of favor-
able/intermediate group (p=0.005). OS was 9.2 months (95%
CI, 1.23 to 6.56) in poor prognostic group and 43.1 months in
favorable/intermediate group (p=0.015).

3. Safety and tolerability

Table 3 shows AEs. During treatment, 37 patients (84%)
experienced one or more AEs. Thirty patients (68%) had

Table 2. Summary of response

CR, complete response; PR, partial response; SD, stable
disease; PD, progressive disease. 

No. of evaluable
patients (%) (n=35)

Best response
CR 3 (9)
PR 1 (3)
SD 25 (70)
PD 6 (18)
Response rate (CR+PR) 4 (11)
Disease control rate (CR+PR+SD) 29 (83)

Duration of treatment, median (range, wk) 11 (1-209)
Patients with ! 1 dose reduction-number 13 (30)
Patients with ! 1 dose delay-number 15 (34)

Fig. 1.  Efficacy of temsirolimus in non-clear cell renal cell carcinoma. (A) Progression-free survival (PFS). (B) Overall survival
(OS). CI, confidence interval.
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symptoms/signs, and 27 patients (61%) had lab/imaging 

abnormalities that were related to temsirolimus. The most

common AEs were stomatitis (34%), fatigue (27%), anorexia

(18%), and rash (16%). The most frequent laboratory and 

imaging abnormalities were hyperglycemia (23%), hyperc-

holesterolemia (18%), hypertriglyceridemia (16%), and non-

infectious pneumonitis (16%). Particularly, AEs of grade > 3

were noted in stomatitis (9%), hypertriglyceridemia (11%),

hyperglycemia (9%), and noninfectious pneumonitis (7%).

Twenty-six patients (59%) who experienced AEs of grade 3

had dose reduction or delayed treatment. A total of four pati-

ents (9%) discontinued treatment due to stomatitis (one pati-

ent), noninfectious pneumonitis (two patients), and crea-

tinine elevation (one patient). There was no treatment-related

mortality.

The median duration of treatment was 11 weeks (ranging

from 1 to 209). Thirteen patients (30%) had more than one

dose reduction, and 15 patients (34%) had more than one

dose delays.
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Fig. 2.  Kaplan-Meier curves of progression-free survival (PFS) according to subgroups. (A) With or without sarcomatoid
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4. Prognostic factors affecting survival

In univariate analysis, factors such as previous nephrec-
tomy (p < 0.001) and favorable/intermediate prognosis 
defined by ARCC and MSKCC (p=0.005 and p=0.024, respec-
tively) were associated with improved PFS (Table 4). Factors
that were associated with poor OS were poor ECOG per-
formance status (p=0.009), presence of sarcomatoid compo-
nent (p=0.025), absence of previous nephrectomy (p < 0.001),
and poor prognosis defined by ARCC and MSKCC (p=0.015

and p=0.004, respectively).
In multivariate Cox regression analysis, prognostic factor

defined by ARCC was selected because it was the criteria
used in the Global ARCC trial which showed that nccRCC
with poor prognosis benefit from temsirolimus. MSKCC was
disregarded in order to avoid interaction between the two
parameters. Patients with prior nephrectomy tended to have
better PFS (HR, 0.16; 95% CI, 0.06 to 0.42; p < 0.001). Sarco-
matoid component (HR, 3.07; 95% CI, 1.12 to 8.39; p=0.029)
and previous nephrectomy (HR, 0.15; 95% CI, 0.05 to 0.45; 

Fig. 3.  Kaplan-Meier curves of overall survival (OS) according to subgroups. (A) With or without sarcomatoid features. (B)
Papillary, chromophobe, others. (C) Prognostic group by Advanced Renal Cell Cancer criteria. HR, hazard ratio; CI, confi-
dence interval.
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p < 0.001) were significantly associated with OS.
Notably, second-line treatment did not affect the OS. Only

11 patients (25%) received second-line chemotherapy which
included eight patients who received TKIs such as pazo-
panib, sunitinib, axitinib, and three patients who received
chemotherapy (Table 1). Therefore, our results suggested
that temsirolimus as first-line of treatment was crucial in 
determining the OS of nccRCC.

Discussion

This study included both prospective and retrospective
data of temsirolimus as first-line treatment in treatment-
naïve Asian patients with metastatic/recurrent nccRCC. All
of the 34 patients from retrospective group were treated with
the same standard protocol from the prospective study at

Yonsei Cancer Center. Since the majority of data was col-
lected from a single center with consistent protocol, hetero-
geneity of data was minimized. Our results showed that
patients had ORR of 11%, DCR 83%, mPFS of 7.6 months,
and mOS of 17.6 months. When patients were further cate-
gorized by favorable/intermediate and poor prognosis
group was defined by Hudes et al. [9] the mPFS and mOS for
poor prognosis group were 4.7 and 9.2 months, respectively.
These results are comparable to those of pivotal temsirolimus
studies, particularly the Global ARCC trial.

Global ARCC trial, which was a randomized phase 3 study
of temsirolimus versus interferon ! or both for clear cell (586
patients) and nccRCC (40 patients), showed that patients 
defined as poor prognosis who were administered with tem-
sirolimus had mPFS of 3.8 months and mOS of 10.9 months.
Thus, temsirolimus has been used as standard treatment for
nccRCC with poor prognosis. In our study, one-third of the
patients were classified as poor-risk, which may explain why
our study had longer mPFS and mOS. Therefore, temsiro-

No. of patients (%)
All grades Grade ! 3 All grades Grade ! 3 All grades Grade ! 3

Symptoms and signs (n=30, 68%)
Anorexia 5 (15) 2 (6) 3 (30) - 8 (18) 2 (5)
Nausea/Vomiting 2 (6) 1 (3) 1 (10) - 3 (7) 1 (2)
Fatigue 8 (24) 2 (6) 4 (40) 3 (30) 12 (27) 5 (11)
Stomatitis 10 (30) 1 (3) 5 (50) 3 (30) 15 (34) 4 (9)
Hand-foot syndrome 3 (9) - - - 3 (7) -
Rash 5 (15) - 2 (20) 1 (10) 7 (16) 1 (2)
Pruritus 2 (6) - 3 (30) - 5 (11) -
Headache 1 (3) - 1 (10) - 2 (5) -
Alopecia 1 (3) - - - 1 (2) -
Edema 1 (3) - 2 (20) - 3 (7) -
Scrotal swelling - - 1 (10) - 1 (2) -
Leg pain - - 2 (20) - 2 (5) -
URI 3 (9) - 2 (20) - 5 (11) -
Diarrhea - - 1 (10) - 1 (2) -
Insomnia - - 1 (10) - 1 (2) -

Lab and imaging abnormalities (n=27, 61%)
Anemia 3 (9) - - - 1 (2) -
Leukopenia 1 (3) - 2 (20) 1 (10) 3 (7) -
Thrombocytopenia - - 1 (10) - 1 (2) -
Increased AST/ALT 2 (6) - 1 (10) - 3 (7) -
Increased creatinine level 1 (3) - 1 (10) - 2 (5) -
Hyperglycemia 10 (30) 4 (12) - - 10 (23) 4 (9)
Hypercholesterolemia 6 (18) - 2 (20) - 8 (18) -
Hypertriglyceridemia 5 (15) 4 (12) 2 (20) 1 (10) 7 (16) 5 (11)
Noninfectious pneumonitis 7 (21) 1 (3) - - 7 (16) 1 (2)

URI, upper respiratory tract infection; AST, aspartate aminotransferase; ALT, alanine aminotransferase.

Table 3. Summary of treatment-related adverse events
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limus may not only benefit poor prognosis group, but also
patients with less extensive metastatic nccRCC. It is impor-
tant to note that there were more patients who were catego-
rized as poor prognostic group by ARCC (15 patients, 34%)
than with MSKCC parameters (four patients, 9%). Since
MSKCC parameters have certain limitations in nccRCC, our
study focused on the prognostic tool defined by Hudes et al.
[9] in Global ARCC trial as reference data. IDMC model 
(International Metastatic Renal Cell Carcinoma) which was
validated in ccRCC VEGFR TKI but not in nccRCC, was also
not considered in this study.

Everolimus, an orally administered mTOR inhibitor in 
nccRCC, was also evaluated in ESPN (Everolimus versus
Sunitinib Prospective Evaluation in Metastatic Non-clear Cell
Renal Cell Carcinoma) [11] and ASPEN [12] studies. ESPN,
a randomized phase 2 study compared the efficacy of evero-
limus and sunitinib in first-line setting in 73 subjects. Suni-
tinib, a vascular endothelial growth factor TKI, had better
mPFS than that of everolimus (6.1 months vs. 4.1 months,
p=0.25) [11]. Similarly, everolimus versus sunitinib for pati-
ents with metastatic nccRCC (ASPEN), a randomized phase
II study of 108 subjects, showed that sunitinib and everoli-
mus had a median PFS of 8.3 months and 5.6 months, respec-
tively [12].

Based on these results, everolimus cannot be recommen-
ded in first-line treatment for nccRCC. On the other hand,
the efficacy of temsirolimus is comparable to that of suni-
tinib. Although temsirolimus has its limitation with weekly
intravenous injection compared to relatively easy oral 
administration of sunitinib, temsirolimus has better manage-
able toxicity profiles compared to sunitinib. In our study,
84% (37 patients) of subjects experienced AEs and 59% (26
patients) had grade 3–related AEs, which were manageable
with dose reductions and dose delays. Only four patients
(9%) discontinued treatment due to AEs.

In ASPEN study, 78% (40 patients) receiving sunitinib 
experienced grade 3 or worse treatment-related AEs. Overall,
53% (27 patients) needed dose reductions and 14% (7 pati-
ents) discontinued treatment due to treatment-related AEs.
AEs related to sunitinib included hypertension, hand-foot
syndrome, nausea/vomiting, diarrhea, and lab abnormalities
such as hypothyroidism, thrombocytopenia, neutropenia,
and elevated liver enzymes [12].

Pazopanib, a VEGFR TKI which was approved in advan-
ced ccRCC, was also investigated in first-line setting in 
nccRCC. First-line pazopanib in nccRCC (PANORAMA)
study which enrolled 37 patients, resulted in mPFS of 15.9
months and mOS of 17.3 months [16]. Pazobanib as second-
line in 29 patients treated had an ORR of 28% with mPFS 16.5
months [17]. Pazobanib’s role in nccRCC may need further
validation. Table 5 summarizes ARCC, ESPN, ASPEN, and
PANORAMA results.
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Although recent advancements have led to the develop-
ment of new targeted drugs such as cabozantinib [18], a
multi-targeted TKI and immune checkpoint inhibitors such
as nivolumab in ccRCC, efficacy results on nccRCC are cur-
rently being investigated. The limitation of this study was
the lack of data collected on parameters, such as lactate 
dehydrogenase, and a part of toxicity profiles in retrospective
data. In addition, low incidence of nccRCC and reimburse-
ment issues were obstacles in collecting larger sample size.

In conclusion, there seem to be several treatment options
for nccRCC. Although temsirolimus and everolimus are both
mTOR inhibitors, everolimus has failed to improve PFS and
OS. Sunitinib and pazopanib are both VEGFR TKIs, but 
pazopanib as first-line nccRCC lacks data. Although 75% (33
patients) did not receive second-line therapy due to fewer
treatments options in South Korea, mOS was 17.6 months,
indicating that the effect of temsirolimus directly translates
to OS. In addition, temsirolimus not only benefits poor-risk
group but also the favorable or intermediate-risk groups, and
has comparable results to those of sunitinib.

Less extensive metastatic nccRCC may benefit from tem-
sirolimus, regardless of histological variations and risk fac-
tors. Additional studies with larger sample size of nccRCC
are needed to validate the results of this study.
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Table 5.  Summary of first-line therapy for metastatic nccRCC

nccRCC, non-clear cell renal cell carcinoma; ARCC, Advanced Renal Cell Cancer; ESPN, Everolimus versus Sunitinib
Prospective Evaluation in Metastatic Non-clear Cell Renal Cell Carcinoma; ASPEN, Everolimus versus Sunitinib for Patients
with Metastatic Non-clear Cell Renal Cell Carcinoma; PANORAMA, first-line pazopanib in nccRCC; ORR, objective response
rate; PFS, progression-free survival; OS, overall survival.

Study Our study ARCC [9] ESPN [11] ASPEN [12] PANORAMA [16]  

No. of nccRCCs 44 124 73 108 37
Treatment Temsirolimus Temsirolimus (40) Sunitinib (34) vs. Sunitinib (51) vs. Pazopanib

Everolimus (38) Everolimus (57)
Prognosis Any Poor Mostly favorable, Any Any

intermediate
ORR (%) 9 8.6 12 vs. 0 12 vs. 5.0 27
PFS (mo) 7.6 3.8 6.1 vs. 4.1 8.3 vs. 5.6 15.9
OS (mo) 17.6 10.9 16.2 vs. 14.9 31.5 vs. 13.2 17.3

(p=0.18) (p=0.60)
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Hepatocellular Carcinoma in Patients with Child-Pugh Classification B
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Purpose
There is limited data on radiotherapy (RT) for hepatocellular carcinoma (HCC) in patients
with Child-Pugh classification B (CP-B). This study aimed to evaluate the treatment outcomes
of fractionated conformal RT in HCC patients with CP-B.

Materials and Methods
We retrospectively reviewed the data of HCC patients with CP-B treated with RT between
2009 and 2014 at 13 institutions in Korea. HCC was diagnosed by the Korea guideline of
2009, and modern RT techniques were applied. Fraction size was ! 5 Gy and the biologically
effective dose (BED) " 40 Gy10 (#/$=10 Gy). A total of 184 patients were included in this
study.

Results
Initial CP score was seven in 62.0% of patients, eight in 31.0%, and nine in 7.0%. Portal
vein tumor thrombosis was present in 66.3% of patients. The BED ranged from 40.4 to 89.6
Gy10 (median, 56.0 Gy10). After RT completion, 48.4% of patients underwent additional treat-
ment. The median overall survival (OS) was 9.4 months. The local progression-free survival
and OS rates at 1 year were 58.9% and 39.8%, respectively. In the multivariate analysis,
non-classic radiation-induced liver disease (RILD) (p < 0.001) and additional treatment (p
< 0.001) were the most significant prognostic factors of OS. Among 132 evaluable patients
without progressive disease, 19.7% experienced non-classic RILD. Normal liver volume was
the most predictive dosimetric parameter of non-classic RILD. 

Conclusion
Fractionated conformal RT showed favorable OS with a moderate risk non-classic RILD. The
individual radiotherapy for CP-B could be cautiously applied weighing the survival benefits
and the RILD risks.

Key words
Child-Pugh B, Hepatocellular carcinoma, Hepatic toxicity, 
Radiotherapy 
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Introduction

Hepatocellular carcinoma (HCC) is one of the most com-
mon malignancies and the second leading cause of cancer-
related death in the world [1]. Because HCC usually deve-
lops in patients with underlying liver cirrhosis, the coexis-
tence of two life-threatening conditions of cancer itself and
cirrhosis complicates the prognosis [2]. Child-Pugh classifi-
cation (CP) is the most widely used system to assess the
severity of underlying liver cirrhosis. In HCC patients with
well-compensated liver function (CP class A, CP-A), the 
efficacy and safety of various treatment modalities according
to the tumor extent are well documented. However, in cases
of a borderline liver function (CP-B), liver cirrhosis further
limits the applicability of certain treatment modalities 
because some standard therapies are a strain on the patients
or can cause collateral damage to the non-cancerous liver tis-
sue, thereby potentially further aggravating liver dysfunc-
tion [3]. A recent review article suggested that the best
approach for treating HCC patients with CP-B would be to
assess the prognostic weight of the HCC burden in the indi-
vidual patient compared with that of cirrhosis severity and
to adapt eventual tumor treatment to the liver function for
tolerability and potential benefit [4]. 

Although radiotherapy (RT) was previously limited to
HCC treatment owing to the low tolerance dose of the whole
liver to RT [5], the developments in imaging and the intro-
duction of 3-dimensional conformal radiotherapy (3DCRT)
have enabled the delivery of conformal RT to the partial
liver. In addition, further development of RT techniques, 
including intensity-modulated radiotherapy (IMRT), and
stereotactic body radiotherapy (SBRT), have been expanded
the role of RT for HCC [6]. Hepatic toxicity after RT is 
defined as radiation-induced liver disease (RILD), which typ-
ically occurs between 2 weeks to 3 months after RT, and the
overall incidence has been reported to be 0%-20% [7,8]. Vir-
tually all prospective and retrospective studies have inclu-
ded patients with CP-A and CP-B only, and the most of those
with CP-B were classified as CP-B7 [9]. Culleton et al. [10]
retrospectively reported that 63% of patients had a decline
in CP score of ! 2 points after SBRT in HCC patients with CP-
B or -C. In contrast, in subgroup analyses of " 20 patients
with CP-B in few studies, the incidence of RILD was 27%-
63%. This suggest that SBRT should be used with caution or
omitted for cases of severely impaired liver function.

Therefore, we performed a retrospective multi-institu-
tional study with a large cohort obtained from 13 institutions
of the Korean Radiation Oncology Group (KROG) to evalu-
ate the efficacy and toxicity of fractionated conformal RT for
HCC patients with CP-B.

Materials and Methods

1. Patient selection

We retrospectively reviewed the medical records of pati-
ents who received RT for HCC at 13 institutions of the
KROG. The inclusion criteria were as follows: (1) HCC was
diagnosed based on the Korean Liver Cancer Study Group
(KLCSG) and the National Cancer Center (NCC) practice
guideline of 2009 and was treated with RT between 2009 and
2014 [11]; (2) Eastern Cooperative Oncology Group perform-
ance score of 0-2; (3) CP-B; (4) treatment with modern RT
techniques such as 3DCRT or IMRT; and (5) fraction size " 5
Gy and the biologically effective dose (BED) ! 40 Gy10 when
the !/" ratio was assumed to be 10 Gy. The exclusion criteria
were as follows: (1) huge HCC beyond 60% of the total liver
volume (TLV), for which RT was not feasible according to
the KLCSG and NCC practice guideline of 2009; (2) extrahep-
atic spread beyond the regional lymph nodes; (3) history of
previous RT to the liver; (4) history of additional RT for other
HCC in the liver within 3 months; and (5) history of malig-
nancies besides HCC within 5 years. A total of 184 patients
were included in this study.

2. Evaluation of hepatic toxicity

Patients underwent a physical examination, laboratory
tests, and computed tomography and/or magnetic reso-
nance imaging to assess hepatic function and evaluate the
tumor extent before RT as well as to assess hepatic toxicity
and the tumor response at follow-up visits. Hepatic toxicity
was categorized as classic and non-classic RILD. Classic
RILD included anicteric hepatomegaly, ascites, or elevated
alkaline phosphatase more than twice the upper limit of nor-
mal value. Non-classic RILD included elevation of liver
transaminases more than 5 times the upper limit of normal
level or a worsening of CP score of ! 2 points. We defined
the occurrence of non-classic RILD in the absence of docu-
mented progressive disease within 3 months after the end of
RT as significant toxicity. Therefore, we subsequently exclu-
ded these patients from the entire study population as shown
in Fig. 1 to minimize confounding factors. The remaining 132
patients were evaluated for hepatic toxicity.

For dosimetric analysis, the dose-volumetric values were
calculated from dose-volume histograms. The normal liver
volume (NLV) was defined as the TLV minus the gross
tumor volume in seven institutions and as the TLV minus
the planning target volume in six institutions. Doses deliv-
ered to specific volumes of the TLV and NLV were evalu-
ated. Due to variations in the fractionation schemes among
institutions, all doses were converted into the equivalent
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dose of 2 Gy per fraction (EQD2) using a linear-quadratic
model when the !/" ratio for the normal liver was assumed
to be 8 Gy (EQD2 with !/" ratio of 8 Gy=EQD28) [12]. This is
applied to calculate the mean dose of the TLV (DTLV_mean

EQD28) and NLV (DNLV_mean, EQD28), the percentage of the
TLV ! 5 Gy (TLV5Gy EQD28), ! 10 Gy (TLV10Gy EQD28), ! 15 Gy
(TLV15Gy EQD28), ! 20 Gy (TLV20Gy EQD28), ! 25 Gy (TLV25Gy
EQD28), ! 30 Gy (TLV30Gy EQD28), ! 35 Gy (TLV35Gy EQD28),
! 40 Gy (TLV40Gy EQD28), the percentage of the NLV ! 5 Gy
(NLV5Gy EQD28), ! 10 Gy (NLV10Gy EQD28), ! 15 Gy (NLV15Gy
EQD28), ! 20 Gy (NLV20Gy EQD28), ! 25 Gy (NLV25Gy EQD28),
! 30 Gy (NLV30Gy EQD28), ! 35 Gy (NLV35Gy EQD28), and 
! 40 Gy (NLV40Gy EQD28).

3. Statistics

Local progression was defined as tumor growth or regrow-
th in any direction beyond that on pre-RT images of treated
lesions by the modified Response Evaluation Criteria in Solid
Tumor. Intrahepatic progression was defined as any progres-
sion within the liver. Local progression-free survival (LPFS),
intrahepatic progression-free survival (IHPFS), and overall
survival (OS) rates were estimated using the Kaplan-Meier
method from the date of start of RT. Patients were censored
at the date of death or at the date of last known follow-up,
whichever came first. Prognostic factors affecting OS were
analyzed using the Kaplan-Meier method for univariate

analysis. Multivariate analysis was performed using a Cox
proportional hazards model. A p-value < 0.05 was consid-
ered statistically significant.

To determine parameters affecting non-classic RILD in
evaluable patients, clinical parameters were analyzed as cat-
egorical or continuous variables, and dosimetric parameters
were analyzed as continuous variables. Univariate logistic
regression analysis was performed to compare clinical and
dosimetric parameters. In addition, a calculation of the area
under the curve (AUC) of receiver operating characteristics
(ROC) was used to determine the most predictive dosimetric
parameter of non-classic RILD. As the AUC approximates
1.0, the parameter becomes more predictive of non-classic
RILD. All calculations were performed using the Statistical
Package for the Social Sciences software (SPSS ver. 20.0, IBM
Corp., Armonk, NY).

4. Ethical statement

The current study was approved by the KROG (KROG 
16-05) and the institutional review board of each participat-
ing institution (K-2016-2830). Written informed consent was
waived due to the retrospective nature of the study.
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184 Patients

132 Patients were included in the analysis of hepatic toxicity

Intrahepatic
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Intrahepatic
progression (–)

n=4

Hepatic toxicity
(+)

Death
within 3 months

Survival
over 3 months

Hepatic toxicity
(–)

Hepatic toxicity
(+)

Hepatic toxicity
(–)

Intrahepatic
progression (+)
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follow-up study
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Fig. 1. Flowchart of evaluable patients’ recruitment process for toxicity analysis.
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Results

1. Patients’ characteristics

Patients’ characteristics at baseline are summarized in
Table 1. Of 184 patients, the median age was 58 years. Viral-
associated hepatitis due to hepatitis B or C virus was pre-
sented in 87.0% of patients. CP score was seven in 114 pati-
ents (62.0%), eight in 57 patients (31.0%), and nine in 13 pati-
ents (7.0%). The median tumor size was 5.4 cm. A single 
lesion was presented in 45.1% and portal vein tumor throm-
bosis (PVTT) was present in 66.3%. One hundred five pati-
ents (57.1%) had liver-directed therapy with 1-18 interven-
tions (median, 2) before RT; 80.0% received transarterial
chemoembolization (TACE). Combined treatment, defined
as a treatment administered within 4 weeks of the start or
end of RT, was conducted in 114 patients (62.0%); the most
common modality was TACE in 81 patients, followed by
transcatheter arterial chemotherapy infusion (TACI) in 32 
patients. Most patients (87.5%) received 3DCRT, and 53.8%
of patients received curative-intent RT, including all viable
tumors. The total RT dose ranged from 31.5 to 64.0 Gy 
(median, 44.0 Gy), and the fraction size ranged from 1.5 to
5.0 Gy (median, 2.5 Gy). Eighty-nine patients (48.4%) under-
went additional treatment after RT with 1-9 interventions
(median, 2), including TACE (67 patients), TACI (15 pati-
ents), sorafenib (13 patients), systemic chemotherapy (6 pati-
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Table 1. Patients’ characteristics at baseline

(Continued)

Characteristic No. of patients (%)
Age, median (range, yr) 58 (39-85)
Sex

Male 158 (85.9)
Female 26 (14.1)

ECOG score
0 54 (29.3)
1 80 (43.5)
2 50 (27.2)

Hepatitis
No 11 (6.0)
HBV 135 (73.4)
HCV 25 (13.6)
Alcoholic 13 (7.0)

Initial CP score
7 114 (62.0)
8 57 (31.0)
9 13 (7.0)

Tumor size, median (range, cm) 5.4 (1-21)
No. of tumors

1 83 (45.1)
2-3 54 (29.4)
4-9 23 (12.5)
! 10 24 (13.0)

Tumor location
One lobe 131 (71.2)
Both lobes 53 (28.8)

Bile duct invasion
No 150 (81.5)
Yes 34 (18.5)

PVTT
No 62 (33.7)
Yes 122 (66.3)

Main PVTT 54 (44.3) 
Branched PVTT 68 (55.7)

mUICC_T 
1 10 (5.4)
2 21 (11.4)
3 61 (33.2)
4 92 (50.0)

mUICC_N
0 158 (85.9)
1 26 (14.1)

Previous liver-directed therapy
No 79 (42.9)
Yes 105 (57.1)

Combined treatment
No 70 (38.0)
Yes 114 (62.0)

Table 1. Continued

ECOG, Eastern Cooperative Oncology Group; HBV, hep-
atitis B virus; HCV, hepatitis C virus; CP, Child-Pugh;
PVTT, portal vein tumor thrombosis; mUICC, the modi-
fied International Union Against Cancer stage; T, tumor;
N, lymph nodes; BED, biologically effective dose when the
!/" ratio was assumed to be 10 Gy; AFP, !-fetoprotein.
a)The cease of RT was due to patients’ refusal (n=2), decrea-
sed general performance (n=2); aggravation of hyperbi-
lirubinemia (n=1).

Characteristic No. of patients (%)
Fraction size, median (range, Gy) 2.5 (1.5-5)
BED, median (range, Gy10) 56.0 (40.4-89.6)
RT completion

Yes 179 (97.3)
No 5 (2.7)a)

AFP, median (range, IU/mL) 242.7 (0.7-1136990)
Additional treatment

No 95 (51.6)
Yes 89 (48.4)
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Fig. 2.  Local progression-free survival (LPFS) (A), intrahepatic progression-free survival (IPFS) (B), and overall survival
(OS) (C) curves.
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Fig. 3.  Hepatic toxicity defined as classic and non-classic radiation-induced liver disease (RILD) within 3 months after the
end of radiotherapy in 184 patients (entire cohort, A) and in 132 patients (evaluable cohort, B). CP, Child-Pugh classifica-
tion.
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Table 2.  Univariate analysis and multivariate analysis for prognostic factors affecting OS

Factor No. of  1-Year Median UVA MVA MVA
patients OS (%) OS (mo) p-value HR (95% CI) p-value

Age (yr)
! 60 107 30.8 8.3 0.154 0.722 0.104
> 60 77 51.3 12.2 (0.487-1.069)

Sex
Male 158 35.8 9.1 0.055 1.174 0.622
Female 26 60.6 13.4 (0.621-2.219)

ECOG score
0-1 134 40.2 9.4 0.817 - -
2 50 37.2 9.7

Hepatitis
No 10 57.1 20.7 0.020 Reference 0.011
HBV/HCV 160 40.0 9.5 1.970 0.125

(0.829-4.683)
Alcoholic 14 19.0 5.3 4.559 0.005

(1.570-13.235)
Initial CP score

7 114 43.2 10.7 0.381 - -
8 57 35.5 9.1
9 13 23.1 5.6

Tumor size (cm)
! 5 85 48.7 11.1 0.019 - -
> 5 99 31.4 8.0

No. of tumors
1-3 137 43.6 10.1 0.014 - -
" 4 47 26.7 8.0

Tumor location
One lobe 131 42.1 10.1 0.052 - -
Both lobes 53 32.6 8.2

PVTT
No 62 55.1 13.2 < 0.001 1.022 0.928
Yes 122 31.6 8.0 (0.636-1.643)

mUICC_T
1, 2 31 72.7 24.1 < 0.001 3.277 0.002
3, 4 153 32.5 8.3 (1.546-6.944)

mUICC_N
0 158 41.8 10.0 0.031 1.355 0.242
1 26 22.8 6.4 (0.815-2.254)

Initial AFP (IU/mL)
! 200 87 47.1 11.1 0.003 1.875 0.005
> 200 92 29.2 8.0 (1.207-2.911)

RT aima)

Curative 99 43.2 10.1 0.044 0.876 0.486
Palliative 85 34.8 8.3 (0.604-1.271)

BED (Gy10)
! 53 75 31.4 8.3 0.029 0.946 0.760
> 53 109 45.1 10.1 (0.664-1.349)

AFP responseb)

Yes 79 44.4 9.8 0.012 0.593 0.013
No 81 24.2 6.6 (0.393-0.894)

(Continued to the next page)
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ents), RT (5 patients), liver transplantation (5 patients), and
radiofrequency ablation (1 patient). 

2. Outcomes 

The median follow-up period was 7.3 months (range, 0.7
to 67.7 months). The median OS was 9.4 months, and the 
actuarial 6-month and 1-year LPFS, IHPFS, and OS rates
were 78.0% and 58.9%, 43.1% and 22.1%, and 70.8% and
39.8%, respectively (Fig. 2). Hepatic toxicity occurred in 80
patients (43.5%) within 3 months after the end of RT; 22 pati-
ents (12.0%) experienced classic RILD and 66 (35.9%) experi-
enced non-classic RILD (Fig. 3A). After the occurrence of
classic RILD, 15 patients (68.2%) recovered their own liver
function: three patients (13.6%) suffered from persistent 
hepatic dysfunction; four patients (18.2%) experienced intra-
hepatic progression and were impossible to assess. Among
patients with non-classic RILD, 10 patients (15.2%) recovered
their own liver function: 17 patients (25.8%) suffered from
persistent hepatic dysfunction; 39 patients (59.0%) experi-
enced intrahepatic progression and were impossible to assess.
The results of the univariate and multivariate analysis for
prognostic factors affecting OS are summarized in Table 2.
In multivariate analysis, non-classic RILD (hazard ratio [HR],
2.674; 95% confidence interval [CI], 1.826 to 3.916; p < 0.001)
and additional treatment (HR, 2.159; 95% CI, 1.479 to 3.152;
p < 0.001) were the most significant factors affecting OS.

3. Predictors for non-classic RILD

In 132 evaluable patients described in Fig. 1, hepatic toxi-
city occurred in 37 patients (28.0%) within 3 months after the
end of RT. The characteristics are listed in S1 Table. Classic
RILD occurred in 16 patients (12.1%) and non-classic RILD
occurred in 26 patients (19.7%); among patients with non-
classic RILD, 23 patients experienced a worsening of CP
score by ! 2 points (Fig. 3B). Univariate logistic regression
analysis was conducted to determine clinical and dosimetric
parameters affecting non-classic RILD, which was the most
significant prognostic factor for OS in both univariate and
multivariate analysis. Of the clinical parameters, only the RT
technique was associated with the risk of non-classic RILD
(p=0.007) (S2 Table). Of the dosimetric parameters, NLV,
DTLV_mean EQD28, TLV15Gy EQD28, TLV20Gy EQD28, TLV35Gy
EQD28, and TLV40Gy EQD28 were associated with the risk of
non-classic RILD (Table 3). NLV was the most predictive
dosimetric parameter based on compared values from the
AUC of ROC. 

Discussion

RT is mostly administered to HCC patients with CP-A, and
only a few studies have examined the efficacy of RT for 
CP-B [13,14]. Culleton et al. [10] reported a median OS of 7.9

Sun Hyun Bae, RT for HCC Patients with Child-Pugh Classification B

Table 2.  Continued

Factor No. of  1-Year Median UVA MVA MVA
patients OS (%) OS (mo) p-value HR (95% CI) p-value

Classic RILD
No 162 41.2 9.7 0.582 - -
Yes 22 27.3 7.7

Non-classic RILD
No 118 51.3 12.2 < 0.001 2.674 < 0.001
Yes 66 17.2 5.1 (1.826-3.916)

Additional treatment
No 95 27.0 7.0 0.001 2.159 < 0.001
Yes 89 51.7 12.2 (1.479-3.152)

OS, overall survival; UVA, univariate analysis; MVA, multivariate analysis; HR, hazard ratio; CI, confidence interval; ECOG,
Eastern Cooperative Oncology Group; HBV, hepatitis B virus; HCV, hepatitis C virus; CP, Child-Pugh; PVTT, portal vein
tumor thrombosis; mUICC, the modified International Union Against Cancer stage; T, tumor; N, lymph nodes; AFP, !-feto-
protein; RT, radiotherapy; BED, biologically effective dose when the !/" ratio was assumed to be 10 Gy; RILD, radiation-
induced liver disease. a)Curative intent means that RT field cover all viable tumors; palliative intent means that RT field
cover a part of viable tumors, b)Defined as AFP level reduction of > 20% from the initial level at 1 months after completion
of RT in 160 patients who check follow-up AFP level.
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months in CP-B or -C patients treated with SBRT for HCC:
9.9 months in CP-B7 patients and 2.8 months in CP ! 8. In
contrast, Nabavizadeh et al. [15] reported a superior survival
rate of 11.8 months after SBRT or accelerated hypofraction-
ated RT (AHRT). The authors suggested that favorable pati-
ents’ characteristics, such as a unifocal tumor, smaller tumor
size, and PVTT in 10% of patients, may have contributed to
the improvement in OS. Our fractionated conformal RT
showed a comparable survival of 9.4 months, despite the 
inclusion of patients with unfavorable characteristics, e.g.,
T3/T4, multiple HCCs, large tumor size, and PVTT. How-
ever, local control (LC) was suboptimal compared with SBRT
studies with a 1-year LPFS rate of 58.9%. Ohri et al. [16]
found that there was no clear evidence for a dose-response
relationship with a BED of 60-180 Gy10 for SBRT to primary
liver tumors and suggested that SBRT with 60-72 Gy10 was a
reasonable fractionation scheme, with a 2-year LPFS of 90%.
In addition, Nabavizadeh et al. [15] showed statistically sig-
nificant superior LC rates for SBRT group compared to
AHRT group, with a 2-year LC rate of 94% vs. 65%. How-

ever, a nationwide survey in Korea reported that SBRT was
selectively used for small-sized HCC with CP-A and that RT
was mainly considered for advanced HCC and combined
treatment using fractionated conformal RT was common
clinical practice patterns [17,18]. In addition, HCC occurs in
developing countries, especially in Asia where there are lim-
ited health resources. Therefore, we suggest that fractionated
conformal RT as a practical alternative to SBRT, although fur-
ther prospective studies to improve its efficacy are required.

The incidence of RILD after RT is higher in HCC patients
with CP-B than with CP-A. An SBRT study for HCC in 29 
patients with CP-B or -C reported the highest toxicity rate of
63%, resulting in a worsening of CP score by ! 2 points after
a median dose of 30 Gy in six fractions [10]. They suggested
SBRT for selected CP-B7 patients but did not recommend it
for patients with CP ! 8 outside of studies. Another study
using SBRT (50 Gy in 5 fractions) or AHRT (45 Gy in 18 frac-
tions) presented a worsening of CP score by ! 2 points in 27
out of 95 patients (28%) with CP-A or -B7 and in 18 out of 51
patients (35%) with CP-B8, -B9, or -C [15]. As the true toler-

Cancer Res Treat. 2019;51(4):1589-1599

Table 3.  Univariate analysis for dosimetric parameters affecting non-classic radiation-induced liver disease

ROC, receiver operator characteristics; AUC, area under the curve; GTV, gross tumor volume; TLV, total liver volume; NLV,
normal liver volume, which was defined as the total liver volume minus GTV in seven institutions and as the TLV minus
the planning target volume in six institutions; EQD2, equivalent dose of 2 Gy per fraction. a)Due to variations in the fraction-
ation, all doses converted into the EQD2 using linear-quadratic model when the !/" ratio for the normal liver was assumed
to be 8 Gy, b)The percentage of the TLV ! X Gy, c)The percentage of the NLV ! X Gy.

Parameter Mean±standard deviation p-value ROC AUC

GTV (mL) 287.7±585.7 0.211 0.666
TLV (mL) 1,555.8±758.7 0.311 0.571
NLV (mL) 1,184.4±442.2 0.013 0.694
DTLV_mean EQD28 (Gy)a) 18.1±8.8 0.041 0.593
TLV5Gy EQD28 (%)b) 71.8±17.3 0.120 0.582
TLV10Gy EQD28 (%) 58.9±18.3 0.082 0.607
TLV15Gy EQD28 (%) 50.0±18.9 0.023 0.644
TLV20Gy EQD28 (%) 43.2±19.6 0.019 0.648
TLV25Gy EQD28 (%) 37.6±19.6 0.051 0.618
TLV30Gy EQD28 (%) 32.7±19.9 0.051 0.594
TLV35Gy EQD28 (%) 28.5±19.3 0.039 0.595
TLV40Gy EQD28 (%) 21.8±19.5 0.003 0.635
DNLV_mean EQD28 (Gy) 13.9±5.4 0.794 0.508
NLV5Gy EQD28 (%)c) 68.7±17.4 0.203 0.582
NLV10Gy EQD28 (%) 53.0±16.2 0.373 0.560
NLV15Gy EQD28 (%) 42.0±15.2 0.190 0.592
NLV20Gy EQD28 (%) 34.1±14.4 0.143 0.606
NLV25Gy EQD28 (%) 27.7±13.4 0.495 0.551
NLV30Gy EQD28 (%) 22.4±12.4 0.470 0.551
NLV35Gy EQD28 (%) 17.9±11.3 0.205 0.577
NLV40Gy EQD28 (%) 12.1±10.8 0.057 0.591
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ability of RT in patients with CP-B or -C is unknown, the 
authors proposed further prospective trials. In a hypofrac-
tionated 3DCRT study using 40-60 Gy with a fraction size of
4-8 Gy, classic or non-classic RILD occurred in 12 out of 20
patients (60%) with CP-B, compared to 7 out of 108 (6%) with
CP-A [19]. They stated that CP-B patients did not tolerate the
hypofractionated RT. On the other hand, conventional frac-
tionated RT may be more tolerable. A 3DCRT study using 66
Gy in 33 fractions reported that three out of 11 patients (27%)
with CP-B experienced grade 4 hepatic toxicity [20]. How-
ever, as all of these patients had grade 3 abnormalities before
RT, the correlation of toxicity to the RT is not entirely clear.
In the current study, non-classic RILD was observed in 19.7%
of 132 evaluable patients after fractionated conformal RT
with a median fraction size of 2.5 Gy. Considering that nor-
mal tissue toxicity is more greatly impacted by fraction size
in terms of radiobiology, we suggested the use of fraction-
ated conformal RT for HCC in CP-B patients to minimize tox-
icity [21]. Because most patients were CP-B7 or -B8, however,
the safety of fractionated conformal RT for patients with CP-
B9 has still undetermined and we should treat them with
considerable caution. 

To the best of our knowledge, this is the largest study in
published data evaluating predictors for non-classic RILD in
HCC patients with CP-B treated with fractionated conformal
RT. Although several dosimetric parameters were statisti-
cally significant in univariate analysis, we were unable to
identify the definite dosimetric constraints because values
from the AUC of ROC were suboptimal for the selections of
cut-off points. Other recent studies have attempted to obtain
the definitive constraints in CP-B patients but did not suc-
ceed [15,22]. There are some practical limitations to identify
dosimetric predictors. Firstly, our study applied various
NLV definitions according to different institutions because
plan data which was already approved before RT were ret-
rospectively reviewed. In addition, we defined the !/" ratio
of the normal liver as 8 to compare different fractionation
schedules among institutions, based on the Korean data 
reflecting similarities in the underlying disease, applied frac-
tion schemes, and combined modalities [12]. However, the
!/" ratio of the normal liver is still unknown, and it ranges
between 2, 2.5, 3, 8, and 10 [23-26]. These variances may con-
found the importance of dosimetric parameters. Secondly,
RT for CP-B patients have a higher probability of RILD, 
especially non-classic RILD: however, the underlying pathol-
ogy of non-classic RILD remains unclear [7]. Thirdly, CP-B,
as a preexisting liver dysfunction, has the intrinsic morbidity.
In a randomized trial in advanced HCC patients, the rate of
serious adverse events among the placebo group because of
progression of cirrhosis or HCC was 52% [27]. However, it
is impossible to distinguish between RILD and the natural
progression of underlying cirrhosis in a clinical setting.

Therefore, further prospective studies are required to mini-
mize confounding factors and obtain practical constraints. 

There were some limitations to the current study. Firstly,
there was the interinstitutional heterogeneity of HCC man-
agement, because the KLCSG and NCC practice guideline-
recommended RT only for HCC patients with well-preser-
ved liver function (CP-A or upper B) and could not encom-
pass all possible clinical situations. However, a certain degree
of heterogeneity among institutions mirrors clinical practice
in the real world, providing results more representative of
what can be achieved in everyday practice than findings
from an ideal setting [28]. This is particularly important for
HCC as a large gap exists between applied practice and evi-
dence-based treatment, making our multicenter study more
representative [29]. Secondly, as we only included patients
who received RT ! 40 Gy10, patients who could not complete
RT or decreased the total dose due to acute toxicities or other
possible causes would be excluded. This may overestimate
the efficacy of RT for patients with CP-B. Thirdly, this study
was a retrospective analysis. Therefore, selection and con-
founding biases may have occurred, and the rates of hepatic
toxicity may have been underestimated. To minimize the 
effect of these limitations, we only analyzed cases with com-
pleted follow-up during the 3 months after RT without dis-
ease progression.

In conclusions, fractionated conformal RT showed favor-
able OS when compared to other published studies in HCC
patients with CP-B and a moderate risk of non-classic RILD
even if it was lower than that reported in previous SBRT
studies. The individual RT for CP-B could be cautiously 
applied considering that non-classic RILD was the most sig-
nificant factor affecting OS. In Korea, IMRT and proton beam
therapy have been approved by the National Health Insur-
ance Service from 2015. The application of these advanced
RT techniques using fractionated RT might provide some 
answers to improve the efficacy of RT without increasing the
incidence of non-classic RILD for HCC patients with CP-B.
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Prognostic Value of Post-diagnosis Health-Related Quality of Life for
Overall Survival in Breast Cancer: Findings from a 10-Year Prospective
Cohort in Korea

Original Article

Purpose
We aimed to evaluate health-related quality of life (HRQOL) at 1-year post-diagnosis in breast
cancer (BC) patients and its association with overall survival using data from the National
Cancer Center Hospital.

Materials and Methods
Data of a BC cohort were first obtained between 2004 and 2006 and followed up. HRQOL
was assessed using EORTC QLQ-C30 and BC specific module QLQ-BR23 few days after 
diagnosis and 1 year after that. We examined and compared the difference in the two
HRQOL scores measured for each patient by the patient’s current survival status. The Cox
proportional hazards model was fitted to evaluate the impact of HRQOL on survival, with
adjustment for baseline HRQOL and other factors.

Results
Of 299 enrolled patients, 206 responded at 1-year post-diagnosis (80.6%) and were fol-
lowed up for 11.6 years on average. At 1-year post-diagnosis, survivors had better HRQOL
scores than those who died, although their health status was similar at baseline. Survivors
reported significant increase 1 year after diagnosis in global health status and emotional
scales. Between the groups, functional scales such as physical, role, and emotional were
significantly different. Functional scales, including physical (adjusted hazard ratio [aHR],
0.70), role (aHR, 0.68), emotional (aHR, 0.72), and symptom scales, including fatigue (aHR,
1.34), dyspnea (aHR, 1.29), appetite loss (aHR, 1.24) were significantly associated with
overall survival. Patients who were less worried about future health had favorable survival
(aHR, 0.83). 

Conclusion
Besides treatment-related symptoms, non-medical aspects at 1-year post-diagnosis, includ-
ing functional well-being and future perspective, are predictive of long-term survival. Inter-
vention to enhance physical, role, and emotional support for women soon after their BC
diagnosis might help to improve disease survival outcomes afterwards.
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Breast neoplasms, Quality of life, Overall survival
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Introduction

It has become increasingly accepted that self-reports from
cancer patients provide exclusive perspectives and address
aspects of wellbeing, feelings, and functioning which may
not otherwise be captured by standard clinical assessments
[1]. Therefore, patient-reported outcome, specifically health-
related quality of life (HRQOL), is considered an important
outcome measure in cancer clinical trials [2] and shows con-
sistency and reliability in association with clinical outcomes
in both oncology and non-oncology fields [3,4]. Assessing
quality of life (QOL) in cancer patients could improve treat-
ment and be used as a medical prognostic factor for survival
[5-8]. Results from QOL studies can further recommend the
direction needed for more efficient treatment for cancer pati-
ents [9].

Previous studies measuring HRQOL focused on compar-
ing patients’ HRQOL between different treatments or meas-
uring the longitudinal impact of treatment on HRQOL at
different treatment phases. However, interests have shifted
to finding the relationship between HRQOL and survival
since data in the literature show that HRQOL predicts sur-
vival in different types of cancers independent of other clin-
ical factors [2,10,11]. The number of studies reporting the
relationship between HRQOL and survival of breast cancer
(BC) patients is limited [12]. The most common study design
was by randomized controlled trials [9,11,13-17]; two studies
followed a cohort design [18,19], and two were systematic
reviews and meta-analyses [1,20]. These studies utilized the
baseline QOL, which was usually measured a few days to
two weeks before treatment, and its association with survival
of BC patients. Results from these studies, however, were 
inconsistent. Some reported that baseline QOL provided use-
ful prognostic information [13,19]; others, conversely, repor-
ted that baseline QOL had no great importance in predicting
primary clinical endpoints, including overall survival (OS)
[11,16]. Other studies reported that QOL scores predicted
outcome in metastatic [21] but not in early BC [14].

The relationship between HRQOL outcomes, symptoms,
and long-term survival have not been completely elucidated
[9]. From previous studies, baseline QOL might not be a
prognostic factor, especially for non-metastatic BC patients.
Due to the inconsistency of previous studies, we shifted our
interest to the QOL measured one year after patients were
diagnosed, with the hypothesis that the patients’ QOL status
at this time point has better prognostic value for OS. Using
the BC cancer cohort data at the National Cancer Center
(NCC) of Korea, we evaluated the association between 1-year
post-diagnosis HRQOL and OS, with adjustment for QOL
status at baseline.

Thus, we explored which dimensions of HRQOL after pati-

ents finished treatment would be useful to predict their sur-
vival. To our knowledge, this is one of the few studies eval-
uating the prognostic significance of HRQOL measured at
this specific time point with a long-term follow-up period.
Our results might further evidence on utilizing HRQOL as a
survival prognostic factor.

Materials and Methods

1. Study design and subject recruitment

In May 2004, a BC prospective cohort was set up to collect
data on issues of cancer survivorship at the NCC in Korea.
Among 371 patients diagnosed between May 2004 and Sep-
tember 2006, 299 agreed to participate in our cohort study
(Fig. 1). Eligibility criteria were histologically confirmed 
invasive cancer (stage I-IV), being 18 years or older, and 
absence of other cancers. Participants were prospectively fol-
lowed up according to the study protocol. More details on
patients’ recruitments elsewhere [22,23].

2. Data collection

BC patients were diagnosed by oncologists at the Breast
Cancer Department of NCC hospital. We explained the pur-
pose and protocol of the study to all participants. The survey
was based on self-reported data. The first data collection was
conducted a few days after diagnosis. After the interview,
subjects were given a baseline questionnaire together with a
stamped and addressed return envelope. One year after 
diagnosis, each participant was sent a letter with a follow-up
questionnaire, a stamped and addressed return envelope.
Those who did not return the questionnaire within 2 weeks
were contacted by phone up to three times. Data on survival
were obtained through linkage with the national death reg-
istration database, with the last data collection done in July
2018.

3. Measures

1) Sociodemographic and clinical characteristics

Age at diagnosis and level of education were measured
one time at baseline. Other sociodemographic characteristics,
including religious beliefs, job status, monthly household 
income, and marital status were measured at both baseline
and 1-year post-diagnosis. Data on comorbidity status and
health behaviors (cigarette smoking and alcohol drinking)
were also collected at both measures. In the current study,
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we presented the results measured at 1-year post-diagnosis
for these variables. Medical information obtained from the
NCC hospital electronic medical records included stage at
diagnosis, radiotherapy (yes or no), duration of chemother-
apy (days), chemotherapy (yes or no), duration of chemo-
therapy (days), hormone therapy (yes or no), and BC sub-
type. Stage at diagnosis was categorized into two groups:
stage I to IIA and stage IIB to IV. BC subtype variable has
four values: estrogen receptor (ER)/progesterone receptor
(PR) positive and human epidermal growth factor receptor
(HER2) positive; ER/PR positive and HER2 negative; ER/PR
negative and HER2 positive; ER/PR negative and HER2 neg-
ative.

2) Health-related quality of life

HRQOL was assessed using the European Organization
for Research and Treatment of Cancer (EORTC) general
module QLQ-C30 [24] and BC module QLQ-BR23 [25]. These
are well-validated and commonly utilized instruments in the
oncology field [2,26]. EORTC QLQ-C30 assesses a patient’s
capacity to fulfill the activities of daily living, comprising of
five functional scales, six single symptom items, and a global
health status scale. The QLQ BR-23 module incorporates
multi-item and single item scales to assess systemic therapy
side effects, breast symptoms, and other BC QOL scales. In
both instruments, higher functional scores and higher global
health status represent better functioning and QOL whereas
a higher symptom score indicates more severe symptoms or
worse QOL. The Korean versions of both instruments were
validated in previous research. Cronbach’s alpha was greater

than 0.7 for the Korean validated version of both instruments
[27,28]. HRQOL assessments were performed at two-time
points: immediately after diagnosis (baseline) and 1-year
post-diagnosis.

3) Data analysis and statistical methods

Demographic characteristics and clinical factors were sum-
marized using frequencies and percentages for categorical
variables, and means and their standard deviations or medi-
ans and their interquartile ranges for continuous variables,
with stratification by survival status. Statistical significance
of differences between groups in categorical variables were
tested by Fisher exact test. The normality of the distribution
of continuous variables was tested by the Shapiro-Wilk test.
Statistical significance of differences between groups in con-
tinuous variables was tested by the Student’s t test for nor-
mally distributed variables and the Kruskal-Wallis test for
non-normally distributed variables. Statistical significance of
differences in QOL scores between baseline and 1-year post-
diagnosis was tested by non-parametric Wilco-xon signed-
rank test.

Patient survival was defined as the time interval between
the date of BC diagnosis to the date of death from any cause
or the date of the last follow-up. Demographic, clinical and
QOL variables were evaluated using univariate Cox propor-
tional hazards models. In all multivariate models, age at 
diagnosis, stage at diagnosis, and baseline HRQOL were 
adjusted. For other factors, backward model selection was
performed to choose variables to be included in the multi-
variate model. For each HRQOL scale from QLQ-C30 and

80 Lost to follow-up
13 Recurrence/under cancer
  treatment at 1-yr F/U

371 Patients diagnosed of
BC at NCC hospital

May 2004 to September 2006

Mean survival time:
11.6±3.0 years

July 2018

299 Baseline QOL measurement
(response rate: 80.6%)

206 One-year post-diagnosis QOL measurement
 (response rate: 68.9%)

72 Refused to participateFew days

12 months

174 Survivor 32 Death

Fig. 1. Enrollment of cohort, health-related quality of life (QOL) assessments and follow-up period. BC, breast cancer; NCC,
National Cancer Center; F/U, follow-up.
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Table 1.  Demographic and clinical characteristics of the study population

(Continued to the next page)

One-year post-diagnosis Total (n=206) Survivor (n=174) Death (n=32) p-value 

Demographic variable

Age at diagnosis (yr)
20-44 71 (34.5) 60 (34.5) 11 (34.4) 0.321
45-54 78 (37.9) 69 (39.7) 9 (28.1)
! 55 57 (27.7) 45 (25.9) 12 (37.5)
Mean±SD 47.3±9.1 47.0±9.1 48.7 (9.7) 0.353a)

Education level at diagnosis
" High school 151 (73.7) 126 (72.4) 25 (80.7) 0.338
! University 54 (26.3) 48 (27.6) 6 (19.3)

Having religion
No 52 (25.5) 48 (27.9) 4 (12.5) 0.066
Yes 152 (74.5) 124 (72.1) 28 (87.5)

Job status
No 117 (62.6) 99 (63.5) 18 (58.1) 0.571
Yes 70 (37.4) 57 (36.5) 13 (41.9)

Monthly income (USD)    
< 2,000 81 (43.1) 68 (42.0) 13 (50.0) 0.443
! 2,000 107 (56.9) 94 (58.0) 13 (50.0)

Marital status
Married 166 (81.0) 139 (80.4) 27 (84.4) 0.594
Others 39 (19.0) 34 (19.7) 5 (15.6)

Drinking 
Yes 16 (8.3) 147 (90.7) 29 (96.7) 0.281
No 176 (91.7) 15 (9.3) 1 (3.3)

Smoking 
Yes 3 (1.6) 161 (98.8) 28 (96.6) 0.374
No 189 (98.4) 2 (1.2) 1 (3.5)

Clinical characteristic

Comorbidity status
No 130 (69.2) 116 (73.0) 14 (48.3) 0.008
Yes 58 (30.9) 43 (27.0) 15 (51.7)

Radiotherapy
No 43 (21.0) 36 (20.8) 7 (21.9) 0.892
Yes 162 (79.0) 137 (79.2) 25 (78.1)

Duration of radiotherapy (day)
Mean±SD 46.7±21.5 45.5±11.2 53.8±51.0 0.093a)

Chemotherapyb)

No 28 (13.7) 28 (16.2) 0 ( NA
Yes 177 (86.3) 145 (83.8) 32 (100)

Duration of chemotherapy (day)
Mean±SD 116.0±42.8 113.8±36.3 125.6±64.6 0.161a)

Hormone therapy
No 39 (18.9) 35 (20.1) 4 (12.5) 0.312
Yes 167 (81.1) 139 (79.9) 28 (87.5)

Stage
I-IIA 131 (63.6) 121 (69.5) 10 (31.3) < 0.001
IIB-IVc) 75 (36.4) 53 (30.5) 22 (68.8)

Tran Thi Xuan Mai, Prognostic Value of Quality of Life for Overall Survival

VOLUME 51 NUMBER 4 OCTOBER 2019 1603



QLQ-BR23, we fitted a Cox model; with survival status as
the response variable, the main predictor variable was
HRQOL score.

For HRQOL variables, the raw scores were linearly trans-
formed to give standard scores in the range of 0-100 for each
of the functional and symptom scales according to the
EORTC scoring manual [29]. A difference of 5-10 points in
QOL scores represents a small change, 10-20 points a mod-
erate change and greater than 20 points a large, clinically sig-
nificant change from the patient’s perspective. In the current
study, we presented hazard ratios (HR) for a 10-point change
on the continuous HRQOL variables [20,30]. All tests were
two-sided; p-values less than 0.05 were considered statisti-
cally significant. Statistical analyses were conducted using
SAS statistical software ver. 9.2 (SAS Institute Inc., Cary, NC)
and figures were visualized in R Studio Software R ver. 3.5.1,
2018 (The R Foundation for Statistical Computing Platform,
Vienna, Austria).

4. Ethical statement

The protocol and follow-up of this study were approved
by the NCC Institutional Review Board (NCCNCS-04-034).
All patients provided written informed consent prior to par-
ticipation.

Results

1. Patient characteristics

Among 371 women diagnosed with BC at the NCC, 299
agreed to participate in our study (80.6%) and their baseline
HRQOL was measured. Of these, 206 patients replied at 
1-year post-diagnosis. Of the 206 patients, 32 deaths were 

reported as at July 2018. The follow-up period was 11.6 years
on average with a 5-year OS rate of 93.2% and a 10-year rate
of 87.7% (Fig. 1). Table 1 describes demographic and clinical
characteristics, classified according to survival status. Mean
age was 47.3±9.1 at diagnosis, 79.0% had radiotherapy and
86.3% had chemotherapy. Notably, all deaths in our cohort
had chemotherapy. Comorbidity status and stage at diagno-
sis were significantly different between the survivor and
death groups. In death group, 51.7% had at least one comor-
bidity versus 30.9% in survivor groups. In addition, in death
group, 68.8% were diagnosed at stage IIB to IV compared to
30.5% in survivor group. These features in the survivor
group were 27.0% and 30.5% respectively.

2. HRQOL at baseline and 1-year post-diagnosis 

Table 2 displays HRQOL scores at baseline and 1-year
post-diagnosis by survival status for all scales of QOL-C30
and QLQ-BR23. The global health status mean score of the
cohort at 1-year post-diagnosis was 66.1±1.4. Among the
functional scales, at 1-year post-diagnosis the social scale had
the lowest mean score (71.1±1.9) while the physical scale had
the highest mean score (76.0±1.1). In both the survivor and
death groups, QOL deteriorated at 1-year post-diagnosis
compared to baseline, with an increase in the symptom scales
and decrease in the functional scales. However, compared to
the survivor group, the differences in the death group were
greater in several scales. For example, the difference was 6.2
points (p < 0.001) in the physical scale of the survivor group
while it was 15.5 points (p < 0.001) in the death group.

Figs. 2, 3, and 4 illustrate the trend of HRQOL, measured
by EORTC QLQ-C30, and QLQ-BR23 respectively, from
baseline to 1-year post-diagnosis in survivors and deaths. At
baseline, QOL scores of both survivors and deaths were sim-
ilar while at 1-year post-diagnosis, there existed larger dif-
ferences between these two groups. The survivor group had
a significantly better QOL at 1-year post-diagnosis in most

Table 1.  Continued

Values are presented as number (%) unless otherwise indicated. SD, standard deviation; ER, estrogen receptor; PR, proges-
terone receptor; HER2, human epidermal growth factor receptor 2. a)p-value was obtained from the Kruskal-Wallis test,
b)NA, not available (due to small number of participant), c)Five participants with stage IV. Other p-values were obtained by
Fisher's exact test.

One-year post-diagnosis Total (n=206) Survivor (n=174) Death (n=32) p-value 
Breast cancer tumor subtypesb)

ER/PR+, HER2+ 11 (5.4) 10 (5.8) 1 (3.2) NA
ER/PR+, HER2– 156 (76.1) 129 (74.1) 27 (87.1)
ER/PR–, HER2+ 13 (6.3) 11 (6.3) 2 (6.5)
ER/PR–, HER2– 25 (12.2) 24 (13.8) 1 (3.2)
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scales. A large difference in the QOL score between survivors
and deaths was observed in several scales, including role
(13.9, p=0.004), fatigue (13.6, p=0.001), dyspnea (12.4, p=0.022),
and financial difficulties (13.8, p=0.007) (data not shown).

3. Survival analysis

Univariate and multivariate Cox regression analyses for
each QOL variable are displayed in Table 3. HR in all models
corresponded to a 10-point increment for HRQOL scores.
From the adjusted model, higher scores in the physical 

(adjusted HR [aHR], 0.70; p=0.029), role (aHR, 0.68; p=0.001),
emotional (aHR, 0.72; p=0.012) scales significantly improved
survival. In contrast, higher scores in fatigue (aHR, 1.34;
p=0.006), dyspnea (aHR, 1.29; p=0.009), and appetite loss
(aHR, 1.24; p=0.036) increased risk of death. In addition, mar-
ginally significant associations were found between global
health status and future perspective scales with OS (aHR,
0.77 and 0.83, respectively). Results were interpreted as such:
for example, with the fatigue scale, a 10-point increase in 
fatigue score was associated with 1.34 times increased risk of
death.

QOL scale
No. Total at 1 yr Survivor Death

(n=206) Mean SD Base 1 yr Diff. p-valuea) Base 1 yr Diff. p-valuea)

Global health status 206 66.1 1.4 55.2 67.4 12.2 < 0.001 61.0 59.4 –1.6 0.906
EORTC QLQ-C30 

Functional Scale

Physical 206 76.0 1.1 83.7 77.6 –6.2 < 0.001 82.9 67.4 –15.5 < 0.001
Role 206 73.7 1.6 85.9 75.9 –10.0 < 0.001 81.3 62.0 –19.3 0.001
Emotional 205 73.3 1.4 63.3 74.9 11.6 < 0.001 63.7 64.7 1.0 0.511
Cognitive 205 74.3 1.3 81.7 75.0 –6.7 < 0.001 82.3 70.3 –12.0 0.012
Social 201 71.1 1.9 75.1 72.6 –2.5 < 0.001 74.7 63.0 –11.7 0.089

EORTC QLQ-C30 

Symptom Scale

Fatigue 205 36.6 1.5 32.5 34.5 2.0 0.141 32.6 48.1 15.5 0.015
Nausea and vomiting 205 7.1 0.9 7.2 6.4 –0.8 0.509 8.6 10.9 2.3 0.247
Pain 206 22.9 1.5 14.0 21.4 7.4 < 0.001 16.7 31.3 14.6 0.042
Dyspnea 205 16.7 1.6 13.7 14.7 1.0 0.571 13.5 27.1 13.5 0.029
Insomnia 205 23.0 1.8 20.8 21.8 1.0 0.672 22.9 29.2 6.3 0.240
Appetite loss 205 15.5 1.7 19.1 14.7 –4.3 0.047 18.8 19.8 1.0 0.901
Constipation 204 18.3 1.7 14.8 16.5 1.6 0.327 22.6 28.1 5.5 0.379
Diarrhea 205 8.0 1.1 10.2 7.3 –2.9 0.046 10.4 11.5 1.0 0.948
Financial difficulties 200 28.0 2.0 23.9 25.8 1.9 0.410 32.2 39.6 7.4 0.118

EORTC QLQ-BR23 

Functional Scale

Body image 205 62.1 2.0 63.7 79.6 15.9 < 0.001 77.7 53.6 –24.0 < 0.001
Sexual functioning 181 24.7 1.8 25.3 21.8 –3.4 0.241 26.1 20.8 –5.3 0.212
Sexual enjoyment 68 41.2 3.3 42.2 37.5 –4.7 NA 50.0 33.3 –16.7 NA
Future perspective 205 42.0 2.0 43.2 37.4 –5.8 0.015 44.8 35.4 9.4 0.193

EORTC QLQ-BR23

Symptom Scale

Systemic therapy 206 28.4 1.5 16.6 25.1 –8.4 < 0.001 22.1 30.2 –8.1 0.004
Breast symptoms 206 24.5 1.1 19.1 26.9 –7.9 0.203 21.2 36.5 –15.3 0.002
Arm symptoms 206 25.9 1.3 21.7 23.6 –1.9 < 0.001 19.4 29.2 –9.8 0.050
Upset by hair loss 64 55.2 4.9 19.5 53.3 –33.8 0.005 20.5 61.9 –41.4 0.196

HRQOL, health-related quality of life; QOL, quality of life; SD, standard deviation; Base, Baseline; 1 yr, 1-year post-diagnosis;
Diff., difference; NA, not available (due to small number of participant). a)p-value was obtained from Wilcoxon signed-rank
test to compare HRQOL scores measured at baseline with QOL scores measured at 1-year post-diagnosis, separately for sur-
vivors and deaths. 

Table 2. HRQOL mean scores (QLQ-C30 and QLQ-BR23) at baseline and 1-year post-diagnosis
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Discussion

Utilizing 1-year post-diagnosis QOL and long-term sur-
vival are two strengths exclusive to our study. While previ-
ous studies focused on correlating pretreatment QOL with
survival, we shifted our interest to post-treatment QOL. In
this study, the majority of our BC patients were diagnosed
at stage I to III and finished their treatment as well as recov-
ery within seven to eight months. One year after diagnosis,
all participants had finished their treatment and had a few
months for recovery. Given that cancer treatments have neg-
ative physical and socio-emotional consequences, assessing
the patients’ QOL at this time and how these QOL associated
with survival are of great importance. To the best of our
knowledge, this approach has not been utilized in published
works and is therefore a unique aspect of this study. An 
additional strength of this study was the long-term follow-
up, with the median follow-up time being more than ten
years.

There are two key findings from our study. Firstly, at 
1-year post-diagnosis, survivors had better HRQOL scores
compared to deaths even though their health status was sim-
ilar at baseline. Secondly, we found that at 1-year post-diag-
nosis, functional scales, including physical, role, emotional,
and symptom scales, including fatigue, dyspnea were pre-
dictive for OS. HRQOL is considered one of the main study
endpoints in the oncology field and provides useful prog-
nostic information to both patients and health care providers.
However, it continues to be evaluated infrequently in clinical
oncology practices because of many challenges and barriers
[31]. These barriers are not due to the lack of valid tools for
measurement but are due to the difficulty in incorporating
QOL measurements into busy clinical practices [32]. Here,
there was a statistically significant relationship between sev-
eral dimensions of QOL and long-term survival in BC pati-
ents. Thus, our results support the rationale to incorporate
regular QOL assessment and management into oncological
practices.

HRQOL at 1-year post-diagnosis of BC patients in this 
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Fig. 2.  Health-related quality of life (QOL) measured by QLQ-C30 functional scale after diagnosis (baseline) and at 
1-year post-diagnosis (1 year). Blue color indicates the QOL mean scores and 95% confidence intervals for survivors. Red
color indicates QOL mean scores and 95% confidence intervals for deaths. p-values were obtained using the Kruskal-Wallis
test to compare QOL scores measured at 1-year post-diagnosis between survivors and deaths.
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cohort was investigated in a previous publication by Lee et
al. [22]. The authors evaluated the HRQOL status and com-
pared the results with that of the general population. Their
findings suggested that the improvement in HRQOL scores
seen at 1 year after diagnosis was modest and did not reach
the level of the general population [22]. Here, we re-evalu-
ated the HRQOL scores at this time point but shifted our 
emphasis to the difference between the survivor and death
groups. In QLQ-C30, the role function was measured by two

questions which assessed the degree of impairment of work
or daily activities and leisure-related activities. We found
that the role function of patients after completing the treat-
ment course was predictive of survival independent of dis-
ease stage, the status of the patient at baseline and other
factors. Our findings for the role function scale was in line
with previous studies using baseline QOL scores as predic-
tors for survival [5,21]. Previous studies also found that 
fatigue was a significant predictive factor for survival, toge-
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Fig. 3.  Health-related quality of life (QOL) measured by QLQ-C30 symptom scale after diagnosis (baseline) and at 1-year
post-diagnosis (1 year). Blue color indicates the quality of life (QOL) mean scores and 95% confidence intervals for survivors.
Red color indicates QOL mean scores and 95% confidence intervals for deaths. p-values were obtained using the Kruskal-
Wallis test to compare QOL scores measured at 1-year post-diagnosis between survivors and deaths.
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ther with pain or global QOL scale. However, HRQOL was
measured at baseline, not post-treatment as in this study
[5,11,17,21]. Our findings showed that emotional function
was an independent prognostic indicator of OS. Consistent
results were found in previous studies. Anxious emotion has
previously been associated with poor survival in advanced
cancer patients [33]. Our results add more evidences to sup-
port that interventions to improve emotional and stress man-
agement might have a positive impact on survival.

Besides the medical-related QOL scales discussed above,
our findings suggest that at 1-year post-diagnosis, non-med-
ical issues may be predictive for survival. Patients who 
reported more worries, depression or concerns about their
future health and body image might have poorer survival,

regardless of their baseline QOL status and stage of disease.
Findings from this study further suggest some inequalities
in financial toxicity between survivors and deaths reporting
at 1-year post-diagnosis. The survivor group reported signif-
icantly less difficulties compared to the death group. How-
ever, this result did not remain statistically significant in
multivariate model. In Korea, since 2004, the government has
introduced a policy that decreases co-payment for cancer 
patients from 30% to 5% [34]. However, financial difficulties
might occur even when the co-payment is not required or at
low proportion [35]. Financial toxicity has been associated
with not only worse survival as found in the current study
and another [36], but also other factors such as lower patient
satisfaction [37,38] and worse compliance [39]. For the future,

QOL scale Univariate modela) Adjusted modelb)

HR p-value HR p-value
Global health status/QOL 0.84 0.037 0.77 0.047
EORTC QLQ-C30 Functional Scale

Physical 0.71 0.001 0.70 0.029c)

Role 0.82 0.002 0.68 0.001c)

Emotional 0.82 0.006 0.72 0.012c)

Cognitive 0.89 0.217 0.76 0.058c)

Social 0.90 0.076 0.98 0.865d)

EORTC QLQ-C30 Symptom Scale
Fatigue 1.26 0.001 1.34 0.006d)

Nausea and vomiting 1.23 0.046 1.40 0.165d),e)

Pain 1.18 0.014 1.16 0.118c)

Dyspnea 1.22 0.002 1.29 0.009c)

Insomnia 1.09 0.156 1.15 0.171
Appetite loss 1.09 0.192 1.24 0.036c),d)

Constipation 1.16 0.010 1.00 0.999
Diarrhea 1.13 0.191 1.24 0.091d)

Financial difficulties 1.14 0.018 1.03 0.776
EORTC QLQ-BR23 Functional Scale

Body image 0.90 0.073 0.95 0.560c)

Sexual functioning 0.93 0.449 0.83 0.182d)

Future perspective 0.92 0.188 0.83 0.046
EORTC QLQ-BR23 Symptom Scale

Systemic therapy SE 1.19 0.068 1.33 0.126
Breast symptoms 1.12 0.152 0.98 0.919c)

Arm symptoms 1.18 0.023 1.14 0.279c)

HRQOL, health-related quality of life; QOL, quality of life; HR, hazard ratio; EORTC QLQ-BR23, European Organization
for Research and Treatment of Cancer, Quality of Life Questionnaire for Breast Cancer; SE, side effects. a)Univariate Cox pro-
portional hazard model, include score variable of each scale, b)Multivariate Cox proportional hazard model, adjusted for
age, stage at diagnosis, and baseline QOL scores. Sexual enjoyment and upset by hair lost scales were excluded due to small
number of participants, c)Additional adjusted factors: duration of radiotherapy, d)Additional adjusted factors: comorbidity
status, e)Additional adjusted factors: education level and job status.

Table 3. Association between HRQOL scores measured by QLQ-C30 and QLQ-BR23 at 1-year post-diagnosis and overall
survival

Tran Thi Xuan Mai, Prognostic Value of Quality of Life for Overall Survival

VOLUME 51 NUMBER 4 OCTOBER 2019 1609



a deeper understanding of factors causing financial difficul-
ties among cancer patients and how these impact on QOL as
well as survival is warranted.

Our study had some limitations. The first limitation is the
small number of observed deaths, which was expected 
because we only included early-stage BC patients in our 
cohort. Second, we did not have information on additional
factors that could affect the QOL and survival outcomes, 
including the duration of treatment and recovery period or
the patients’ access to post-treatment support systems. Fur-
thermore, generalizability of this study was limited as the
study was conducted at a single institution. Missing data on
BC cancer-related scales, including sexual functioning, were
also considerable. Despite these limitations, our results have
important implications in both clinical and research prac-
tices. HRQOL assessments after treatment may be useful as
an early sign of patient deterioration and an indication of
their survival. Intervention to improve role function and
symptoms, including fatigue and nausea, could have the 
potential to improve survival outcomes.

Our analysis provides additional prognostic information
for survival beyond that available from conventional factors.
Besides medical-related symptoms, non-medical aspects,
functional wellbeing, and future perspective in the first year
after cancer diagnosis are significant prognostic factors for

OS of BC. This suggests a possible avenue of intervention by
maintaining or enhancing these functional supports for
women soon after their BC diagnosis to improve disease out-
comes. Regular follow-up and QOL measurements together
with prompt intervention to enhance patient feelings and
other associated factors might help to improve the long-term
outcomes of patients. 
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Validity and Reliability of Korean Version of Simplified Nutritional 
Appetite Questionnaire in Patients with Advanced Cancer: 
A Multicenter, Longitudinal Study
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Purpose

Malnutrition and a loss of muscle mass are frequent in cancer patients and have a negative

effect on clinical outcome. Nutrition risk screening aims to increase awareness and allow

early recognition and treatment of cancer cachexia. Therefore, screenings should be brief,

inexpensive, highly sensitive, and have good specificity. Simplified Nutritional Appetite Ques-

tionnaire (SNAQ) is a simple screening tool including four questions, and validated to predict

weight loss within 6 months in community-dwelling adults and nursing home residents. Our

study aimed to translate the SNAQ into Korean and to assess the validity and reliability of

the translated screening tool in advanced cancer patients.

Materials and Methods

The SNAQ was translated into Korean according to linguistic validation. The internal consis-

tency of the SNAQ was evaluated by Cronbach’s alpha coefficient. Test-retest reliability was

evaluated using the intraclass correlation coefficient. Concurrent validity was evaluated by

measuring the Pearson’s correlation coefficient between the SNAQ and Mini-Nutritional 

Assessment (MNA) and Patient-Generated Subjective Global Assessment (PG-SGA).

Results

In the 194 patients included in full analysis set, cancer stage was predominantly metastatic

(98.5%), the mean age was 60 years (range, 23 to 81 years), and the mean body mass

index was 24 kg/m2 (range, 15.6 to 39.6 kg/m2). According to MNA score ! 11, 57 patients

(29.4%) were malnourished. The mean score (±standard deviation) of the Korean version

of the SNAQ was 13.8±2.5 with a range of 6-19. Cronbach’s alpha coefficient was 0.737,

and intraclass correlation coefficient was 0.869. The SNAQ was moderately correlated with

MNA (r=0.404, p < 0.001) and PG-SGA (r=–0.530, p < 0.001). A significant weight loss of

> 5% of the original body weight within 6 months occurred in 46 of the 186 patients (24.7%).

SNAQ score ! 14 predicted > 5% weight loss with a sensitivity of 56.5% and a specificity of

44.3%.

Conclusion

The Korean version of the SNAQ had high validity and reliability. SNAQ is useful for the

screening tool for advanced cancer patients. The SNAQ had a limitation to predict impending

weight loss in advanced cancer patients.

Key words
Nutritional assessment, 

Simplified Nutritional Appetite Questionnaire, Neoplasms, 

Weight loss
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Introduction

Nutritional status affects clinical outcome in cancer pati-

ents. Impaired nutrition is associated with prolongation of

admission, higher degree of treatment-related toxicity, poor

quality of life, and a worse prognosis [1]. Patients at nutrition

risk had a higher anticancer therapy-related adverse event

[2,3].

Screening of nutrition risk is important because it increases

awareness and allows early recognition that enables early 

intervention [4]. Efficient screening tool should be brief, 

inexpensive, sensitive, and have a good specificity [5]. Sev-

eral validated nutritional screening tool is available, e.g., 

Nutrition Risk Screening 2002 (NRS-2002) [6], Malnutrition

Universal Screening Tool (MUST) [7], Malnutrition Screening

Tool (MST) [8], Mini Nutritional Assessment Short Form

(MNA-SF) [9]. However, these tools are too long or too com-

plex to use in busy and crowded outpatient clinics. With the

exception of MST, it is impossible for the patient to fill it up

him (her)-self and needs the help of a skilled person.

The Simplified Nutritional Appetite Questionnaire (SNAQ)

is short, simple appetite survey tool. It is originally devel-

oped for hospitalized patients of surgical and medical ward

in the Netherlands to effectively screen malnourished pati-

ents [10]. It was also effective to predict weight loss in com-

munity adults and long-term care residents [11]. It consists

of only four questions and could be filled up by patient alone

without assistance. If SNAQ can be applied in cancer pati-

ents, nutritional screening can be done more easily and effi-

ciently.

The purpose of the present study was to test the validity

and reliability of the Korean version of SNAQ in advanced

cancer patients. Also, we examined the correlation of SNAQ

with existing assessment tools such as Mini-Nutritional 

Assessment (MNA) and Patient-Generated Subjective Global

Assessment (PG-SGA).

Materials and Methods

1. Study objectives and design

Prior to this study, the SNAQ was translated into Korean

according to linguistic validation. The primary endpoint of

this study is the internal consistency of the Korean version

of SNAQ evaluated by Cronbach’s alpha coefficient. The sec-

ondary endpoints are (1) test-retest reliability that was eval-

uated using the intraclass correlation coefficient, (2) concur-

rent validity by measuring the Pearson’s correlation coeffi-

cient between the SNAQ and MNA and PG-SGA, (3) sensi-

tivity and specificity of SNAQ according to weight loss. The

study period of individual participants is 6 months (24

weeks) from the consent. The participants are requested to

visit every 2 months from the first visit. The total period of

this study is planned 1 year. In every visit, we performed his-

tory taking and physical exam including performance status

and body weight. The SNAQ, MNA, and PG-SGA were

checked in the baseline and last visit (fourth visit) which is 6

months from baseline. This study was conducted in eight 

institutions in South Korea. PG-SGA was conducted only in

six institutions with available trained person to carry out the

test.

2. Sample size determination

We searched the Cronbach’s alpha coefficient of SNAQ

from the previous studies to estimate sample size. Generally,

the internal validity is evaluated as high when the Cron-

bach’s alpha coefficient is 0.7 or more. However, SNAQ has

only four items, and the coefficient is relatively low in the

elderly and patients than the general population in prior

studies. The Cronbach’s alpha coefficient is between 0.51 and

0.61 in the elderly and chronically ill patients group [11-14].

In detail, Cronbach’s alpha coefficient was 0.51 among resi-

dents of long-term care facilities and community-dwelling

adults in St. Louis of the United States [11], and 0.55 in Japan-

ese older adults people aged 65 years or more [12], 0.58

among patients in out-patients or in-patients department of

Malaysian general hospital [13], and 0.61 in Brazilians of the

cardiopulmonary and metabolic rehabilitation program [14].

Therefore, we expected Cronbach’s alpha coefficient under

the null hypothesis of 0.50 and alternative hypothesis of 0.65

among recurrent or metastatic cancer patients. We decided

the significance level was 0.05 and the power was 80%, and

the number of required subjects was 163. Considering the

drop-out rate of 10% to last visit, a total of 182 people were

required [15]. To calculate the sample size, we used the fol-

lowing formula:

where, k=4, !=0.05, "=0.2, p0=0.5, p1=0.65.

3. Patient

This study includes patients who (1) aged 20 years old or

more, (2) diagnosed with recurrent or metastatic cancer

which is not curable, (3) have life expectancy as six months

n= +2
In { {(1–p0)

(1–p1)

{ {(k–1) (z!/2+z")2k

2

2
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or more, (4) can read and understand document written in
Korean, and (5) signed informed consent. Patients were 
excluded if he/she (1) cannot read and write survey (i.e.,
blindness, severe weakness), (2) has current ongoing mental
illness (i.e., major depression, bipolar disorder) or cognitive
dysfunction, (3) has intracranial tumor including brain
metastasis, (4) have received major surgery within prior 8
weeks or scheduled major surgery within the study periods,
(5) need enteral feeding or parenteral nutrition, or therapeu-
tically restricted diet, (6) have grade 3 or 4 nausea or vomit-
ing induced by chemotherapy or radiotherapy, (7) cannot
tolerate oral nutrition due to intestinal dysfunction like peri-
toneal seeding or bowel obstruction, (8) participating another
clinical trial or have plan to participate during the study 
period, (9) is not appropriate to participate in the study
under the decision of the investigator.

4. Statistical analysis

The internal consistency of the SNAQ was evaluated by
Cronbach’s alpha coefficient. The primary endpoint was
identified based on the first SNAQ created, and the SNAQ
created during the second and last visit was analyzed as an
auxiliary value. In factor analysis, Varimax rotation method
was applied. Test-retest reliability was evaluated using the
intraclass correlation coefficient (ICC). ICC was calculated
from SNAQ, which was surveyed twice at 2- to 8-hour inter-
val at baseline visit. For calculation of ICC, only the subjects
who completed SNAQ twice at the baseline visit were 
included. Concurrent validity was evaluated by measuring
the Pearson’s correlation coefficient between the SNAQ and
MNA or PG-SGA. The correlation coefficient was measured
at baseline and last visit. The continuous variables were pre-
sented as descriptive statistics (mean, standard deviation)
and categorical variables were number (%), A 2-tailed 
p-value 0.05 was considered significant. All statistical analy-
ses are done by SAS ver. 9.4 (SAS Institute Inc., Cary, NC).

5. Ethical statement

The protocol was approved by the institutional review
boards of each participating hospital and performed in 
accordance with the principles of the Declaration of Helsinki
and the Good Clinical Practice Guidelines defined by the 
International Conference on Harmonization. All patients
provided written, informed consent before enrollment.

Results

1. Patients’ characteristics

The number of total participants was 194 at baseline.
Among them, 155 patients (79.9%) completed the study to
the end. The reasons of drop-out were the withdrawal of con-
sent (n=16), death (n=14), failure to follow up (n=5), violation
of eligibility criteria (n=1), and investigator’s decision (n=3).

Table 1. Baseline characteristics of all participants

Values are presented as mean±standard deviation or num-
ber (%). ECOG PS, Eastern Cooperative Oncology Group
performance status; BMI, body mass index.

Variable Total (n=194)
Age (yr) 60.0±10.3
Sex

Male 107 (55.2)
Female 87 (44.8)

Diagnosis
Breast cancer 33 (17.0)
Colon cancer 28 (14.4)
Rectal cancer 19 (9.8)
Cholangiocarcinoma 13 (6.7)
Gastric cancer 12 (6.2)
Lung neoplasm malignant 11 (5.7)
Others 78 (40.2)

Stage
I 0 (
II 3 (1.5)
III 7 (3.6)
IV 162 (83.5)
Others 2 (1.0)
Missing 20 (10.3)

Metastatic disease
Yes 191 (98.5)
No 3 (1.6)

ECOG PS
0 20 (10.3)
1 154 (79.4)
2 19 (9.8)
3 1 (0.5)
4 0 (

Height (cm) 162.1±8.3
Weight (kg) 63.1±10.8
BMI (kg/m2) 24.0±3.7
Have a meal

Without help 191 (98.5)
With help 3 (1.5)

Cancer Res Treat. 2019;51(4):1612-1619
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The baseline characteristics of participants are presented in
Table 1. Majority of patients (n=153, 78.9%) had comorbidi-
ties besides cancer. Concomitant diseases are vascular disor-
ders including hypertension (n=66), metabolic disease inclu-
ding diabetes (n=53), musculoskeletal disorders (n=28), nerv-
ous system disorder (n=26), infections (n=24), gastrointesti-
nal disorders (n=23), respiratory disorders (n=18), psychia-
tric disorders (n=14), and others.

2. Internal consistency of the SNAQ Korean version

The details of SNAQ score per visit are presented in Table 2.
The Cronbach’s alpha coefficient was between 0.75 and 0.65,
indicating that the internal consistency is acceptable (p <
0.05). In the factor analysis using Varimax rotation method,
the variance explained by the factors ranged from 0.9056 to
1.0467. Therefore, it is evaluated that there is no overlapping
concept item among the current four items of SNAQ (Table 3).

3. Test-retest reliability by ICC

The test-retest reliability measured by ICC of SNAQ from
two measurements of visit 1 are presented in Table 4. The

ICC values are bigger than 0.8, showing excellent agreement.

4. MNA, PG-SGA, and concurrent validity of SNAQ

The mean MNA score were 12.0±2.3 and 12.1±2.1 and total
61 patients (31.4%) and 46 patients (29.5%) were found to be
at risk of malnutrition (MNA score < 12) at visit 1 and visit
4, respectively. Among them, only nine and five patients had
malnutrition by definition of malnutrition indicator score

Factor
Factorial loadsa) Variance explained

Item 1 Item 2 Item 3 Item 4 by factor

Factor 1 0.380 0.144 0.934 0.101 1.047
Factor 2 0.256 0.962 0.150 0.117 1.027
Factor 3 0.205 0.121 0.108 0.976 1.021
Factor 4 0.865 0.198 0.306 0.154 0.906
a)Each item is as follows: item 1, my appetite is; item 2, when I eat (satiety); item 3, food tastes; item 4, normally I eat (amount).

Table 3. Factor analyses by Varimax rotation method to evaluate the similarity between items

Table 2.  The result of SNAQ and the internal consistency

Visit 1 initial Visit 1 2nd Visit 4
(n=194) (n=194) (n=156)

SNAQ score
Mean±SD 13.8±2.5 13.9±2.5 13.6±2.4
Median 14.0 14.0 14.0
Min-max 6-19 4-19 4-19
0-14, n (%) 111 (57.2) 114 (58.8) 101 (64.7)
15-20, n (%) 83 (42.8) 80 (41.2) 55 (35.3)

Internal consistency
Cronbach’s alpha coefficient (p) 0.737a) 0.747 0.652

SNAQ, Simplified Nutritional Appetite Questionnaire; SD, standard deviation. a)A test for the hypothesis H0: p=p0=0.5 revea-
led p < 0.05.

Table 4. Test-retest reliability of SNAQ from two meas-
urements at baseline visit

SNAQ, Simplified Nutritional Appetite Questionnaire;
ICC, intraclass correlation coefficient.

ICC 
Item 1. My appetite is 0.885
Item 2. When I eat (satiety) 0.846
Item 3. Food tastes 0.843
Item 4. Normally I eat (amount) 0.902
Mean 0.869

So Yeon Oh, Validation Study of SNAQ Korean Version
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under 17. Meanwhile, the PG-SGA was measured only in 

institutions where trained person is available to carry out the

assessment. Six out of eight institutions conducted PG-SGA

in 152 patients. Among them, 34 patients (22.4%) at visit 1

and 32 patients (26.0%) at visit 4 were suspected moderate

malnutrition in PG-SGA. Four patients are severely malnour-

ished per each visit. Finally, MNA and PG-SGA were ana-

lyzed with SNAQ to evaluate concurrent validity. The

Pearson’s correlation coefficient between SNAQ and MNA,

or PG-SGA are presented in Table 5. SNAQ have clear posi-

Table 5.  Pearson’s correlation coefficient between SNAQ and MNA, or PG-SGA at visit 1 and visit 4

Visit Visit 1 Visit 4
SNAQ (initial) SNAQ

Visit 1
MNA 194 -

No. 0.404

Correlation coefficient < 0.001

p-value

PG-SGA

No. 152 -

Correlation coefficient –0.530

p-value < 0.001

Visit 4
MNA

No. - 156

Correlation coefficient 0.485

p-value < 0.001

PG-SGA

No. - 123

Correlation coefficient –0.590

p-value < 0.001

SNAQ, Simplified Nutritional Appetite Questionnaire; MNA, Mini-Nutritional Assessment; PG-SGA, Patient-Generated

Subjective Global Assessment.

No.
Weight loss more than 5%

No. Sensitivity (%) Specificity (%)
Total 186 46 56.5 44.3

Sex
Male 104 32 50.0 61.1

Female 82 14 71.4 26.5

Age (yr)
< 65 118 24 37.5 41.5

! 65 68 22 77.3 50.0

Gastrointestinal symptom
Present 121 28 60.7 44.1

None 65 18 50.0 44.7

Chemotherapy
Ongoing 153 34 52.9 43.7

Not ongoing 33 12 66.7 47.6

SNAQ, Simplified Nutritional Appetite Questionnaire.

Table 6. Subgroup analyses of sensitivity and specificity of SNAQ in prediction of 5% or more weight loss within 6 months

Cancer Res Treat. 2019;51(4):1612-1619
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tive correlation with MNA at both visit 1 and visit 4. On the
contrary, SNAQ have clear negative correlation with PG-
SGA at both visits.

5. Sensitivity and specificity of SNAQ in prediction of
weight loss

A significant weight loss of > 5% of the original body
weight within 6 months occurred in 46 of the 186 patients
(24.7%). SNAQ score ! 14 predicted > 5% weight loss with a
sensitivity of 56.5% and a specificity of 44.3%. In subgroup
analyses, the sensitivity and specificity of male, older (" 65
years) patients, patients with gastrointestinal symptom, and
patients who were not receiving chemotherapy were better
than female, younger ones, patients without gastrointestinal
symptom, and who was receiving chemotherapy (Table 6).
In these subgroups, however, sensitivity exceeded 60%, but
the specificity did not exceed 50% in most cases. Therefore,
no useful results were found in the prediction of weight loss
by SNAQ.

Discussion

In this study, we investigate the significance of the SNAQ
as a quick screening tool for nutritional status of advanced
cancer patients. In my knowledge, this is the first nutritional
screening tool for cancer patients which was validated in
Korea. The Cronbach’s alpha coefficient, the primary end-
point, was above 0.7 at baseline visit. A commonly accepted
rule for describing internal consistency using Cronbach's
alpha is as follows: if < 0.6, poor; between 0.6 and 0.7, ques-
tionable; between 0.7 and 0.8, acceptable; between 0.8 and
0.9, good; above 0.9, excellent [16]. Thus, we found that the
internal consistency of Korean version SNAQ is acceptable.
In the factor analysis, that there is no overlapping item in the
current four items of SNAQ. Additionally, the test-retest 
reliability is excellent and SNAQ has clear correlation with
existing nutritional assessment tools such as MNA and 
PG-SGA. As a result, we found that SNAQ is sufficiently 
reliable and valid tool in nutritional screening of cancer 
patients.

Malnutrition deteriorate the clinical outcome and increase
financial burden in cancer patients [3,5]. Therefore, impor-
tance of early nutritional screening in cancer patients is 
increasing. In one study, higher degree of nutritional screen-
ing is associated with lower prevalence of malnutrition over
time period of 4 years [4]. In other words, nutrition screening
itself prevented malnutrition. Quick nutritional screening
should be done to identify patients at risk of malnutrition to

proceed to further nutritional assessment.
For nutritional screening, several validated tools are com-

monly used. NRS-2002 is extensively validated in hospital-
ized patients to predict morbidity, complication, and length
of admission [6]. MUST is validated in similar in-patient set-
ting [17]. Though these two screening tools showed high 
reproducibility and good correlation with clinical outcome,
they cannot be filled up by the patient alone and information
about disease severity is required to be completed. MNA is
developed to screen elderly people but should be filled up
by trained person because its items include calf circumfer-
ence and psychological problems [18]. MST consists of only
two items and correlates with length of admission in in-pati-
ent setting [8]. But, MST is not validated for out-patients or
cancer patients. These tools (NRN-2002, MUST, and MNA)
have validated role in selecting nutritional risk groups. How-
ever, it is hard to implement screening using these tools in
busy and crowded outpatient clinic due to constraints of time
and space.

SNAQ is developed for screening of nutritional risk in hos-
pitalized patients. The original population is inpatients of
surgical and medical wards including about 20% of cancer
patients. Screening with SNAQ was associated with shorter
hospital stay [10]. SNAQ consists of only four questions
about dietary habits and appetite. The advantage of SNAQ
over other tools is that it can be completed by the subject
alone without the help of a trained person because it is short
and easy. We expect this tool to be applicable to all cancer
patients who will be diagnosed as advanced cancer even in
a busy medical field such as outpatient department or day
hospital.

However, the sensitivity of SNAQ to weight loss exceeding
5% was 56.5% and specificity was 44.3% that showed a score
of almost no discrimination power of 50%. In the receiver 
operating characteristic (ROC) analysis, in the same manner,
the area under the curve of the ROC curve was 0.516 (95%
confidence interval, 0.407 to 0.625) that means there is no sig-
nificance. The results of the ROC analysis for the prediction
of over 10% reduction in body weight were also not signifi-
cant. In the subgroup analyses, it seemed that SNAQ has bet-
ter performance in male, the older patients, those with
gastrointestinal symptom, and who was not receiving che-
motherapy in compared to their counterpart group. How-
ever, there was no subgroup that had acceptable sensitivity
and specificity of SNAQ. Most advanced cancer patients
have multiple factors affecting appetite or dietary habits that
concern body weight regardless of pattern of food intake
such as change of taste and gastrointestinal function, reduced
physical activity, metabolic derangement [5]. Accordingly,
SNAQ may be less sensitive or specific in compared to com-
munity-dwelling elderlies who were original subject popu-
lation of initial study of it [11].

So Yeon Oh, Validation Study of SNAQ Korean Version
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In MNA, around 30% of patients were at risk of malnutri-
tion. Similarly, about 25% of patients were suspected as mod-
erate malnutrition by PG-SGA. On the other hand, the overt
(or severe) malnutrition (4 to 9 patients) were rare by both
MNA and PG-SGA. The prevalence of malnutrition cancer
patients has been reported to range from around 20% to
more than 70% worldwide according to region or countries
[2,3,19-21]. The prevalence of malnutrition in this study is
quite low even when compared to the previous study of 
National Cancer Center of Korea which described the preva-
lence of malnutrition is 61% among hospitalized cancer 
patients [22]. The low prevalence of our study is probably
because the selection and exclusion criteria enabled the par-
ticipation of only patients who can eat food with an expected
survival time of at least 6 months.

Our study has several limitations. First, the SNAQ have
low sensitivity and specificity in predicting weight loss
though its correlation with previously proven tool such as
MNA and PG-SGA is good. Thus, it renders concern that
SNAQ may not be predictive of weight loss within future 6
months in cancer patients. At least, however, we can assume
that SNAQ is related to the nutritional status of the patient
at that time. Therefore, it is a little comfort to us that the role
of SNAQ as a nutritional screening tool has not been com-
promised. Second, the drop-out rate is unexpectedly high.
The originally planned number of required subjects was 182
considering the drop-out rate of 10%. In practice, we enrolled
194 patients but only 155 patients complied with to the end
of the study. Death was the cause of drop-out in 14 patients
that is not beyond expectations. However, the number of 

patients withdrawing consent was higher than originally 
anticipated (n=16). No data were collected on the reasons
why the patient withdrew consent. Although the planned
number of patients could not be met, fortunately, the pri-
mary endpoint was met. Lastly, SNAQ was validated in 
patients with advanced, incurable cancer but not imminent
death in our study. The SNAQ does not provide any infor-
mation about a nutritional screening in other situation of can-
cer patients such as postoperative periods, neo- or adjuvant
treatment setting, or terminal state.

In conclusion, the Korean version of the SNAQ had accept-
able internal consistency, high validity, and reliability. SNAQ
is useful tool for the nutritional screening of advanced cancer
patients. SNAQ had a limitation to predict weight loss of
near future in advanced cancer patients. However, SNAQ
was well correlated with current nutritional status of cancer
patients which was determined by previously proven assess-
ment tools. In a busy clinical field, a simple and easy search
tool like SNAQ is expected to help early detection of malnu-
trition in cancer patients.
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Low Doses of Nonylphenol Promote Growth of Colon Cancer Cells
through Activation of ERK1/2 via G Protein–Coupled Receptor 30

Original Article

Purpose
Nonylphenol (NP) is an endocrine disruptor found in products such as cleaners, plastics,
and detergents. It exerts actions similar to endogenous 17!-estradiol (E2) and is reported
to influence various cancers. However, its role in colon cancer remains elusive.

Materials and Methods
Colon cancer cell lines COLO 205 and SW480 were employed in our study. The cells were
treated with NP or E2 followed by measurement of apoptosis and proliferation using flow
cytometry and MTT assays, respectively. G protein–coupled estrogen receptor 30 (GPR30)
expression was visualized using immunofluorescence and Western blot. To investigate the
underlying mechanism, the expression levels of GPR30, p-protein kinase A (PKA), c-myc,
cyclin D1, and ERK1/2 were analyzed using Western blot. Meanwhile, the GPR30 antagonist
G15 was utilized to validate the role of GPR30 in colon cancer progression. Finally, the effect
of a GPR30 inhibitor on tumor growth was determined in vivo using tumor xenograft mouse
models.

Results
NP facilitated the proliferation of colon cancer cells and induced apoptosis failure in vitro.
Western blot revealed increased GPR30 expression levels in response to NP treatment. 
Cyclin D1, p-PKA, c-myc, and proliferating cell nuclear antigen, proteins that regulate the
cell cycle, were all upregulated by NP, and NP-mediated ERK1/2 activation and subsequent
cell proliferation were abrogated by the GPR30 inhibitor G15. Moreover, colon cancer mice
that received G15 administration demonstrated impaired tumor growth in vivo.  

Conclusion
Low dose NP promotes the growth of colon tumors through GPR30-mediated activation of
ERK1/2 signaling.
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Introduction

Active hormone exposure is common in our lives, for 
example, from cigarettes, automobile exhaust, and cosmetic
products, and the majority of these compounds are xenoe-
strogens, such as nonylphenol (NP), zearalenone, and bis-
phenol A. Xenoestrogens demonstrate estrogenic efficacy in
the body through competitively binding to estrogen recep-
tors. Estrogens regulate their effects through two estrogen

receptors (ERs), ER! and ER", which differentially activate
two downstream pathways. The estrogen response is tissue-
specific and determined by the local ratio of ER! and ER".
Generally, ERs exert their effects through both genomic and
nongenomic mechanisms. In the former pathway, ERs acti-
vate gene transcription through interaction with estrogen 
receptor response elements in DNA. In other cases, ERs mod-
ulate diverse cellular pathways independent of interactions
with DNA. For example, ER! promotes cell proliferation and
survival via phosphoinositide 3-kinase activation, while ER"
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reportedly inhibits cell cycle progression through interac-
tions with cyclin D1 [1]. Recent studies demonstrated a
seven-transmembrane G protein–coupled receptor, GPR30,
rapidly responds to estrogen through cellular signaling [2].
GPR30 is reported to mediate cellular estrogen functions, 
including traditional genomic signaling through transcrip-
tional regulation and rapid non-genomic estrogen signaling.
The study demonstrated that estrogen activates mitogen-
activated protein kinase/ERK1/2 through transactivation of
epidermal growth factor receptor [3]. Subsequently, GPR30
was found to mediate estrogen-induced apoptosis through
upregulating Bcl-2 expression [4]. Moreover, it was reported
that estrogen induces c-fos transcription through ERK1/2 
activation via GPR30, promoting the progression of breast
cancer [5]. Thus, GPR30 seems to participate in estrogen-
mediated tumorigenesis and tumor progression, making it a
potentially efficient therapeutic target for cancer treatment.

Colorectal cancer, also known as colon cancer, is one of the
most common malignant gastrointestinal cancers [6]. The dif-
ferential incidence rate between men and women suggests a
hormonal role in the development of this disease [7]. The role
of estrogen and xenoestrogens in cancer development has
been intensively studied over the past decades. Bisphenol A
reportedly increases the proliferation of human breast cancer
cell lines in vitro and induces oxidative stress [8]. In addition,
neoplastic transformation is observed in human breast 
epithelial cells exposed to bisphenol A [9]. It was reported
that NP increases tumor formation and growth by inhibiting
lymphocyte proliferation and macrophage activation [10].
The study demonstrated that NP enhances the progression
of prostate cancer by modulating proteins that regulate the
cell cycle, apoptosis, and metastasis, such as cyclin D1, cyclin
E, p21, bax, and cathepsin D [11]. However, the effects of NP
on colon cancer remain elusive.

Previous studies revealed a close relationship between
colon cancer and 17!-estradiol (E2), the most abundant and
most potent estrogen in humans. E2 plays a protective role
in the development of colon cancer through ER!, which is
highly expressed in normal colonic mucosa but dramatically
reduced in colon cancer [12]. Estrogen replacement therapy
is reported to reduce colon cancer risk by 30%-40% in post-
menopausal women [13]. It has been suggested that E2 
inhibits the initiation and development of colon cancer,
which could explain the lower incidence rate of colon cancer
in women at all ages compared to men.

In the present study, we report that NP promotes prolifer-
ation and induces apoptosis failure in colon cancer cells
through increasing expression of GPR30, which subse-
quently activates ERK1/2 signaling. In addition, the GPR30
inhibitor G15 abrogated NP-induced proliferation and inhib-
ited tumor growth in vivo. Our study reveals the pro-tumori-
genic role of xenoestrogens in colon cancer and suggests that

GPR30 antagonism could be a novel therapeutic strategy for
colon cancer.

Materials and Methods

1. Animals

Twelve-week-old male nude BALB/c mice were pur-
chased and housed at the animal research facility of Zunyi
Medical College. Mice were acclimatized to laboratory con-
ditions and provided access to food and water ad libitum.
Mice were kept for 7 days before experiments and housed
throughout the study in an environment of 50±10% relative
humidity, 24±2°C, and a 12-hour light/dark cycle.

2. Cell culture and cell treatment

The human colon cancer cell line SW480 and colorectal ade-
nocarcinoma cell line COLO205 were obtained from Ameri-
can Type Culture Collection and cultured in Dulbecco’s
modified Eagle’s medium (DMEM) and minimum essential
medium alpha, respectively. Complete culture medium was
supplemented with 10% fetal bovine serum, 100 U/mL peni-
cillin and 100 µg/mL streptomycin, and cells were cultured
at 37°C in a humidified atmosphere with 5% CO2. All cell cul-
ture reagents were purchased from Invitrogen (Carlsbad,
CA).

For proliferation and immunocytochemistry assays, cells
were divided into three groups: (1) control group, (2) E2
group (cells treated with 10–7, 10–6, or 10–5 M of E2 for 24
hours), (3) NP group (cells treated with 10–7, 10–6, or 10–5 M of
NP for 24 hours). For studying NP’s mechanism, cells were
divided into three groups: (1) control group, (2) NP group
(cells treated with NP for 0, 24, 48, or 72 hours), and (3)
NP+G15 (cells pre-treated with G15 for 90 minutes followed
by changing to medium containing NP).

3. MTT assay

To assess cell proliferation, 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazoliumbromide (MTT) was used. Briefly,
cells were seeded in 96-well plates at a final concentration of
2!104 cells/well. At the end of treatment, the media was 
removed, and 20 µL MTT dye solution (5 mg/mL in phos-
phate buffered saline [PBS] buffer) was added per well and
allowed to incubate at 37°C for 4 hours. Then, the super-
natant was decanted and replaced with 150 µL dimethyl sul-
foxide. After 15-minute incubation with gentle shaking at
37°C, absorbance was measured at a wavelength of 490 nm
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using a microtiter plate reader (Tecan, Maennedorf, Switzer-
land).

4. Flow cytometry for apoptosis analysis

Flow cytometry was employed to detect apoptosis. After
treatment, cells were collected with trypsin digestion solu-
tion, washed twice with PBS, and resuspended in 200 µL PBS.
For apoptosis analysis, the Annexin V/Dead Cell Apoptosis
Kit (Invitrogen) was utilized according to the manufacturer’s
instructions. Briefly, 5 µL Annexin V-FITC and 5 µL propid-
ium iodide were added to each well, and the cells were incu-
bated in the dark for 15 minutes. Then, apoptosis was
measured using a FACScan flow cytometer (Becton, CA)
equipped with CellQuest Software (Becton Dickinson).

5. Immunocytochemistry

Cells were fixed with 4% paraformaldehyde, washed with
PBS, and permeabilized with 0.1% Triton X-100 for 5 min-
utes. Samples were then blocked for 1 hour with 5% bovine
serum albumin in PBS. Then, cells were incubated with rab-
bit anti-GPR30 (Abcam, Cambridge, MA) primary antibody
for 1 hour at room temperature. Specific secondary antibod-
ies conjugated with green fluorescent protein fluorochrome
(Invitrogen) were subsequently incubated with cells for 1
hour at room temperature. After PBS washes, slides were
mounted. Images were captured using an optical microscope
(DP73, Olympus Corp.).

6. RNA extraction, reverse transcription, and quantitative
polymerase chain reaction

Total RNA was extracted using TRIzol reagent (Invitrogen)
according to the manufacturer’s instructions, and each sam-
ple was reverse transcribed to cDNA using the PrimeScript
RT reagent Kit with gDNA Eraser (Takara, Dalian, China).
Gene expression of GPR30, proliferating cell nuclear antigen
(PCNA), c-myc, and cyclin D1 was measured by real-time
quantitative reverse transcription polymerase chain reaction
(qRT-PCR) using an Applied Biosystems 7500 Fast RealTime
qRT-PCR machine. Polymerase chain reaction primers used
for reverse transcription polymerase chain reaction were syn-
thesized by Invitrogen and sequences are as follows: hPCNA-
216 forward primers, CGGATACCTTGGCGCTAGTA; hPC-
NA-216 reverse primers, TCACTCCGTCTTTTGCACAG; 
hc-myc-175 forward primers, GGACTTGTTGCGGAAAC-
GAC; hc-myc-175 reverse primers, CTCAGCCAAGGTTGT-
GAGGT; hcyclinD1-113 forward primers, AGCTGTGCAT-
CTACACCGAC; hcyclin-D1-113 reverse primers, GAAAT-
CGTGCGGGGTCATTG; hGPR30 forward primers, CTCT-
TCCCCATCGGCTTTGT; hGPR30 reverse primers, TACAG-

GTCGGGGATGGTCAT; hGAPDH forward primers, CCTC-
CCGCTTCGCTCTCT; hGAPDH reverse primers, CCGTT-
GACTCCGACCTTCAC.

7. Western blotting

Whole cell extracts were prepared from tissue or cells
using RIPA buffer, and protein concentrations were deter-
mined using a bicinchoninic acid assay. Equal aliquots of
proteins were separated using 8%-10% sodium dodecyl sul-
fate polyacrylamide gel electrophoresis. Following electro-
phoresis, separated proteins were transferred onto polyviny-
lidene difluoride membranes (EMD Millipore, Billerica, MA)
and blocked with 5% BSA for 1 hour at room temperature.
Membranes were then incubated overnight at 4°C with pri-
mary antibodies. Primary antibodies used are as follows:
anti-GPR30 (ab39742) and anti-GAPDH (ab8245) was pur-
chased from Abcam (Cambridge, UK), anti-ERK1/2 (#9194),
and anti-ERK1/2 (#8544), PCNA (#13110), ani-phosphory-
lated protein kinase A (pPKA) (#5661), anti-PKA (#4782), 
c-myc (#5605), and cyclin D1 (#2978) were purchased from
Santa Cruz Biotechnology (Boston, MA). Membranes were
then washed with TBST buffer and incubated with horserad-
ish peroxidase–conjugated secondary antibody for 1 hour.
Protein bands were visualized using the enhanced chemilu-
minescence detection system (GE ImageQuantLAS4000,
Tokyo, Japan). Band intensity was quantified using ImageJ
software.

8. Soft agar colony formation assay

The soft agar colony-forming assay was performed to 
assess the colony formation and invasion potential of cancer
cells. Briefly, 24 hours after treatment, cells were mixed with
DMEM containing 0.35% soft agar (Sigma-Aldrich, St. Louis,
MO). Then, cells were seeded in 35-mm dishes coated with
DMEM containing 0.6% soft agar. After 10 days, the number
of colonies were counted, and images were captured using
an optical microscope (DP73, Olympus Corp.).

9. Tumor xenografts in athymic nude mice

SW480 cells were suspended in PBS at a final concentration
of 1!108 cells/mL. A volume of 0.1 mL of suspended cells
was subcutaneously injected into a single side of the poste-
rior flank of each mouse (n=5/group). Five days after cell 
injection, tumor-bearing mice were randomly divided into
three groups (6 animals per group): (1) control (no treat-
ment), (2) NP treatment (80 µmol/kg), or (3) NP+G15 treat-
ment (mice were administered 200 µg/kg G15 2 days before
sacrifice). Mice were intraperitoneally injected with corn oil
at a dose of 10 mL/kg for 14 days. At the end of the treat-
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Fig. 1.  Nonylphenol (NP) increases cell proliferation and inhibits apoptosis in colon cancer cells. (A) Cell viability detected
by MTT assay. (B) Apoptosis analyzed by flow cytometry. n=3. Significant difference compared to the control group (**p <
0.01). E2, 17!-estradiol.
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ment, animals were sacrificed. Briefly, mice were anaes-
thetized with isoflurane in a closed chamber followed by 
exposure to carbon dioxide for ten minutes for euthanasia,
and tumors were photographed.

10. Histology

Isolated lung tissues were embedded in paraffin and cut
into 4 µM sections using a rotary microtome (Leica, Mann-
heim, Germany). Haematoxylin and eosin staining was used
to visualize tissue structure. Dried slices were soaked in 
xylene, dewaxed for 10 minutes, rehydrated, rinsed in hema-
toxylin for 5 minutes and washed again prior to differentia-
tion with 1% hydrochloric acid alcohol. Then, slides were
stained with 0.55 eosin for 30 seconds, dehydrated with gra-
dient alcohol, and soaked in xylene three times. Finally,
slides were mounted using neutral gum. For immunohisto-

chemistry staining, slides were stained with antibodies
against Ki67 (#9449, Cell Signaling Technologies, Boston,
MA) before hematoxylin co-staining. Histopathological
changes of tissues were analyzed using an optical micro-
scope (DP73, Olympus Corp.).

11. Statistics

Data are presented as the mean±standard error of mean.
Statistical analysis between multiple groups was performed
using one-way analysis of variance (ANOVA) with Dun-
nett’s post-test. Student’s t test was employed to compare 
differences between the two groups. A two-sided value of 
p < 0.05 was considered statistically significant. All statistical
analyses were performed using GraphPad Prism 5 software
(GraphPad Software, La Jolla, CA).

Fig. 2.  Nonylphenol (NP) increases expression of G protein–coupled estrogen receptor 30 (GPR30). (A) Immunocytochem-
istry staining of GPR30 (red) and nuclei (blue) in COLO 205 and SW480 cells. (B) Western blot of GPR30 levels in cells 
(**p < 0.01). GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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Fig. 3.  Nonylphenol (NP) promotes cell proliferation of colon cancer cells through G protein–coupled estrogen receptor 30
(GPR30). (A) Cell viability detected by MTT assay. (B) Colony formation efficiency analyzed using soft agar colony formation
assay. (C) Apoptosis analyzed by flow cytometry. n=3. Significant difference compared to the control group (*p < 0.05, 
**p < 0.01). G15, GPR30 inhibitor.
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12. Ethical statement

All experiments were conducted in accordance with the
ethical guidelines and protocols were approved by the Ani-
mal Care and Use Committee of the Zunyi Medical College.

Results

1. NP promotes cell proliferation and apoptosis failure in
colon cancer cells

To investigate the effects of NP on colon carcinoma in vitro,
the colon cancer cell line COLO 205 and the colon adenocar-

cinoma cell line SW480 were exposed to treatment with NP
or E2, ranging from 10–7 to 10–5 µM. MTT assay revealed that
E2 selectively reduced the proliferation rate of colon cancer
cells, as cell viability was unchanged in SW480 cells treated
with E2 (Fig. 1A). Meanwhile, NP dose-dependently increa-
sed cell viability of both cell lines. Next, flow cytometry was
employed to assess apoptosis. As shown in Fig. 1B, E2 dra-
matically increased the rate of apoptosis in COLO 205 cells,
but no significant alteration was observed in SW480 cells.
However, NP significantly reduced the ratio of apoptotic
cells. Taken together, these data suggest that NP facilitates
cell proliferation and suppresses apoptosis in colon cancer
cells.

Fig. 5.  Nonylphenol (NP) activates ERK1/2 signaling in colon cancer cells. (A) Western blot of phosphorylated ERK1/2 
(p-ERK1/2) and total ERK1/2 proteins in COLO 205 cells. Graph represents the quantified grey-scale of bands. n=3. (B) Sig-
nificant difference compared to the control group (**p < 0.01). ns, not significant.
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2. NP-mediated cell proliferation is GPR30-dependent

Environmental estrogens demonstrate relatively high

binding affinities for the seven-transmembrane receptor

GPR30 compared to classical estrogen receptors [14]. Fur-

thermore, GPR30 has been implicated in regulating cell pro-

liferation and invasion in numerous cancers [15,16]. Thus,

we hypothesized that GPR30 participates in NP-mediated

proliferation. Immunocytochemistry staining revealed that

in COLO 205 and SW480 cells, no obvious changes occurred

in GPR30 expression in the E2 treatment group (Fig. 2A). In

contrast, NP significantly enhanced the expression level of

GPR30, as shown by increased red fluorescence intensity of

cells membranes. Next, total protein was extracted, and the

expression level of GPR30 was assessed using Western blot.

Consistent with the immunofluorescence results, Western

blot demonstrated that NP increases the GPR30 expression

level (Fig. 2B).

Next, G15, a GPR30 antagonist, was employed to confirm

the role of GPR30 in colon cancer cells receiving NP treat-

ment [17]. In COLO 205 cells, NP-induced cell proliferation

was reversed by treatment with G15 (Fig. 3A), and similar

results were observed in SW480 cells. Next, the colony for-

mation efficiencies of COLO 205 and SW480 were evaluated

using soft agar colony formation assay. NP significantly 

increased the colony formation capacity of colon cancer cells,

which was dramatically inhibited in the G15 group. More-

over, NP-induced apoptosis failure was abrogated by G15

(Fig. 3C). Taken together, NP boosted the proliferation of

colon cancer cells through activating GPR30, thereby protect-

ing cancer cells from apoptosis.

Fig. 6.  Nonylphenol (NP) accelerates tumor growth of colon carcinoma in vivo. (A) Representative images of tumors from

xenografts receiving various treatments for 15 days. (B) Tumor volume was calculated every 5 days after injection, and

tumors were dissected after 30 days. (C) Weight of tumors harvested from mice at the end of experiments (*p < 0.05, **p <

0.01). (D) Immunohistochemistry staining of Ki67. Scale bar=300 µm.
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3. NP regulates the proliferation of colon cancer cells
through ERK1/2 signaling

To unravel the mechanism by which NP-stimulated GPR-
30 regulates cell proliferation in colon cancer cells, we exam-
ined the effects of GPR30 on c-myc, a transcription factor that
regulates tumorigenesis. mRNA levels of c-myc, proliferation
marker PCNA, and cyclin D1 were significantly upregulated
in response to NP treatment (Fig. 4A). Co-treatment of
NP+G15 caused the NP-induced upregulation of the proteins
mentioned above back to basal levels. The Western blot 
results were consistent with that of qRT-PCR (Fig. 4B). To 
assess the significance of GPR30 and p-PKA in NP-induced
proliferation, we treated cells with either NP or NP+G15. The
results showed that GPR30 and p-PKA increased in NP-chal-
lenged cells and decreased in NP+G15-treated cells when
compared to the NP group.

Previous studies reported that GPR30 promotes the growth
of Sertoli TM4 cell through activation of ERK1/2 [18]. Next,
we assessed the activation of ERK signaling and discovered
that the ratio of p-ERK/ERK was remarkably increased by
NP (Fig. 5A and B). Our results indicate that NP mediates
the proliferation of colon cancer cells through the activation
of ERK1/2 signaling.

4. NP facilitates tumor growth of colon carcinoma in vivo

To evaluate the effects of NP in colon carcinoma tumori-
genesis in vivo, COLO 205 cells were subcutaneously injec-
ted into nude mice. Mice were divided into control, NP
treatment, and NP+G15 groups. At the end of 14-day treat-
ments, animals were sacrificed, and tumors were excised.
The results revealed that compared to the control group, the
tumor size, volume, and weight were significantly inhibited
by G15 treatment (Fig. 6A-C). Next, we investigated the 
expression of Ki67 in tumor tissues. Immunohistochemical
data demonstrated that NP-induced increases in Ki67 were
significantly suppressed by G15 (Fig. 6D). Taken together,
these data suggest that NP promotes colon cancer cell pro-
liferation in a GPR30-dependent manner.

Discussion

GPR30 is widely expressed in various tissues and cells, 
including lung, liver, prostate, and ovary. In addition, GPR30
is highly expressed in numerous estrogen relevant diseases
and plays a role in E2-mediated efficacy, for example, in pro-
moting cell proliferation, cell metastasis and enhancing
apoptosis [2,14,19]. Arias-Pulido et al. [20] analyzed the 

expression of GPR30 in 88 primary inflammatory breast can-
cer patients and found that 69% of them were GPR30 posi-
tive. Co-expression of GRP30 and ER is associated with
improved overall survival or disease-free survival. A signif-
icant increase in GPR30 expression was also reported in
human non-small cell lung cancer cell lines compared to 
immortalized normal lung bronchial epithelial cells [21]. He
et al. [22] reported that GPR30 mediates the invasion and car-
cinogenesis of endometrial cancer cell line RL95-2 through
mitogen-activated protein kinase (MARK) activation. These
findings suggest that GPR30 mediates the development of
numerous tumors, and direct modulation of GPR30 might be
a novel strategy for cancer treatment.

In the present study, we report that NP increases prolifer-
ation of COLO 205 and SW480 cells. Since ER! is absent in
COLO 205 cells and endogenous ER" was not detectable in
SW480 cells, NP may exert its function independent of classic
ERs [23]. Traditionally, the gene regulation effects of oestro-
genic activities have been ascribed to two nuclear hormone
receptors, ER! and ER" [24]. However, over the past decades,
a seven-transmembrane G protein–coupled receptor, GPR30,
has been discovered as a novel mechanism of estrogen-
mediated rapid cellular signaling [2,25]. The affinity of E2
and GPR30 is 10 times greater than that of E2 for ER!, and
GPR30 mediates E2-induced nongenomic signaling activi-
ties, including adenylyl cyclase stimulation, EGFR transac-
tion, and MAPK activation [16]. In a study of 566 colorectal
cancer patients, GPR30 expression was closely associated
with poor survival in cancer stages 3-4 in female but not in
male patients [26]. Herein, we also observed upregulated 
expression of GPR30 in colon cancer cells exposed to NP
treatment, supporting the protumorigenic role of GPR30 in
estrogen-mediated colon carcinoma proliferation and sug-
gesting that intervention with GPR30 antagonists may serve
as a novel therapeutic strategy.

NP has been shown to promote the proliferation of breast
cancer cells as a consequence of the activation of ER! [27].
However, ER" is the predominant estrogen receptor in colon
cancer, with limited or no expression of ER! being detected.
Expression of ER" is down regulated in tissues of patients
with colon cancer. Different from GPR30, ER" usually con-
veys protective effects against colon cancer in vivo. Nguyen-
Vu et al. [28] elucidated that ER" upregulates the expression
level of miR-205, which targets oncogenic prospero homebox
1 via its 3" untranslated region, suppressing the proliferation
and metastatic capacity of colon cancer. Hartman et al. [29]
demonstrated that ER" inhibits colon cancer xenograft
growth through cell-cycle modulation. Thus, the combina-
tion of ER" and GPR30 antagonists would be a promising
strategy for colon cancer control.

Taken together, our study indicates that NP affects apop-
tosis and proliferation of colon cancer through GPR30 and
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ERK1/2 signaling, suggesting that GPR30 is a potential tar-
get for colon cancer treatment.
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Purpose

Physician Orders for Life-Sustaining Treatment (POLST) form is a legal document for termi-

nally ill patients to make medical decisions with physicians near the end-of-life. A multicenter

prospective study was conducted to evaluate the feasibility of POLST administration in actual

oncological practice.

Materials and Methods

Patients with terminal cancer, age ! 20 years, and capable of communicating were eligible.

The primary endpoint was the completion rate of POLST. Data about physicians’ or patients’

barriers were also collected.

Results

From June to December 2017, 336 patients from seven hospitals were eligible. Median

patient age was 66 years (range, 20 to 94 years); 52.7% were male; and 60.4% had poor

performance status. Primary cancer sites were hepato-pancreato-biliary (26.2%), lung

(23.2%), and gastrointestinal (19.9%). Expected survival duration was 10.6±7.3 weeks,

with 41.2% receiving hospice care, 37.9% showing progression after cancer treatment, and

the remaining patients were under active treatment (15.8%) or initially diagnosed with ter-

minal cancer (5.1%). POLST forms were introduced to 60.1% of patients, and 31.3% signed

the form. Physicians’ barriers were reluctance of family (49.7%), lack of rapport (44.8%),

patients’ denial of prognosis (34.3%), lack of time (22.7%), guilty feelings (21.5%), and 

uncertainty about either prognosis (21.0%) or the right time to discuss POLST (16.6%). The

patients’ barriers were the lack of knowledge/understanding of POLST (65.1%), emotional

discomfort (63.5%), difficulty in decision-making (66.7%), or denial of prognosis (14.3%).

Conclusion

One-third of patients completed POLST forms, and various barriers were identified. To over-

come such barriers, social engagement, education, and systematic support might be nec-

essary.
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Physician Orders for Life-Sustaining Treatment, Terminal cancer, 
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Introduction

In 2009, the Supreme Court of South Korea imposed the
withdrawal of a mechanical ventilator used for a female 
patient, who had been in vegetative status, based on her pre-
sumed preferences for end-of-life (EOL) care [1]. This historic
judgment aroused public interest regarding discontinuation
of futile life-sustaining treatment (LST). An intensive discus-
sion ensued to reach a social consensus for patient autonomy
regarding the right to make decisions about EOL treatments.
The resulting Life-Sustaining Treatment Decision-Making
Act came into full effect in February 2018 [2]. To protect the
autonomy and dignity of terminally ill patients, patients can
discuss the Physician Orders for Life-Sustaining Treatment
(POLST) form with their physicians to decide whether they
want to apply or suspend life-prolonging treatment near
death. The POLST form is a medical document that mainly
pertains to a patient’s future care, including EOL care pref-
erences in case they lose the capacity to make decisions. 
Decision-making primarily addresses preferences for LST.
An advance directive (AD) is a legal document written by
anyone regardless of his/her illness, and it includes a future
medical care plan, living will, or designation of power of 
attorney [3]. Both POLST and AD are included in advance
care planning (ACP). The ultimate goal of these documents
is to respect patient’s autonomy, to facilitate shared goals of
care by participating in the decision-making process, includ-
ing EOL care, and improve patients’ quality of life [4].

In Korea, attitudes toward discussion of EOL care or AD
may become more favorable according to previous surveys
conducted among patients with cancer, their families, oncol-
ogists, and the general public [5,6]. Community-dwelling
elderly individuals have positive attitudes toward AD, and
most participants completed the Korean-AD model [6].
However, concerns remain regarding the application of an
AD or POLST process in actual clinical practice. First, 
patients are often excluded from the loop of communication
of bad news and the decision-making process, which has pre-
dominantly occurred between physicians and family mem-
bers. Furthermore, EOL discussions are delayed until the
very EOL when patients rapidly deteriorate and even 
unaware of their impending death [7-9]. For those reasons,
EOL discussion mostly involves family members, and few
patients complete an AD or POLST by themselves in hospi-
tal-based studies [9,10]. In addition, lack of knowledge, emo-
tional discomfort of talking about death, or systematic com-
plexity of the process could be other potential barriers.

In this study, we aimed to evaluate the feasibility of dis-
cussing POLST in actual oncologic practice. Physicians’ and
patients’ barriers were also explored, which could be inform-
ative in finding systematic solutions that facilitate the process

of POLST documentation.

Materials and Methods

1. Participants

We designed a prospective, multicenter study that inclu-
ded medical oncologists from seven general hospitals. Eligi-
bility criteria were patients aged ! 20 years with terminal
cancer. Terminal cancer is defined as follows: life expectancy
of less than several months due to cancer progression despite
anticancer treatment or irreversible deterioration of perform-
ance status or organ function due to cancer progression [11].
Patients were excluded if they could not sufficiently commu-
nicate due to severe illness or cognitive impairment.

2. Data collection and procedures

First, the physician in charge tried to introduce the concept
of the POLST form to eligible patients. If the form was not
formally introduced for any reasons, the questionnaire about
physicians’ barriers was completed by the physician. Patients
who were informed about the form but declined further dis-
cussion were asked to complete a questionnaire about pati-
ents’ barriers. Patients who agreed to discuss the POLST
form received detailed explanations and completed the form
with the physicians. If the patient declined to complete the
form after discussion with the physician, they were also
asked to complete the patients’ barrier questionnaire.

The POLST form included the following themes: informa-
tion about the current status of the disease and treatment 
options; decision-making for the use of LST; decisions con-
cerning hospice care; and information on processes for com-
pletion, registration, storage, modification, and withdrawal
of the form. LST issues included the use of cardiopulmonary
resuscitation (CPR), artificial ventilation, hemodialysis, and
anticancer treatment at the EOL. The POLST form was com-
pleted if the patient signed the form with confirmation from
the physician.

The above procedure was repeated if any significant chan-
ges occurred in patients’ conditions or personal circum-
stances. Demographic data, including age, sex, Eastern Coo-
perative Oncology Group (ECOG) performance status, diag-
nosis, status of care, follow-up status, and life expectancy
were collected.
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3. Statistical analysis

The primary endpoint was completion rate of the POLST
form defined by the number of patients completed the form
divided by the total number of eligible patients. Secondary
endpoints were identifying barriers of discussing the POLST.
The number of patients was calculated based on the assump-
tion that five patients with terminal cancer are expected to
visit each hospital monthly, which estimated that approxi-
mately 300 patients would be eligible from the date of insti-
tutional review board (IRB) approval until the end of 2017. 

Clinical characteristics were presented as counts (percent-
age) for categorical variables and as median values (range)
or mean±standard deviation for continuous variables. Des-
criptive analysis was used to assess barriers for POLST use.

4. Ethical statement

This study was approved by the Institutional Review
Board of Ulsan University Hospital with a waiver of infor-
med consent (UUH IRB No. 2017-05-003) and performed in
accordance with the principles of the Declaration of Helsinki.

Results

1. Patient characteristics

From June to December 2017, 336 patients were eligible.
The clinical characteristics of the patients are summarized in
Table 1. Median age was 66 years (range, 20 to 94 years), 177
(52.7%) were male, and 203 (60.4%) displayed ECOG 3 or 4
performance status. The primary cancer site was hepato-pan-
creato-biliary (26.2%), followed by lung (23.2%), gastroin-
testinal (19.9%), and breast (10.1%). The others included
brain tumor, leukemia, malignancy with unknown primary,
soft tissue sarcoma, neuroendocrine tumor, multiple mye-
loma, skin cancer, and thyroid cancer. At the time of enroll-
ment, 138 patients (41.2%) were in hospice care, and 127
(37.9%) showed disease progression after anticancer treat-
ment. Remaining patients were still under active treatment
(15.8%) or were initially diagnosed as terminal cancer (5.1%).
More than half of patients were recently transferred from
other departments (27.3%) or hospitals (30.8%), with a 
median follow-up duration of 90 days (range, 1 to 4,046
days). The mean life expectancy of patients, as estimated by
their physicians-in-charge, was 10.6±7.3 weeks.

Table 1. Baseline characteristics of the eligible patients

ECOG, Eastern Cooperative Oncology Group.

Characteristic
No. of patients 

(n=336)

Age, median (range, yr) 66 (20-94)
Sex

Male 177 (52.7)
Female 159 (47.3)

ECOG

1/2 133 (39.6)
3/4 203 (60.4)

Diagnosis

Hepato-pancreato-biliary cancer 88 (26.2)
Lung cancer 78 (23.2)
Gastrointestinal cancer 67 (19.9)
Breast cancer 34 (10.1)
Genitourinary tract cancer 26 (7.7)
Head and neck cancer 19 (5.7)
Others 24 (7.1)

Treatment status

Initially diagnosed with terminal cancer 17 (5.1)
Under anticancer treatment 53 (15.8)
After disease progression 127 (37.8)
Hospice care 138 (41.1)

Follow-up status

During follow-up 140 (41.9)
Transferred from other departments 91 (27.3)
Transferred from other hospitals 103 (30.8)

Life expectancy (wk) 10.6±7.3

Total patients
(n=336)

No
(n=134, 39.9%)

Yes
(n=202, 60.1%)

Introduction of POLST

No
(n=97, 48.0%)

Yes
(n=105, 52.0%)

Completion of POLST

Fig. 1. Patients’ diagram. POLST, Physician’s Order for
Life-sustaining Treatment.
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2. Process of POLST

POLST forms were introduced to 202 patients (60.1%), of

which 105 (52.0%) signed the form (Fig. 1). Among all eligible

patients (n=336), the completion rate of the POLST form was

31.3%. For the 202 patients who started to discuss the POLST,

the number of discussions was one (84.7%), two (13.3%), and

three (2.0%). The median time required for discussions was

35 minutes (range, 5 to 120 minutes). Most patients who com-

pleted the POLST refused LST at EOL: CPR (98.1%), artificial

ventilation (99.1%), hemodialysis (98.1%), and anticancer

treatment (91.4%). Seventy-four patients (89.2%) agreed to

hospice care. There was no difference of POLST completion

rate between hospice patients (n=43, 31.2%) and non-hospice

patients (n=62, 31.3%, p=0.976).

3. Physicians’ barrier for introducing the POLST

Of the 134 patients that were not introduced to the POLST

by the physicians, the questionnaires about the physicians’

barriers were completed for 109 cases. Table 2 shows barriers

to introduction of POLST from the physicians’ perspectives.

The major barrier was reluctance or conflict within family

members (49.7%). Family members were unwilling for pati-

ents to engage in EOL discussion or conflicts among family

members existed for engaging in such discussions. The sec-

ond most common barrier was the lack of rapport with pati-

ents for discussing sensitive issues, such as EOL care and

death (44.8%). Physicians also expressed guilty feelings, such

as depriving patients of hope or giving up on patients’ care

(21.5%). Patients’ denial or avoidance of their prognosis

(34.3%), lack of sufficient time in discussing the POLST

(22.7%), uncertainty of cancer prognostication (21.0%), or

right time for having such a discussion (16.6%) were also

identified as common barriers.

4. Patient’s barrier in completing the POLST

Of the 97 patients who declined to complete the POLST,

63 completed the questionnaire about the patients’ barrier

(Table 3). The most frequently reported patient’s barrier was

decisional difficulty (66.7%), lack of knowledge/understand-

ing (65.1%) of the POLST, and emotional discomfort (63.5%).

Lack of knowledge or understanding of the POLST was the

main barrier: 21 patients (41.3%) reported difficulty in 

understanding the terms or process of the POLST or LST; 21

(41.3%) patients had difficulty in understanding the POLST

paradigm. Emotional discomfort was also a common barrier

for 40 patients (63.5%). Specifically, 19 patients (29.7%)  repor-

ted concerns that signing the document considered as giv-

ing-up of treatment or being abandoned by their physicians;

28 (43.8%) reported fear of bad things happening after the

POLST documentation; 19 (29.7%) felt anxious when talking

about death. Forty-two patients (66.7%) did not want to

make EOL decision by themselves but want their families or

doctors to make the decision for them (44.4% and 34.9%, res-

pectively). Nine patients (14.3%) stated that their disease was

not severe enough to discuss the form (not yet, not at this

point, or not sick enough). None of the patients answered

that they did not trust their physicians.

Table 2. Physicians’ barriers

POLST, Physician’s Order for Life-sustaining Treatment.

Type of barrier
No. (%)

(n=181)

Families’ reluctance and/or conflict 90 (49.7)

Lack of rapport with patients 81 (44.8)

Patients’ denial or avoidance of the prognosis 62 (34.3)

Lack of time for discussing the POLST 41 (22.7)

Fear of depriving patients’ hope or 39 (21.5)

of abandonment

Uncertainty of cancer prognostication 38 (21.0)

Uncertainty of the right time for POLST discussion 30 (16.6)

Table 3. Patients’ barriers

POLST, Physician’s Order for Life-sustaining Treatment.

Type of barrier
No. (%)

(n=63)

Lack of knowledge/Understanding 41 (65.1)

Lack of knowledge about POLST 26 (41.3)

Lack of understanding of the POLST paradigm 26 (41.3)

Emotional discomfort 40 (63.5)

Fear of giving-up or being abandoned by 19 (30.2)

their physicians

Fear of bad things happening after 28 (44.4)

a POLST documentation

Discomfort in talking about death 19 (30.2)

Refusal or difficulty in decision-making 42 (66.7)

Trust for family as a surrogate decision-maker 28 (44.4)

Trust for a physician as a surrogate 22 (34.9)

decision-maker

Denial of prognosis 9 (14.3)
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Discussion

In this study, we assessed the feasibility of the POLST doc-
umentation for patients with terminal cancer in actual onco-
logic practice. Approximately one-third of patients com-
pleted the POLST form, and various barriers were identified
from both physicians’ and patients’ perspectives.

Numerous studies have assessed the use of ACP or AD,
but POLST use has been less commonly studied. Particularly,
reports about the preferences for LST including ‘do not 
resuscitate’ were found in few studies that examined ACP or
AD [12-14], and even fewer were documented by physicians
[12,15]. To date, the POLST form is widely accepted in some
states in the United States, where completion rate for the
POLST form is much higher than that reported in current
and previous studies [16,17]. In line with the growing interest
in patient’s autonomy in Korea, recent studies have shown
that patients are becoming more involved in EOL discussions
(35.5%-55.6%) [18,19]. However, most studies have been ret-
rospective or cross-sectional studies without intervention, or
they included too limited or broad populations.

To the best of our knowledge, this study is the first pros-
pective, multicenter study that assesses the feasibility of com-
pleting the POLST form for patients with terminal cancer in
Korea. The strength of our study is that a wide range of pati-
ents with terminal cancer was included: patients with vari-
ous cancer types; treatment status ranging from patients
recently diagnosed with cancer to patients receiving hospice
cares; and follow-up status from new patients to patients
with long-term follow-up. Seven hospitals from various 
regions participated, and a consistent process for POLST 
administration was followed. Considering that our study 
reflected the real oncologic situation in encountering patients
with terminal cancer, a completion rate of 31.3% suggests
that the POLST process may be applicable to patients with
terminal cancer.

A variety of barriers of discussing the POLST form emerged
from the perspectives of both physicians and patients in this
study. The POLST was not even introduced in 39.9% of 
patients. From the physician’s perspectives, reluctance of
family members was the most common barrier to introduce
the form. This reluctance was more frequent in this study
than in previous studies conducted in Western countries 
[20-22]. Family-centered culture in Eastern countries includ-
ing Korea, in which family makes important decisions about
a patient’s care, could be possible reason [8]. Consistent with
previous reports [20,22,23], emotional discomfort for dis-
cussing the POLST was also a common barrier for physi-
cians. In the Korean society where talking about death or
dying is considered taboo, physicians have difficulty in 
delivering bad news or having POLST discussions directly

with their patients. The belief that patients are not willing to
participate in EOL discussion, fear of destroying patients’
hope, fear of losing their patients, or lack of longstanding 
relationships with the patients were primary emotional bar-
riers. Patient’s denial of their disease prognosis, uncertainty
about prognostication, or right time for POLST discussion
was also important barriers [13,20,23]. Despite the fact that
the prognosis of cancer is relatively predictable compared
with other non-cancerous disease [23] and that hemato-
oncology specialists participated in the study, it is still chal-
lenging to determine the exact prognosis and right time dis-
cussing the POLST.

From the patients’ perspectives, lack of knowledge or poor
understanding of the POLST was the major barrier for its
completion, consistent with previous studies [13,19,20,24].
Patients had difficulty in understanding the POLST, such as
concept, the process, and advantages and disadvantages.
Emotional discomfort for discussing the POLST was also an
important barrier, which was also consistent with previous
reports [19,21,23]. Patients showed fear of being abandoned
by their physicians and fear of losing hope or experiencing
unfavorable events if they sign the POLST form. In addition,
some patients preferred letting their family or doctors make
decisions for their future medical care. These barriers might
reflect emotional discomfort related to EOL discussions or
lack of capacity to make decisions for EOL medical care. In
Eastern countries, people favor making EOL decisions with
their family members [25].

Systematic barriers, including lack of infrastructure (time,
space, trained human resources, or systemic support), were
also important in previous studies [20,21,26,27]. Our study
also revealed lack of time as a barrier. The median time requi-
red for the POLST discussion was 35 minutes, which is sig-
nificantly longer than the average outpatient consultation
time of 5 minutes in Korea [28].

These barriers are interrelated and should not be inter-
preted in isolation. Means of overcoming barriers might be
also interconnected. First, public engagement in an open dis-
cussion about death or dying should become more natural
in Korean society to relieve the emotional barrier. Evidence
shows that patients expect their physicians to initiate an hon-
est and open conversation about their disease and prognosis
[7,21,25]. Simply being asked to discuss AD or POLST facil-
itates such a process [12,15]. In fact, half of the patients in this
study completed the POLST document after being asked.
Unfortunately, health-care providers, including physicians,
are not adequately trained for delivery of bad news and EOL
communication. Therefore, education regarding communi-
cation skills among health-care providers who engage in
EOL discussion is extremely important [29]. Professional
training may ease emotional and technical difficulties asso-
ciated with EOL discussions.
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Further, patients want to know what ensues after complet-
ing the POLST form. Detailed explanations about palliative
care to relieve suffering might be helpful in decreasing emo-
tional barriers of patients [21]. Since lack of knowledge was
the main barrier, public awareness or educational campaigns
using decision support tools are needed to increase knowl-
edge in the general public about EOL discussions [30].

Third, designation of surrogates who can make EOL deci-
sions for patients could enhance the completion rate of the
POLST document. Designation of surrogates is a major com-
ponent of ACP, AD, and POLST, and surrogates participate
in POLST documentation in other countries, though not in
Korea. Our study shows that major barriers included reluc-
tance of family members, physicians, and patients to directly
discuss this sensitive issue with patients. In addition, some
terminal cancer patients could not initiate the POLST discus-
sion because of physical or mental insufficiency. Although
patients’ autonomy is an important aspect of the POLST
form, designation of surrogates can indirectly reflect the best
interests of patients.

The limited time of physicians is also a challenging barrier.
Systemic support, such as simplifying the process, involving
trained non-physician facilitators, and being compensated
for health-care costs, might help overcome this barrier [27]. 

This study had limitations. First, some selection bias exi-
sted for overestimating results. Hemato-oncology specialists
who might be more familiar and experienced with EOL dis-
cussions participated in this study. Few large tertiary hospi-
tals focusing on active anticancer treatment participated. In

addition, we included patients who were capable of commu-
nicating, which excluded the majority of patients with termi-
nal cancer because of poor performance status and inability
to communicate. A considerable number of patients had 
already chosen hospice care. Although the completion rate
of POLST was not different between hospice and non-hos-
pice patients in our study, caution should be taken when
generalizing our results. Second, some physicians and pati-
ents did not complete the questionnaire, and the barriers
from the family members’ perspectives were not investi-
gated. Third, we focused on the completion of the POLST but
not evaluated the qualities or outcomes of the documents.

In conclusions, one-third of patients with terminal cancer
completed the POLST, and a wide range of barriers from
physicians, families, patients, and systematic aspects were
identified. These were interconnected, and there are rooms
for the improvement of the POLST discussion. Further stud-
ies need to be conducted to investigate the quality or out-
comes of the POLST decision in the future.
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Validation of the 8th AJCC Cancer Staging System for Pancreas 
Neuroendocrine Tumors Using Korean Nationwide Surgery Database

Original Article

Purpose
The 8th edition of the American Joint Committee on Cancer (AJCC) staging system for pan-
creatic neuroendocrine tumor (PNET) included several significant changes. We aim to eval-
uate this staging system compared to the 7th edition AJCC staging system and European
Neuroendocrine Tumors Society (ENETS) system.

Materials and Methods
We used Korean nationwide surgery database (2000-2014). Of 972 patients who had 
undergone surgery for PNET, excluding patients diagnosed with ENETS/World Health Orga-
nization 2010 grade 3 (G3), only 472 patients with accurate stage were included.

Results
Poor discrimination in overall survival rate (OSR) was noted between AJCC 8th stage III and
IV (p=0.180). The disease-free survival (DFS) curves of 8th AJCC classification were well
separated between all stages. Compared with stage I, the hazard ratio of II, III, and IV was
3.808, 13.928, and 30.618, respectively (p=0.007, p < 0.001, and p < 0.001). The curves
of OSR and DFS of certain prognostic group in AJCC 7th and ENETS overlapped. In ENETS
staging system, no significant difference in DFS between stage IIB versus IIIA (p=0.909)
and IIIA versus IIIB (p=0.291). In multivariable analysis, lymphovascular invasion (p=0.002),
perineural invasion (p=0.003), and grade (p < 0.001) were identified as independent prog-
nostic factors for DFS.

Conclusion
This is the first large-scale validation of the AJCC 8th edition staging system for PNET. The
revised 8th system provides better discrimination compared to that of the 7th edition and
ENETS TNM system. This supports the clinical use of the system.
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Validation, Neoplasm staging, Pancreatic neuroendocrine tumor
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Introduction

Pancreatic neuroendocrine tumors (PNET) account for less
than 2% of total pancreatic cancer [1] and about 10% of tumor
arising from pancreas [2]. Rare incidence and indolent bio-
logic behavior have made it difficult to understand disease
entity and establish staging tools for this disease [3,4]. How-
ever, the development of imaging technology in recent deca-
des has led to sharp increase in incidence and prevalence [5].
In fact, a proposal for a TNM classification to help stratify
the prognosis was not made until 2006 by Rindi et al. [6]. This
proposal was ultimately adopted by European Neuroen-
docrine Tumors Society (ENETS) and has been validated in
the subsequent studies [7-12]. Meanwhile, the American Joint
Committee on Cancer (AJCC) staging system for PNET was
first isolated from exocrine pancreatic adenocarcinoma stag-
ing system in 2010 based on studies by Bilimoria et al. [13].
The same classification criteria as in exocrine pancreatic ade-
nocarcinoma were applied to PNET in this study. After that,
numerous studies have evaluated the suitability of the AJCC
7th classification [12,14-16]. Of these, two large cohort studies
[7,14] have shown that the proportion of patients in stage III
of the AJCC 7th edition, which is classified as unresectable
case, is relatively small. In particular, poor discrimination 
between stage II and III was reported by Rindi et al.’s inves-
tigation [7]. Furthermore, many studies have raised ques-
tions about whether it is appropriate to apply pancreatic
adenocarcinoma staging to PNET with other biological char-
acteristics [7,11,14,17,18]. These findings support the need for
revision of the AJCC 7th system for PNET.

As a result, the newly revised AJCC 8th staging system 
introduces the classification criteria asserted by ENETS and
shows several significant changes (Tables 1-3). At first, PNET
staging system has come out separate system and applied to
the only G1 (ENETS/World Health Organization [WHO]
2010 grade 1), G2 (ENETS/WHO 2010 grade 2), and well-dif-
ferentiated G3 tumors (ENETS/WHO 2010 grade 3) [19]. The
remaining poorly differentiated G3 (ENETS/WHO 2010
grade 3) neuroendocrine carcinoma follows staging of exo-
crine pancreatic cancer. Second, the size of the tumor has 
become an important criterion to distinguish the T category
and invasion of soft tissue around the pancreas was excluded
from staging criteria. Third, adjacent organs invasion has
been categorized as T4 category, together with unresectable
cases such as major vascular invasion. Fourth, M1 category
has been subsided according to metastatic sites.

However, several studies have been published that ques-
tion whether the ENETS system should be accepted as a new
staging system [7,10,11]. In particular, stage IIIB (any T N1
M0) has a relatively better prognosis than IIIA (T4 N0 M0) in
these studies. In fact, the AJCC 8th manual does not distin-

guish between specific substages (IIA vs. IIB and IIIA vs. IIIB)
unlike ENETS system. In addition, defining adjacent organ
invasion and major vascular invasion as the same T4 has an
unnatural aspect in that it may confuse the concept of “resec-
table” or “unresectable.”

Given these, we aim to validate the AJCC 8th staging sys-
tem in the present study. For this purpose, survival curves
were compared according to AJCC 7th, AJCC 8th system,
and ENETS system. In addition, multivariate analysis was
performed to determine the effect of each system on progno-
sis.

Materials and Methods

1. Patients and data collection

Using Korean Tumor Registry System–Biliary Pancreas
(KOTUS-BP) and Korean Pancreas Surgery Club (KPSC)
database, 972 patients who underwent surgery for PNET
during 2000-2014 were identified. Seventeen Korean cancer
centers provided data on PNET. Data from following centers
was prospectively collected from electronic medical records
and retrospectively reviewed: Seoul National University Col-
lege of Medicine (n=302), Asan Medical Center (n=228), Sam-
sung Medical Center (n=175), Seoul National University
Bundang Hospital (n=82), Yonsei University College of Med-
icine (n=65), Gangnam Severance Hospital (n=33), Chonnam
National University Hwasun Hospital (n=23), Seoul St. Mary's
Hospital (n=17), Keimyung University Dongsan Medical
Center (n=12), National Cancer Center (n=9), Chung-Ang
University Hospital (n=5), Ewha Womans University Mok-
dong Hospital (n=5), Gyeongsang National University Hos-
pital (n=5), Chonbuk National University Medical School
(n=4), Chonnam National University Medical School (n=3),
Dong-A University Hospital (n=3), and Dongguk University
Ilsan Hospital (n=1). Of these patients, 500 (51.4%) were 
excluded, including 409 (42.1%) with no acquired lymph
nodes, 36 (3.7%) with insufficient information to define T cat-
egory and M category according to AJCC and ENETS classi-
fications, 14 (1.4%) whose tumor grade was not analyzed,
one (0.1%) without follow-up data and 40 (4.1%) with G3
tumor grade. The remaining 472 patients (214 males and 258
females) with a median age of 54.7 years were enrolled in this
study.

Variables collected for the database included age at diag-
nosis, gender, type of surgery, tumor size, location, adjacent
organs invasion, margin status, lymphovascular invasion
(LVI), perineural invasion (PNI), ENETS-WHO 2010 tumor
grading [19], mitotic count, Ki67 index, and tumor stage by
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Table 1.  The definition of AJCC 7th, 8th staging and the ENETS staging for pancreatic neuroendocrine tumor

AJCC, American Joint Committee on Cancer; ENETS, European Neuroendocrine Tumors Society. a)Adjacent structures 
include stomach, spleen, colon, adrenal gland, or the wall of large vessels (celiac axis or the superior mesenteric artery), 
b)Extrahepatic sites include lung, ovary, nonregional lymph node, peritoneum, and bone).

AJCC 7th staging classification AJCC 8th staging classification
T1 Limited to the pancreas, Tumor limited to the pancreas, < 2 cm

! 2 cm in greatest dimension
T2 Limited to the pancreas, Tumor limited to the pancreas, 2-4 cm

> 2 cm in greatest dimension
T3 Beyond the pancreas but without involvement Tumor limited to the pancreas, > 4 cm, 

of the superior mesenteric artery or invading the duodenum or common bile duct
T4 Involvement of the celiac axis or Tumor invades adjacent structuresa)

uperior mesenteric artery (unresectable tumor)
N0 No regional lymph node metastasis No regional lymph node metastasis
N1 Regional lymph node metastasis Regional lymph node metastasis
M0 No distant metastasis No distant metastasis
M1 Distant metastasis Distant metastasis
M1a Metastasis confined to liver
M1b Metastasis in at least one extrahepatic siteb)

M1c Both hepatic and extrahepatic metastases

AJCC 7th prognostic stage groups AJCC 8th and ENETS prognostic stage groups
Stage T N M Stage T N M

IA T1 N0 M0 I T1 N0 M0
IB T2 N0 M0 II (A)a) T2 N0 M0
IIA T3 N0 M0 II (B)a) T3 N0 M0
IIB T1-3 N1 M0 III (A)a) T4 N0 M0
III T4 Any N M0 III (B)a) Any T N1 M0
IV Any T Any N M1 IV Any T Any N M1

AJCC, American Joint Committee on Cancer; ENETS, European Neuroendocrine Tumors Society. a)Stage II (A/B) and III
(A/B) are only used in ENETS system.

Table 2. Prognostic stage groups based on AJCC 7th, 8th staging and the ENETS staging

Table 3.  Cross-tabulation presenting cancer staging distributions

AJCC, American Joint Committee on Cancer. 

AJCC 8th I AJCC 8th II AJCC 8th III AJCC 8th IV
AJCC 7th I 167 141 0 0
AJCC 7th II 0 69 73 0
AJCC 7th III 0 0 3 0
AJCC 7th IV 0 0 0 19
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7th AJCC classification [20]. In order to validation of 8th
AJCC and ENETS classification, restaging was performed.
To achieve this, data on tumor size and adjacent organs 
involved were used. Special attention has been given to the
registration of pathologic reports analyzed in our database
according to ENETS/WHO 2010 grading. If information on
the tumor grade is missing, each center is requested to sup-
plement and achieve it as much as possible. The overall sur-
vival time was defined as the time from the first diagnostic
date to the date of death or last known follow-up. Recur-
rence-free survival time was measured from the date of ini-
tial diagnosis until recurrence.

2. Statistical analysis

Overall survival rate (OSR) and disease-free survival rate
(DFS) analyses were conducted using Kaplan-Meier curves.
In order to access staging classification, log-rank tests were
used. To identify independent prognostic factors, Cox pro-
portional hazards regression was performed in multivariable
analysis. The p-value less than 0.05 indicate statistical signif-
icance. Statistical analyses were conducted using the PASW
Statistics ver. 23.0 (IBM Corp., Armonk, NY).

Cancer Res Treat. 2019;51(4):1639-1652

Table 4. Clinical and pathological features of PNET

(Continued)

Variable No. (%) (n=472)
Age (yr) 55.5 (15.0-78.0)
Sex

Male 214 (45.4)
Female 258 (54.6)

Operation
Pancreaticoduodenectomy 210 (44.4)
Distal pancreatectomy 179 (37.9)
Central pancreatectomy 15 (3.1)
Enucleation 44 (9.3)
Othersa) 24 (5.3)

Type of operation
Open 328 (69.5)
Laparoscopic 137 (29.0)
Robotic 7 (1.5)

Tumor size (cm) 3.0±2.1
Tumor location 469b)

Head only 257 (54.8)
Body-tail only 207 (44.1)
Head and body-tail or diffuse 5 (1.1)

Resection margin status
R0 443 (93.8)
R1 10 (2.1)
R2 19 (4.1)

Lymphovascular invasion 92 (19.5)
Perineural invasion 83 (17.6)
Grade (ENETS/WHO 2010)

G1 319 (67.6)
G2 153 (32.4)

AJCC 7th T category
T1 177 (37.5)
T2 157 (33.3)
T3 134 (28.4)
T4 4 (0.8)

AJCC 8th T category
T1 177 (37.5)
T2 149 (31.6)
T3 130 (27.5)
T4 16 (3.4)

AJCC 7th & 8th N category
N0 392 (83.1)
N1 80 (16.9)

AJCC 7th M category
M0 453 (96.0)
M1 19 (4.0)

AJCC 8th M category 466b)

M0 453 (97.3)
M1a 10 (2.1)
M1b 0 (
M1c 3 (0.6)

Table 4. Continued

PNET, pancreatic neuroendocrine tumor; ENETS, Euro-
pean Neuroendocrine Tumors Society; WHO, World
Health Organization; AJCC, American Joint Committee on
Cancer. a)Twelve cases with total pancreatectomy, 10 cases
with open pancreatic biopsy and 2 cases of hepatopancre-
atoduodenectomy, b)No. of valid PNETs, c)Stage II (A/B)
and III (A/B) are only used in ENET system.

Variable No. (%) (n=472)
AJCC 7th prognostic stage group 

IA 167 (35.4)
IB 141 (29.9)
IIA 73 (15.5)
IIB 69 (14.6)
III 3 (0.6)
IV 19 (4.0)

AJCC 8th prognostic stage group
I 167 (35.4)
II (A)c) 135 (28.6)
II (B)c) 75 (15.9)
III (A)c) 7 (1.5)
III (B)c) 69 (14.6)
IV 19 (4.0)
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3. Ethical statement

This study was approved by Institutional Review Board of
Samsung Medical Center, Seoul, Republic of Korea (approval
number: 2017-12-107). Because the study was based on ret-
rospective analysis using existing medical records, informed
consent was not required.

Results

1. Patient characteristics

Patient characteristics of the 472 patients are summarized
in Table 4. Pancreaticoduodenctomy and distal pancreatec-
tomy were performed in 210 (44.4%) and 179 (37.9%), respec-
tively. Minimally invasive surgery, including laparoscopic
and robotic surgery was conducted in 144 (30.5%). More than

Yunghun You, Validation of 8th AJCC Staging System for PNET

Fig. 1.  Kaplan-Meier survival analysis of disease-free survival (DFS) according to T category of American Joint Committee
on Cancer (AJCC) 7th edition (A), T category of AJCC 8th edition (B), 7th AJCC prognostic group (C), 8th AJCC prognostic
group (D), European Neuroendocrine Tumors Society (ENETS) prognostic group (E), N category (F), 7th M category (G),
8th M category (H), and Grade (ENETS/World Health Organization [WHO] 2010) (I). (Continued to the next page)
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Fig. 1.  (Continued from the previous page) 
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half of the patients had tumors located in the pancreatic
head. The mean value of tumor size was 3.0±2.1 cm. Curative
resection was achieved in 443 (93.8%). The proportion of LVI
and PNI were 19.5% and 17.6%, respectively. The number of
patients with G1 (n=319) nearly doubled compared to G2
(n=153). The median or mean number of lymph nodes dis-
sected were 2 (0-65) and 5.1±8.4, respectively. Lymph node
involvement was developed in 80 (16.9%). According to the
7th AJCC staging classification, only 4 (0.8%) was T4 cate-
gory and 3 (0.6%) had prognostic stage group III. In 8th AJCC

edition, the number of patients with T4 and prognostic stage
group of III increased to 16 (3.4%) and 76 (16.1%), respec-
tively. Among 472, the median time of follow-up was 54
months (25th to 75th percentiles, 39-147). The cumulative
OSR at 5 years and 10 years was 92.4% and 79.4%, respec-
tively. The cumulative DFS was 83.5% at 5 years and 76.4%
at 10 years.

Yunghun You, Validation of 8th AJCC Staging System for PNET

Fig. 2.  Kaplan-Meier survival analysis of overall survival rate (OSR) according to T category of American Joint Committee
on Cancer (AJCC) 7th edition (A), T category of AJCC 8th edition (B), 7th AJCC prognostic group (C), 8th AJCC prognostic
group (D), European Neuroendocrine Tumors Society (ENETS) prognostic group (E), N category (F), 7th M category (G),
8th M category (H), and grade (ENETS/World Health Organization [WHO] 2010) (I). (Continued to the next page)
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2. DFS according to each staging system and tumor grade

As shown in Fig. 1A, there is no significant difference in
DFS between AJCC 7th T3 versus T4 (p=0.071). By contrast,
regarding AJCC 8th T category, significant difference was
shown between all T categories (Fig. 1B). Regarding prog-
nostic stage groups, some of the DFS curves of 7th AJCC clas-
sification overlapped (IB vs. IIA, p=0.204; IIB vs. III, p=0.276;
and III vs. IV, p=0.896) (Fig. 1C). By contrast, DFS curves of
8th AJCC classification were well separated between all
stages (Fig. 1D). Compared with stage I, the hazard ratio
(HR) of II, III, and IV was 3.808, 13.928 and 30.618, respec-
tively (p=0.007, p < 0.001, and p < 0.001). In ENETS staging
system, there was no significant difference in DFS between
stage IIB versus IIIA (p=0.909) and IIIA versus IIIB (p=0.291),
respectively (Fig. 1D). Significant difference in DFS according
to N category, AJCC 7th M category, and grade was obser-

ved (p < 0.001, p < 0.001, and p < 0.001) (Fig. 1F, G, and I).
No significant difference between AJCC 8th M1a versus M1c
was found in DFS curves (p=0.268) (Fig. 1H).

3. OSR according to each staging system and tumor grade

Fig. 2A shows that OSR curves according to 7th AJCC T
category are not well separated. In 8th AJCC edition, there
was no significant difference in OSR curves between T3 and
T4 (p=0.568) (Fig. 2B). As shown in Fig. 2C and E, all OSR
curves of AJCC 7th prognostic groups and ENETS over-
lapped. The 5-year and 10-year cumulative OSR according
to AJCC 8th prognostic stage groups were as follows 
(Fig. 2D): IA (97.4% and 97.4%), IB (95.1% and 75.2%), IIA
(90.0% and 72.7%), IIB (83.2% and 61.5%), III (100% and 0%),
and IV (69.9% and 69.9%). Poor discrimination of curves was
shown between III versus IV (p=0.180). Fig. IF, 2F, and G rep-
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Univariable analysis
AJCC 7th AJCC 8th

multivariable analysis multivariable analysis
HR p-value HR 95% CI p-value HR 95% CI p-value

Sex
Male 1 1 1
Female 0.541 0.020 0.850 0.474-1.522 0.584 0.854 0.478-1.524 0.592

Resection margin status
R0 1 1 1
R1/R2 4.223 0.001 1.299 0.444-3.798 0.633 1.223 0.421-3.551 0.712

Lymphovascular invasion
No 1 1 1
Yes 6.951 < 0.001 2.885 1.494-5.571 0.002 2.885 1.494-5.571 0.002

Perineural invasion
No 1 1 1
Yes 5.940 0.004 2.474 1.352-4.527 0.003 2.474 1.352-4.527 0.003

Grade (ENETS/WHO 2010)
G1 1 1 1
G2 8.403 < 0.001 5.026 2.516-10.043 < 0.001 5.026 2.516-10.043 < 0.001

AJCC 7th stage < 0.001 0.965
I 1 1
II 4.616 < 0.001a) 0.312b) 0.855 0.376-1.944 0.709
III 8.539 0.004a) 0.354b) 1.058 0.202-5.538 0.947
IV 13.872 < 0.001a) 0.521b) 0.761 0.200-2.898 0.688

AJCC 8th stage < 0.001 0.633
I 1 1
II 3.808 0.007a) 0.006b) 1.717 0.628-4.693 0.292
III 13.928 < 0.001a) < 0.001b) 2.058 0.680-6.227 0.201
IV 30.618 < 0.001a) 0.024b) 2.158 0.541-8.613 0.276

AJCC, American Joint Committee on Cancer; HR, hazard ratio; CI, confidence interval; ENETS, European Neuroendocrine
Tumors Society; WHO, World Health Organization. a)p-values with stage I as the reference, b)p-values with the previous
stage as the reference.

Table 5. Univariable and multivariable analysis of prognostic factor for disease-free survival
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resented that significant difference in OSR according to N
category, AJCC 7th M category and grade (p < 0.001, p=0.001,
and p=0.030). Regarding 8th M category, OSR curves of all
stages overlapped (Fig. 2H).

4. Prognostic factor analyses (risk factor for DFS)

In a univariable analysis of risk factor for DFS, sex (HR,
0.541; 95% confidence interval [CI], 0.320 to 0.913; p=0.020),
resection margin status (HR, 4.223; 95% CI, 1.896 to 9.406;
p=0.001), LVI (HR, 6.951; 95% CI, 3.862 to 12.509; p < 0.001),
PNI (HR, 5.940; 95% CI, 3.215 to 10.976; p=0.004), grade (HR,
8.403; 95% CI, 4.642 to 15.212; p < 0.001), AJCC 7th staging
groups (compared with stage I: HR of II, 4.616; 95% CI, 2.629
to 8.103; p < 0.001; HR of III, 8.539; 95% CI, 1.984 to 36.745;
p=0.004; and HR of IV, 13.872; 95% CI, 6.704 to 28.701; p <
0.001), and AJCC 8th staging groups (compared with stage
I: HR of II, 3.808; 95% CI, 1.453 to 9.998; p=0.007; HR of III,
13.928; 95% CI, 5.341 to 36.319; p < 0.001; and HR of IV, 30.618;

95% CI, 10.749 to 87.219; p < 0.001) were revealed as signifi-
cant factors. In a multivariable analysis, LVI (HR, 2.885; 95%
CI, 1.494 to 5.571; p=0.002), PNI (HR, 2.474; 95% CI, 1.352 to
4.527; p=0.003), and grade (HR, 5.026; 95% CI, 2.516 to 10.043;
p < 0.001) were identified as independent prognostic factors
for DFS. The remaining factors such as sex (HR, 0.854; 95%
CI, 0.478 to 1.524; p=0.592), resection margins status (HR,
1.223; 95% CI, 0.421 to 3.551; p=0.712), AJCC 7th staging
groups (compared with stage I: HR of II, 0.855; 95% CI, 0.376
to 1.944; p=0.709; HR of III, 1.058; 95% CI, 0.202 to 5.538;
p=0.947; and HR of IV, 0.761; 95% CI, 0.200 to 2.898; p=0.688),
and AJCC 8th staging groups (compared with stage I: HR of
II, 1.717; 95% CI, 0.628 to 4.693; p=0.292; HR of III, 2.058; 95%
CI, 0.680 to 6.227; p=0.201; and HR of IV, 2.158; 95% CI, 0.541
to 8.613; p=0.276) were not significant in multivariable analy-
sis. These results were summarized in Table 5.

Cancer Res Treat. 2019;51(4):1639-1652

Univariable analysis
AJCC 7th AJCC 8th

multivariable analysis multivariable analysis
HR p-value HR 95% CI p-value HR 95% CI p-value

Age (continuous) 1.033 0.078 4.053 1.826-8.998 0.001 1.069 1.028-1.111 0.001
Resection margin status

R0 1 1 1
R1/R2 4.246 0.004 2.228 0.457-10.875 0.322 1.855 0.404-8.517 0.427

Lymphovascular invasion
No 1 1 1
Yes 3.058 0.007 2.235 0.842-5.934 0.106 2.795 1.128-6.925 0.026

Perineural invasion
No 1 1 1
Yes 3.757 0.008 1.549 0.555-4.329 0.404 1.779 0.696-4.549 0.229

Grade (ENETS/WHO 2010)
G1 1 1 1
G2 2.478 0.021 1.250 0.486-3.127 0.644 1.559 0.631-3.852 0.336

AJCC 7th stage 0.001 0.387
I 1 1
II 2.734 0.002a) 0.001b) 2.440 0.848-7.016 0.098
III 3.445 0.230a) 0.792b) 1.362 0.135-13.713 0.793
IV 5.922 < 0.001a) 0.763b) 1.757 0.234-13.176 0.584

AJCC 8th stage 0.001 0.098
I 1 1
II 2.268 0.085a) 0.077b) 4.357 0.981-19.355 0.053
III 4.459 0.003a) 0.077b) 5.310 1.001-28.154 0.050
IV 9.802 < 0.001a) 0.190b) 6.509 0.808-52.472 0.079

AJCC, American Joint Committee on Cancer; HR, hazard ratio; CI, confidence interval; ENETS, European Neuroendocrine
Tumors Society; WHO, World Health Organization. a)p-values with stage I as the reference, b)p-values with the previous
stage as the reference.

Table 6. Univariable and multivariable analysis of prognostic risk factor for overall survival rate
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5. Analysis of risk factor for OSR

In a univariable analysis of risk factor for OSR, age (HR,
1.033; 95% CI, 0.996 to 1.070; p=0.078), resection margin sta-
tus (HR, 4.246; 95% CI, 1.599 to 11.276; p=0.004), LVI (HR,
3.058; 95% CI, 1.349 to 6.931; p=0.007), PNI (HR, 3.757; 95%
CI, 1.410 to 10.011; p=0.008), grade (HR, 2.478; 95% CI, 1.146
to 5.360; p=0.021), AJCC 7th staging groups (compared with
stage I: HR of II, 2.734; 95% CI, 1.444 to 5.174; p=0.002; HR of
III, 3.445; 95% CI, 0.458 to 25.920; p=0.230; and HR of IV,
5.922; 95% CI, 2.182 to 16.069; p < 0.001), and AJCC 8th stag-
ing groups (compared with stage I: HR of II, 2.268; 95% CI,
0.893 to 5.758; p=0.085; HR of III, 4.459; 95% CI, 1.672 to
11.892; p=0.003; and HR of IV, 9.802; 95% CI, 2.967 to 32.386;
p < 0.001) were significant factors. In a multivariable analysis,
age was identified as independent risk factor for OSR (HR,
1.609; 95% CI, 1.028 to 1.111; p=0.001) and AJCC 8th staging
groups was marginally significant (compared with stage I:
HR of II, 4.357; 95% CI, 0.981 to 19.355; p=0.053; HR of III,
5.310; 95% CI, 1.001 to 28.154; p=0.050; and HR of IV, 6.509;
95% CI, 0.808 to 52.472; p=0.079). However, AJCC 7th staging
groups was not significant (compared with stage I: HR of II,
2.440; 95% CI, 0.848 to 7.016; p=0.098; HR of III, 1.362; 95%
CI, 0.135 to 13.713; p=0.793; and HR of IV, 1.757; 95% CI,
0.234 to 13.176; p=0.584) in multivariable analysis. Table 6
summarized these results.

Discussion

To best of our knowledge, this is the first study to validate
a new AJCC 8th staging classifications for PNET. In fact, val-
idation of the ENETs system, which is the basis for 8th AJCC
staging system, has been carried out in several studies [7-
12,21]. Unlike previous studies, the strength of the present
study is that it allows accurate assessment of lymph node
metastasis. Recent studies have supported lymph node
metastasis as a predictor of poor prognosis [22,23]. If accurate
assessment of the N category through lymph node sampling
or lymphadenectomy is not feasible, accurate TNM staging
to predict prognosis becomes difficult. The low lymph node
yield rate, including zero percent, is likely to be related to the
type of surgery and the individual preference of the operator
for PNET. In a single-center study, the rate of no lymph node
sampling is higher in patients undergoing enucleation and
spleen-preserving distal pancreatectomy compared to pati-
ents with other operations [24]. In this regards, previous
studies to validate ENETS TNM staging had limitation. In a
European multicenter study by Rindi et al. [7] using 1,072 
cohorts, the lymph node status could not be assessed in 737

(68.8%) patients. The results of a study conducted by Luo et
al. [21] using 2,529 cases from Surveillance, Epidemiology,
and End Results data should also be cautious about the
proper evaluation of staging system because there is no men-
tion of “Nx”. Besides, in the previous two studies mentioning
“Nx”, the ratio of “Nx” in all patients was reported as 51.6%
and 68.8%, respectively [8,9]. In the current study, among the
972 patients who underwent resection with PNET, 409 pati-
ents (42.1%) had no lymph node retrieval and contrary to
previous studies mentioned above, we excluded samples
from the survival analysis that were not correctly evaluated
for lymph node status. The inclusion criteria of the current
study, which reflects our intent to not ignore the prognostic
significance of lymph node status, seems to provide more 
accurate validation of the AJCC 8th TNM staging system.

An important change in 8th edition of AJCC system is that
G3 was not included in the PNET staging system unlike the
previous ENETS system. This reflects the results of previous
studies showing that exocrine tumors and neuroendocrine
tumors have different tumor biology and prognosis [7,11,14,
17,18,25]. In the former ENETS validation study, the propor-
tion of G3 ranging from 6.8% to 11.0% was not negligible 
[7-12,21]. By contrary, we used the cohort excluding G3 in
this study. This may have helped to evaluate more elabo-
rately the suitability of the new AJCC staging system for
PNET.

The present study largely supports that AJCC 8th edition
staging system provides better discrimination when com-
pared to the AJCC 7th edition and the ENETS staging sys-
tem. As for DFS, survival curves of 8th AJCC classification
were well separated between all stages. This seems to be rela-
ted to some detailed changes in the 8th edition as follows.
First, the definition of T4 category expanded to adjacent
organ invasion, which affected the increase of T4 case num-
ber (Figs. 1A, B, 2A, and B). As a result, four T4 patients 
increased to 16 followed by the increases in stage III cases.
Second, T1-3N1M0 (which had been stage IIB in AJCC 7th
system) is classified as stage III in the AJCC 8th staging sys-
tem, leading to an increase in the proportion of stage III. The
two changes described above resulted in an increase in the
ratio of stage III in the 8th AJCC and a significant difference
in DFS curves between stages (stage II vs. III and stage III vs.
IV in 8th AJCC staging system).

Another remarkable result of this study is that it is more
reasonable to combine stage IIIA (T4, N0, M0) and IIIB (any
T, N1, M0) into one prognostic group than to divide stage III
into two subgroups. In fact, the results that stage IIIB has a
better prognosis than IIIA has already been reported in pre-
vious studies [7,10,11]. Rindi et al. [7] estimated this to be due
to poorer prognosis of the unresectable T4 compared with
positive N cases, or different surgical techniques and lymph
node sampling methods, or small sample size of T4. In the

VOLUME 51 NUMBER 4 OCTOBER 2019 1649



Cancer Res Treat. 2019;51(4):1639-1652

current study, there was also no significant difference in sur-
vival rate (both OSR and DFS) between the stage IIIA and
IIIB using the ENETS system (p=0.291 and p=0.545), respec-
tively (Figs. 1D and 2D). Given these, the attempt at the AJCC
8th edition, which classifies the existing ENETS stage into
four simple stages, is considered acceptable.

Despite a better distribution of prognosis in different
stages based on the new AJCC revision, the low stage IV
(Any T Any N M1) ratio of this study, which is only 4%, is
worth mentioning. In our opinion, the proportion of stage IV
should be related to the definition of the subject being ana-
lyzed. For studies reporting high rates of stage IV ranging
35%-60% [8,10,11], patients who have undergone palliative
surgery or who have been just diagnosed with biopsy or 
cytology had been included. In contrast, this rate was repor-
ted to be relatively low ranging 9%-21% in studies involving
only patients with surgery [9,12]. The present study included
only patients who underwent surgical treatment. It is rare to
perform radical surgery for PNET with distant metastasis.
Furthermore, the relatively high curative resection rate and
exclusion of G3 are also the cause of the low stage IV ratio in
the current study. This is consistent with report of a single-
center study that patients with G3 accounts for a high per-
centage of all patients with ENETS stage IV. Of 53 patients
with ENETS stage IV in the study, 27 patients (50.9%) were
G3 [26].

Several modalities of adjuvant treatment have been pro-
posed that can be used to reduce tumor burden or inhibit
cancer progression after recurrence of PNET [27]. In the case
of chemotherapy, Ramirez et al. [28] demonstrated that com-
bination treatment with capecitabine/temozolomide has the
benefit of prolonging the survival of patients with metastasis.
Although all enteropancreatic neuroendocrine tumors were
targeted, a randomized controlled study has suggested the
effect of long-acting somatostatin analogues [29]. Unfortu-
nately, just 67 of the 472 patients (14.2%) enrolled in the cur-
rent study were able to confirm whether they received
adjuvant treatment. Of these 67 patients, seven had recur-
rence, and two of seven patients with recurrence received 
adjuvant treatment. Two of the patients treated with adju-
vant treatment were all diagnosed with G2 and AJCC 8th
stage II (T2N0M0), received adjuvant chemotherapy and sur-
vived to the last follow-up. The last follow-up point of each
patient was 17 months and 4 months after the recurrence. Of
the seven patients who had recurred, only one died, and he
was one of the five who had not received any adjuvant treat-
ment. He was a male patient with LVI, was diagnosed with
G2 and AJCC 8th stage III (T3N1MO), and died 41 months
after recurrence. Due to the small number of relapses that
could be identified, it was not possible to verify statistically
the prognostic factor influencing overall survival after recur-
rence or metastasis. Therefore, further studies using large

samples that statistically demonstrate the role of adjuvant
treatment for PNET is needed.

The present study has several limitations. First, we could
not analyze the prognosis between functional tumor and
nonfunctional tumor. Previous two studies have reported
that functional neuroendocrine tumor is a prognostic factor
for survival [7,14]. However, our multicenter database is
missing a lot of information about these items. Thus, if this
factor was included in the multivariate analysis process,
more sophisticated and reliable statistical analysis would
have been possible. Second, there is a potential for bias in the
retrospective multicenter study design itself. In particular,
this is relevant to the difference in the operative methods 
between various institutes. Considering the importance of
lymph node metastasis to prognosis as previously men-
tioned in discussion, it is likely that the diversity of operative
methods and lymphadenectomy have had some impact on
survival.

In summary, this is the first large-scale validation of the
AJCC 8th edition staging system for PNET. The revised 8th
system provides better discrimination compared to that of
the 7th edition system and ENETS staging system. Therefore,
using the current system is expected to help stratify the pati-
ent's prognosis and provide clinical information.
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Paip1 Indicated Poor Prognosis in Cervical Cancer and 
Promoted Cervical Carcinogenesis
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Purpose
This study was aimed to investigate the role of poly(A)-binding protein-interacting protein 1
(Paip1) in cervical carcinogenesis.

Materials and Methods
The expression of Paip1 in normal cervical epithelial tissues and cervical cancer (CC) tissues
were detected by immunohistochemistry. In vivo and in vitro assays were performed to val-
idate effect of Paip1 on CC progression.

Results
Paip1 was found to be up-regulated in CC, which was linked with shorter survival. Knock-
down of Paip1 inhibited cell growth, induced apoptosis and cell cycle arrest in CC cells,
whereas its overexpression reversed these effects. The in vivo tumor model confirmed the
pro-tumor role of Paip1 in CC growth. 

Conclusion
Altogether, the investigation demonstrated the clinical significance of Paip1 expression,
which prompted that the up-regulated of Paip1 can presumably be a potential prognostic
and progression marker for CC.
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Paip1, Uterine cervical neoplasms, Proliferation, Cell cycle, 
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Introduction

Cervical cancer (CC) is the fourth most common cause of
cancer in women worldwide [1-3]. With the increasing 
uptake of Pap smear screening and hepatitis B virus vaccines
in recent years, the incidence of CC has been decreased in
many countries [4,5]. However, there are still approximately
527,600 new cases and 265,700 deaths worldwide in 2012. 
Especially in developing countries, CC ranks as the second

most commonly diagnosed cancer and the third leading
cause of cancer death [6]. Unfortunately, there are no definite
diagnostic and prognostic biomarkers [7].

Poly(A)-binding protein-interacting protein 1 (Paip1) is a
479-residue protein which encoded by PAIP1. Paip1 was 
involved in the initiation of translation in eukaryotes by
binding polyadenylate-binding protein cytoplasmic 1 and
several eukaryotic initiation factors 4F complexes [8,9]. Paip1
stimulated translation rates and therefore implicated in sev-
eral pathogenic roles [10,11]. Scotto et al. [12] mentioned that



Paip1 was up-regulated in invasive CCs and played a role in
DNA repair and cell cycle regulation. Subsequently, Piao et
al. [13] reported that Paip1 was found to be overexpressed
in breast cancer, and its expression was closely related to cell
cycle and poor prognosis. These results indicated that target-
ing Paip1 might be an effective anti-tumor therapy strategy.
However, the biological role and related mechanisms of
Paip1 in CC progression have not been studied.

Therefore, our data examined the relationship between
Paip1 overexpression and clinicopathological features of CC
and assessed its prognostic value. We also observed that
Paip1 promoted CC cell proliferation, arrested cell cycle pro-
gression and inhibited cell apoptosis. These studies have pro-
moted our understanding of the role of Paip1 in CC deve-
lopment and its related molecular mechanisms.

Materials and Methods

1. Reagents

Antibodies against Paip1, cyclin B1, CDK1, P21, Bax, Bcl-
2, and actin were purchased from Proteintech Technology
(Wuhan, China). Antibody against Ki-67 was purchased
from BOSTER (Wuhan, China).

2. Clinical samples

Routinely diagnosed primary CC tissues (130 cases: squa-
mous cervical cancers, 121; adenocarcinomas, 9), cervical 
intraepithelial neoplasia (CIN) tissues (CIN-1, 22; CIN-2, 34;
CIN-3, 38) and normal cervical epithelial tissues (47 cases)
with clinical features were collected in the present study. All
tissue specimens were taken from patients who underwent
CC surgery and who did not receive any preoperative tumor
therapy. Diagnosis and staging were based on the Staging
Manual of the American Joint Committee on Cancer, 7th edi-
tion. Clinical information on the samples is summarized in
Tables 1 and 2.

3. Cell culture and stable cell line establishment

The human CC cell lines (SiHa, HeLa, C33A, and Caski)
and normal non-malignant breast cells (MCF-10A) (Ameri-
can Type Culture Collection, Manassas, VA) were cultured
in Dulbecco's modified Eagle medium containing 10% fetal
bovine serum and streptomycin-penicillin (100 U/mL). Cells
were incubated at 37°C in an atmosphere of 5% CO2.

Stable knockdown of Paip1 was generated by transducing
the sh-Paip1 lentiviral expression construct in cells (Gene-

chem, Shanghai, China). The shRNA sequence used was the
following: 5!-GCTTCTATGCC TACAACTT-3!. Stable lenti-
viral transfected SiHa and HeLa were selected using 2 µg/mL
puromycin for 2 weeks. Transfection efficiency was con-
firmed by western blot. Human Paip1 cDNA was purchased
form (Genechem) and cloned into the GV144 plasmid. The
Paip1 plasmid and corresponding empty vector were trans-
fected into CC cell (C33A) using Lipofectamine 3000 reagent
(Invitrogen, Carlsbad, CA) following the manufacturer’s pro-
tocol.

4. Western blot

Western blot and protein detection was performed as pre-
viously described [14]. The harvested cells were prepared
with RIPA cell lysis buffer containing a protease inhibitor
mixture, and then run on sodium dodecyl sulfate polyacry-
lamide gel electrophoresis and transferred to polyvinylidene
difluoride membranes (Immobilon P, Millipore, Bedford,
MA), probed with primary antibodies and second antibodies.
At last, the results were analyzed quantitatively using chemi-
luminescent and fluorescent imaging system.

5. MTT assay

Cells were plated into 96-well plates and cultured with 
indicated compounds for 0, 24, 48, and 72 hours, followed by
the addition of 100 µL of MTT solution to each well and fur-
ther incubation for 4 hours. Removed the medium from the
wells and added 100 µL dimethyl sulfoxide into each well.
The relative number of surviving cells was assessed by meas-
uring the absorbance at 570 nm.

6. Colony-forming assay

Cells were plated on 6-well plates at a concentration of
5,000 cells for each well and the medium was replaced every
3 days. Cells were fixed and stained with 1% crystal violet
after incubating for 2 weeks.

7. Flow cytometry assay

Cell cycle status was determined by measuring cellular
DNA content after staining with propidium iodide (PI; BD
Bioscience, San Jose, CA). Briefly, cells in the log growth
phase were seeded at a density of 2!105 cells per well in 
6-well plates. After treatment, cells were harvested and fixed
in 70% cold ethanol at –20°C overnight. The next day, cells
were treated with 100 µg/mL of RNase and incubated at
37°C for 30 minutes. Then, cells stained with 100 µg/mL of
PI in the dark at room temperature, for another 30 minutes.
Samples were subsequently analyzed with the FACScalibur
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flow cytometer (BD Bioscience), and data were analyzed
with ModFit LT software (Verity Software House, Topsham,
ME).

Apoptosis was evaluated in CC cells with Annexin V-FITC
and PI staining (20 minutes; BD Biosciences). Cells were 
analyzed using a flow cytometer (BD Biosciences) according
to the manufacturer’s instructions [15].

8. In vivo tumorigenesis assays

BALB/c nude mice were housed in specific pathogen-free
conditions following the guidelines of the Institutional Ani-
mal Care. To assess the effect of Paip1 on tumorigenicity in
vivo, CC cells were subcutaneously injected into the left or
right flank of the mice. Animals were sacrificed after 6 weeks
of treatment, and then the mean tumor weight was meas-

ured. Tumor sizes were measured every 7 days.

9. Immunohistochemical staining

For Immunohistochemical (IHC) studies with a DAKO
LSAB kit (DAKO A/S, Glostrup, Denmark), tissue sections
were deparaffinized, rehydrated and incubated with 3%
H2O2 in methanol for 15 minutes at room temperature (RT)
to eliminate endogenous peroxidase activity. Antigen retri-
eval was performed by placing the slides in 0.01 M sodium
citrate buffer (pH 6.0) at 95°C for 20 minutes. The slides were
then incubated with the primary antibody at 4°C overnight.
After incubation with the secondary antibody at RT for 1
hour, immunostaining was developed using DAB, and the
slides were counterstained with hematoxylin [16].

Nan Li, Paip1 Expression in Cervical Carcinoma

Diagnosis No. of cases

Paip1 protein expression Positive Strongly 

– + ++ +++ rate (%) positive rate (%)

Normal cervix 47 40 5 2 0 14.9 4.3
CIN-1 22 11 5 5 1 50.0* 27.3*
CIN-2 34 14 9 7 4 58.8** 32.4*
CIN-3 38 13 10 10 5 65.8** 39.5**
CC 130 27 31 30 42 79.2** 55.4**

Paip1, poly(A)-binding protein-interacting protein 1; CIN, cervical intraepithelial neoplasia. *p < 0.05 and **p < 0.01, com-
pared with normal cervical epithelial tissues.

Table 1. Paip1 protein expression in cervical cancers

Table 2.  Correlation between Paip1 expression and the clinicopathological features of cervical cancers

Paip1, poly(A)-binding protein-interacting protein 1; SCC, squamous cervical cancer; AC, adenocacinoma; LN, lymph node.

Variable No. of cases Paip1 strongly positive cases, n (%) !2 p-value

Age (yr)

< 50 78 42 (53.8) 0.187 0.666
! 50 52 30 (57.7)

Histological types

SCC 121 66 (54.5) 0.498 0.480
AC 9 6 (66.7)

Stage

0-II 82 39 (47.6) 5.501 0.019
III-IV 48 33 (68.8)

Differentiation

Well 44 17 (38.6) 8.562 0.014
Moderately 38 22 (57.9)
Poorly 48 33 (68.8)

LN metastasis

Negative 58 25 (43.1) 6.392 0.011
Positive 72 47 (65.3)
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Fig. 1.  Poly(A)-binding protein-interacting protein 1 (Paip1) expression was significantly up-regulated in cervical cancer
(CC). (A, B) Analysis of Paip1 expression in Oncomine data set. (C) Paip1 protein staining was negative in cervical epithelial
tissues. (D, E) Paip1 protein staining was positive in dysplastic cells of cervical intraepithelial neoplasia. (F) Paip1 protein
staining was positive in adenocarcinoma. (G, H) Paip1 protein staining was positive in squamous cervical cancers. (I) Rela-
tionship between Paip1 expression and clinicopathological significance of CCs. LN, lymph node.
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10. Evaluation of IHC staining

Statistics of IHC scores were conducted according to the
ratio and intensity of positive-staining areas. Staining areas
were scored as ‘0’ (negative, no or less than 5% positive cells),
‘1’ (6%-25% positive cells), ‘2’ (26%-50% positive cells), ‘3’
(50%-75% positive cells), and ‘4’ (more than 75% positive
cells). And the staining intensities were scored as ‘0’ (no
staining), ‘1’ (weak staining), ‘2’ (moderate staining), and ‘3’
(intense staining). A final score was calculated by multiply-
ing these two parameters. All slides were scored independ-
ently by two pathologists, who were blind to all clinical data.

11. Statistical analysis

The data analysis was performed using SPSS ver. 17.0 soft-
ware (SPSS Inc., Chicago, IL) and GraphPad Prism 6.0 soft-
ware (GraphPad Software Inc., San Diego, CA). Group
comparisons for continuous data were done by t test or one-
way ANOVA. Biochemical experiments were performed in
triplicate and a minimum of three independent experiments
were evaluated. The value of p < 0.05 was considered statis-
tically significant.

12. Ethical statement

This study complied with the principles of the Declaration
of Helsinki and was approved by the human ethics and 
research ethics committees of Yanbian University Medical
College in China. The resected specimens from patients who
underwent surgery were potentially used for scientific 
researches and publication of identifying information/
images (when applicable). Their privacy will be maintained.
The follow-up survival data were collected retrospectively

through medical-record analyses.
All experiments were performed in keeping with the pro-

cedures and protocols of the Animal Ethics Committee of
Yanbian University.

Results

1. Paip1 up-regulated in CC

The Oncomine data sets revealed the fact that Paip1 
expression was augmented in tumor tissues in comparison
with the normal cervical tissues (p < 0.01) (Fig. 1A and B). To
verify of the informatic data, Paip1 expression in a group
which consisted 130 cases of CC, 94 cases of CIN and 47 nor-
mal cervical tissues was figured out using IHC, and it was
validated that Paip1 exhibited remarkable expression levels
in CC tissues when compared with normal cervical epithelial
tissues (Fig. 1C-H, S1 Fig.). Here, the positive rate of Paip1
expression was only 14.9% (7/47) in normal cervical epithe-
lial tissues, but significantly higher in CIN lesions (50.00% in
CIN-1, 58.8% in CIN-2, and 65.8% in CIN-3) and CC (79.2%,
90/174) (p < 0.05, respectively). Similarly, the strongly posi-
tive rate of Paip1 expression was observed in 55.4% (72/130)
of CCs, which was significantly higher than in normal cervi-
cal epithelial tissues (4.3%, 2/47) (p < 0.01) (Table 1).

The correlations between Paip1 expression and clinico-
pathologic features were shown in Table 2. The high expres-
sion of Paip1 in CCs was significantly correlated with the
clinical stage (p=0.019), differentiation (p=0.014), and lymph
node metastasis (p=0.011) (Fig. 1I), but not with other factors
included age or histological types. In all, these results indi-

Cancer Res Treat. 2019;51(4):1653-1665

Table 3.  Cox regression model analysis of the clinicopathological features in 130 patients with cervical cancer

B, coefficient; SE, standard error; Wald, Wald statistic; HR, hazard ratio; CI, confidence interval; LN, lymph node; Paip1,
poly(A)-binding protein-interacting protein 1.

Characteristic B SE Wald HR 95% CI p-value

Univariate

Age 0.154 0.183 0.708 1.166 0.815-1.669 0.400
Stage 0.551 0.188 8.595 1.735 1.200-2.507 0.003
Differentiation 0.178 0.114 2.437 1.194 0.956-1.493 0.118
LN metastasis 0.388 0.178 4.745 1.474 1.040-2.091 0.029
Paip1 0.932 0.191 23.764 2.540 1.746-3.694 0.000

Multivariate

Stage 0.557 0.215 6.743 1.746 1.146-2.658 0.009
LN metastasis 0.317 0.203 2.442 1.373 0.923-2.043 0.118
Paip1 1.076 0.203 28.097 2.932 1.970-4.364 0.000
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cated that high-level expression of Paip1 appears to be asso-
ciated with CC progression.

2. Elevated Paip1 expression correlated with poor progno-
sis in CC patients

Since we have confirmed the correlation between high
Paip1 expression and CC progression, we next explored the
potential roles of Paip1 in CC patients’ clinical outcome. By

Nan Li, Paip1 Expression in Cervical Carcinoma

Fig. 3.  Poly(A)-binding protein-interacting protein 1 (Paip1) attenuated the ability of proliferation of cervical cancer (CC)
cells in vitro. (A) The protein expression of Paip1 in CC cells was examined by western blot analysis. Actin was used as a
loading control. (B) The protein expression of Paip1 in the constructed CC cells was confirmed by western blot analysis.
Actin was used as a loading control. (C, D) Cell proliferation was examined by MTT (C) and colony formation (D) in the
constructed cells. Data are represented as mean±standard error of mean of at least three independent experiments, **p < 0.01.
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using The Human Protein Atlas, we showed that CC patients
with high expression of Paip1 displayed a poor overall sur-
vival (OS) (Fig. 2A). Then Kaplan-Meier survival curves sug-
gested that patients with high Paip1 expression had signi-
ficantly shorter disease-free survival (DFS; p < 0.001) (Fig. 2B)
and OS (p < 0.001) (Fig. 2C). Additionally, CC patients with
overexpression of Paip1 had decreased DFS and OS com-
pared to those with low Paip1 expression in either early-
stage or late-stage cases (both p < 0.05) (Fig. 2D-G). More-
over, clinical stage, lymph node metastasis, and Paip1 expre-
ssion status were correlated with shorter survival time in uni-
variate analysis (Table 3). Multivariate Cox regression ana-
lysis further substantiated that Paip1 and clinical stage was
an independent risk factor for lower DFS and shortened OS
in patients with CC (Table 3). Based on the results above, we
conclude that the overexpression of Paip1 can be regarded
as a poor prognostic index in CC.

3. Paip1 promoted the proliferation of CC cells

To investigate its potential function in CC progression, we
firstly examined the expression of Paip1 in CC cell lines by
western blot, and then stably knocked down Paip1 in high
Paip1-expressing cells (SiHa and HeLa), and overexpressed
Paip1 in low Paip1-expressing cell (C33A) (Fig. 3A). The 
expression levels of Paip1 in transfected cells were verified
by western blot (Fig. 3B). Then, we assessed cell growth by
MTT assays and found that CC cell lines with decreased
Paip1 expression had slower growth rates, while CC cell lines
with increased Paip1 expression had higher growth rates
(Fig. 3C, S2A Fig.). Next, as determined by colony formation
assays, Paip1 knockdown reduced the number of colonies
formed, while Paip1 overexpression enhanced (Fig. 3D, S2B
Fig. S3 Fig.). These results indicated that Paip1 promote the
proliferation of CC cells in vitro.

4. Paip1 knockdown induced cell cycle arrested and apop-
tosis

For the purpose of decided on whether the impact of Paip1
on CC cell proliferation was the key observations of the
Paip1-mediated alternations in the progression of the cell
cycle, we carried out the flow cytometry assay in CC cell
lines. As suggested by our observations, Paip1 knockdown
gave rise to increased G2/M phase together with decreased
G1 phase, as compared with the control cells (Fig. 4A). In 
addition, Paip1 knockdown altered the expression pattern of
the key regulators that were indispensable in G2/M cell cycle
regulation. Western blotting results indicated that cyclin B1
and CDK1 were decreased after Paip1 silencing, while 
cyclin-dependent kinase inhibitor P21, which was identified
as tumor suppressor [17], was increased in the sh-Paip1

group (Fig. 4B, S2D-S2E Fig.). Conversely, the opposite effect
was found in Paip1 overexpressed cells (Fig. 4A and B).

Subsequently, in order to study whether Paip1 can affect
the apoptosis of CC cell lines, we carried out the flow cytom-
etry assay in CC cell lines. As highlighted by the flow cytom-
etry assay, Paip1 knockdown cells manifested higher apop-
totic rate in comparison with the control group, whereas
Paip1 overexpression displayed the opposite effect in CC
cells (Fig. 5A, S2C Fig.). To further investigate which apop-
tosis pathway components were involved in CC cells res-
ponse to Paip1 knockdown [18], we detected the expression
of apoptosis-associated molecules by western blot. As shown
in Fig. 5B, a marked increase in the pro-apoptotic Bax, and
decrease in the anti-apoptotic Bcl-2 was observed after Paip1
knockdown. Meanwhile, the overexpression of Paip1 per-
formed reserved trend (Fig. 5B). Collectively, Paip1 not only
inhibited cell apoptosis and regulated cell cycle progression
of CC cell lines, but also promote cell proliferation.

5. Paip1 promoted CC growth in vivo

To further verify the cellular function of Paip1 in vivo, a
xenograft mouse model was employed to study the role of
Paip1 in CC growth. There was good agreement between in
vivo and in vitro data. CC cells with stable knockdown or
overexpression Paip1 were injected into nude mice, tumors
derived from Paip1 knockdown group grew slower, and the
average tumor weight was significantly lower. While tumor
volume was markedly higher, and tumors were also heavier
in mice which inoculated with Paip1 overexpressed cells
(Fig. 6A and B, S4 Fig.). Next, we performed immunohisto-
chemistry for Ki67, Bcl-2, and Bax in the xenografted tissues.
As expected, knockdown Paip1 decreased the number Ki67
positive cells, reduced the expression of Bcl-2, and up-regu-
lated the expression of Bax (Fig. 6C, S5 Fig.). The result was
further confirmed in Paip1 overexpressed group (Fig. 6C, 
S5 Fig.). In conclusion, as an oncogene, Paip1 performs a sub-
stantial function in CC proliferation.

Discussion

The regulation of gene expression occurs in the process of
mRNA translation of eukaryotes, particularly at the transla-
tion initiation [19,20]. Deregulation at this step of the trans-
lation process results in abnormal expression of genes, which
in turn changes cell growth and may lead to the development
of cancer [21,22]. As a translational enhancer, Paip1 can stim-
ulate translation rates in vivo, which have a promoter func-
tion in several tumors [11]. Besides, PAIP1 also plays a role

Cancer Res Treat. 2019;51(4):1653-1665
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in the decay of RNA. Grosset et al. [23] demonstrated that
Paip1 was identified as one of the five mCRD-associated pro-
teins. These proteins can form a multi-protein complex, sta-

bilized mCRD-containing mRNA by impeding deadeny-
lation. Nevertheless, the role of Paip1 in CC is still considered
to be part of a growing sphere, which needs further investi-

Nan Li, Paip1 Expression in Cervical Carcinoma

Fig. 6.  Poly(A)-binding protein-interacting protein 1 (Paip1) promoted tumor growth in vivo. (A, B) Indicated cells were 
injected into the nude mice, and statistical comparison of the differences in tumor weight was shown. (C, D) Expression
levels of Ki-67, Bcl-2, and Bax in the xenograft tumors tissues were detected by immunohistochemistry.

C

Ki-67

Bcl-2

Bax

sh-Con sh-Paip1
SiHa

D

Ki-67

Bcl-2

Bax

Vector Paip1
C33A

sh-Con

sh-Paip1

A

500

0

200

100

300

400

Tu
m

or
 w

ei
gh

t (
m

g)

sh-Paip1sh-Con

sh-Con sh-Paip1

Vector

Paip1

B
600

500

0

200

100

300

400
Tu

m
or

 w
ei

gh
t (

m
g)

Paip1Vector

Vector Paip1

VOLUME 51 NUMBER 4 OCTOBER 2019 1663



gation. Through this study, we identified for the first time
the function of Paip1 in CC progression and the underlying
mechanism.

We firstly studied the clinicopathological significance of
Paip1 in CC, by performing immunohistochemistry. Accord-
ing to our results, Paip1 may have a tumor promoter func-
tion, and its expression could be a crucial prognostic indi-
cator in CC. Our data showed that the expression of Paip1
was significantly elevated in CC tissues, while being absent
in normal tissues. More importantly, the high Paip1 expres-
sion level was significantly associated with some clinico-
pathological parameters like clinical stage, differentiation,
and lymph node metastasis. However, no differences were
found with age or histological types. In particular, we found
that CC patients exhibiting high Paip1 expression had poorer
OS and DFS than patients with low expression. As a result,
we believed that Paip1 plays a crucial role in patient prog-
nosis, and the overexpression of Paip1 was an important
characteristic in CC occurrence and progression.

Previous studies reported that Paip1 was overexpressed in
breast cancer and can promote tumor-cell growth [13]. Con-
sistent with these findings, our in vitro and in vivo studies
have demonstrated a strong role of Paip1 in CC growth.
Since cell cycle progression was a key step for tumor growth,
and the aberrant cell cycle was closely related to the occur-
rence and development of cancers [24]. So, we assessed the
change of cell cycle in CC cells transfect with or without
Paip1, and found that Paip1 knockdown leads to G2/M cell
cycle arrested, while Paip1 overexpression exhibited the 
opposite results. Moreover, we detected the change of cycle-
related proteins cyclin B1 and CDK1, which were responsible
for the transition of the cell from the G2 to the M phase and
their down-regulation would lead to G2/M cell cycle arrest
[25]. As indicated by our data, Paip1 knockdown led to 
decreased expression of the cyclin B1 and CDK1, whereas
Paip1 overexpression enhanced cyclin B1 and CDK1 expres-
sion. These results supported that Paip1 can control the pro-
gression of the cell cycle by regulating the expression of cell
cycle proteins, thus affected CC cell proliferation.

Apoptosis was also a critical step for tumor development,
and there were complex links between cell progression and
cell apoptosis in the tumor. Bcl-2 and Bax were respectively
anti-apoptotic and pro-apoptotic genes, and both of them 
belonged to Bcl-2 gene family [26]. Increased levels of pro-
apoptotic proteins and/or decreased anti-apoptotic proteins
can lead to apoptosis [27]. In the present report, Paip1 knock-
down was found to induce apoptosis and followed a 
decrease of Bcl-2, an increase of Bax expression. Current
thinking suggested that the ratio of Bax to Bcl-2 may play a
vital role in cell apoptosis [28]. Thus, we conclude that Paip1
might be closely bonded with the apoptosis of CC cells
through regulating the expression of apoptotic proteins,

thereby influenced the proliferation of CC cell.
To summarize, as suggested by our research, Paip1 was

overexpressed in CC samples and associated with the 
adverse outcomes in patients with CC, Paip1 knockdown 
induced inhibition of cell growth, G2/M arrest and apoptosis
in CC cells (Fig. 7). These findings may provide the potential
use of Paip1 as a therapeutic target of CC. Before that, a more
comprehensive study was urgently needed to determine the
mechanisms of Paip1 as an informative biomarker in patients
with CC.
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Fig. 7.  Schematic diagram. Poly(A)-binding protein-inter-
acting protein 1 (Paip1) enhanced proliferation and inhib-
ited apoptosis in cervical cancer.

Apoptosis

G2/M phase
arrest

M

G2

G1

S

Membrane

Cytoplasm

Mitochondria

Nucleus
Cyclin B1
CDK1

Bcl-2

Bax

p21

Sh-Paip1

1664 CANCER  RESEARCH  AND  TREATMENT



Nan Li, Paip1 Expression in Cervical Carcinoma

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Can-
cer J Clin. 2018;68:7-30.

2. Mehlen P, Puisieux A. Metastasis: a question of life or death.
Nat Rev Cancer. 2006;6:449-58.

3. Kim JJ, Campos NG, Sy S, Burger EA, Cuzick J, Castle PE, et
al. Inefficiencies and high-value improvements in U.S. cervical
cancer screening practice: a cost-effectiveness analysis. Ann
Intern Med. 2015;163:589-97.

4. Kodama J, Seki N, Masahiro S, Kusumoto T, Nakamura K,
Hongo A, et al. Prognostic factors in stage IB-IIB cervical ade-
nocarcinoma patients treated with radical hysterectomy and
pelvic lymphadenectomy. J Surg Oncol. 2010;101:413-7.

5. Qiao L, Zheng J, Tian Y, Zhang Q, Wang X, Chen JJ, et al. Reg-
ulator of chromatin condensation 1 abrogates the G1 cell cycle
checkpoint via Cdk1 in human papillomavirus E7-expressing
epithelium and cervical cancer cells. Cell Death Dis. 2018;9:
583.

6. 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.

7. Moore KN, Rowland MR. Treatment advances in locoregion-
ally advanced and stage IVB/recurrent cervical cancer: can we
agree that more is not always better? J Clin Oncol. 2015;33:
2125-8.

8. Martineau Y, Derry MC, Wang X, Yanagiya A, Berlanga JJ,
Shyu AB, et al. Poly(A)-binding protein-interacting protein 1
binds to eukaryotic translation initiation factor 3 to stimulate
translation. Mol Cell Biol. 2008;28:6658-67.

9. Craig AW, Haghighat A, Yu AT, Sonenberg N. Interaction of
polyadenylate-binding protein with the eIF4G homologue
PAIP enhances translation. Nature. 1998;392:520-3.

10. Kanaan AS, Frank F, Maedler-Kron C, Verma K, Sonenberg N,
Nagar B. Crystallization and preliminary X-ray diffraction
analysis of the middle domain of Paip1. Acta Crystallogr Sect
F Struct Biol Cryst Commun. 2009;65(Pt 10):1060-4.

11. Fukada Y, Yasui K, Kitayama M, Doi K, Nakano T, Watanabe
Y, et al. Gene expression analysis of the murine model of amy-
otrophic lateral sclerosis: studies of the Leu126delTT mutation
in SOD1. Brain Res. 2007;1160:1-10.

12. Scotto L, Narayan G, Nandula SV, Subramaniyam S, Kauf-
mann AM, Wright JD, et al. Integrative genomics analysis of
chromosome 5p gain in cervical cancer reveals target over-
expressed genes, including Drosha. Mol Cancer. 2008;7:58.

13. Piao J, Chen L, Jin T, Xu M, Quan C, Lin Z. Paip1 affects breast
cancer cell growth and represents a novel prognostic bio-
marker. Hum Pathol. 2018;73:33-40.

14. Yang Y, Wu Q, Li N, Che S, Jin T, Nan Y, et al. Upregulation
of Tiam1 contributes to cervical cancer disease progression
and indicates poor survival outcome. Hum Pathol. 2018;75:

179-88.
15. Chen L, Jin T, Zhu K, Piao Y, Quan T, Quan C, et al. PI3K/

mTOR dual inhibitor BEZ235 and histone deacetylase inhi-
bitor Trichostatin A synergistically exert anti-tumor activity
in breast cancer. Oncotarget. 2017;8:11937-49.

16. Li N, Wang Y, Che S, Yang Y, Piao J, Liu S, et al. HBXIP over
expression as an independent biomarker for cervical cancer.
Exp Mol Pathol. 2017;102:133-7.

17. Gao J, Yu H, Guo W, Kong Y, Gu L, Li Q, et al. The anticancer
effects of ferulic acid is associated with induction of cell cycle
arrest and autophagy in cervical cancer cells. Cancer Cell Int.
2018;18:102.

18. Gorelick-Ashkenazi A, Weiss R, Sapozhnikov L, Florentin A,
Tarayrah-Ibraheim L, Dweik D, et al. Caspases maintain tissue
integrity by an apoptosis-independent inhibition of cell 
migration and invasion. Nat Commun. 2018;9:2806.

19. Watkins SJ, Norbury CJ. Translation initiation and its deregu-
lation during tumorigenesis. Br J Cancer. 2002;86:1023-7.

20. Bitterman PB, Polunovsky VA. Translational control of cell
fate: from integration of environmental signals to breaching
anticancer defense. Cell Cycle. 2012;11:1097-107.

21. Pestova TV, Kolupaeva VG. The roles of individual eukaryotic
translation initiation factors in ribosomal scanning and initia-
tion codon selection. Genes Dev. 2002;16:2906-22.

22. Spilka R, Ernst C, Mehta AK, Haybaeck J. Eukaryotic transla-
tion initiation factors in cancer development and progression.
Cancer Lett. 2013;340:9-21.

23. Grosset C, Chen CY, Xu N, Sonenberg N, Jacquemin-Sablon
H, Shyu AB. A mechanism for translationally coupled mRNA
turnover: interaction between the poly(A) tail and a c-fos RNA
coding determinant via a protein complex. Cell. 2000;103:29-
40.

24. Santo L, Siu KT, Raje N. Targeting cyclin-dependent kinases
and cell cycle progression in human cancers. Semin Oncol.
2015;42:788-800.

25. Taylor WR, Stark GR. Regulation of the G2/M transition by
p53. Oncogene. 2001;20:1803-15.

26. Lucantoni F, Lindner AU, O'Donovan N, Dussmann H, Prehn
JH. Systems modeling accurately predicts responses to geno-
toxic agents and their synergism with BCL-2 inhibitors in
triple negative breast cancer cells. Cell Death Dis. 2018;9:42.

27. Merino D, Lok SW, Visvader JE, Lindeman GJ. Targeting BCL-
2 to enhance vulnerability to therapy in estrogen receptor-pos-
itive breast cancer. Oncogene. 2016;35:1877-87.

28. Zhu L, Hao J, Cheng M, Zhang C, Huo C, Liu Y, et al. Hyper-
glycemia-induced Bcl-2/Bax-mediated apoptosis of Schwann
cells via mTORC1/S6K1 inhibition in diabetic peripheral neu-
ropathy. Exp Cell Res. 2018;367:186-95.

References

VOLUME 51 NUMBER 4 OCTOBER 2019 1665



1666 CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2019;51(4):1666-1670

pISSN 1598-2998, eISSN 2005-9256

https://doi.org/10.4143/crt.2019.022

Open Access

Diffuse Large B-Cell Lymphoma Arising within Ileal Neobladder: 
An Expanding Spectrum of Diffuse Large B-Cell Lymphoma Associated
with Chronic Inflammation

Case Report

Diffuse large B-cell lymphoma associated with chronic inflammation (DLBCL-CI), specifically

arising in ileal neobladder, is a rare neoplasm. We present an unusual case of Epstein–

Barr virus (EBV)–positive DLBCL-CI arising within neobladder with detailed clinical, histolog-

ical, and immunophenotypical features in an immunocompetent patient. An 88-year-old

male was admitted for gross hematuria. He had undergone radical cystectomy and ileal

neobladder 17 years ago for invasive bladder cancer. Computed tomography showed 

enhancing lesions on dome and posterior wall of neobladder with mucosal thickening and

multiple enlarged retroperitoneal lymphadenopathies. Transurethral resection of neobladder

lesion revealed the diffuse infiltration of large lymphoid cells which were positive for CD20,

CD30, and multiple myeloma oncogen-1 with EBV-encoded small RNAs co-localizing, and

diagnosis of EBV-positive DLBCL-CI was made. After multi-agent chemotherapy, the lesion

disappeared. We suggest that clinicians should consider the possibility of DLBCL-CI in pati-

ents presented with hematuria during follow-up after bladder reconstruction.
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Diffuse large B-cell lymphoma, Epstein–Barr virus, Ileal neobladder, 

Bladder reconstruction, Radical cystectomy
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Introduction

Diffuse large B-cell lymphoma with chronic inflammation
(DLBCL-CI) is a lymphoid neoplasm occurring in the setting
of longstanding chronic inflammation and showing associa-
tion with Epstein–Barr virus (EBV) [1]. The development of
malignant lymphoma in a reconstructed organ, such as the
stoma, ileal conduit, or ileal neobladder, is extremely rare
[2,3]. Most cases involve body cavities or narrow spaces,

while pyothorax–associated lymphoma is the prototypical
form [4]. In this article, we report a case of a patient with
EBV-positive DLBCL-CI arising within ileal neobladder.
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Case Report

An 88-year-old immunocompetent man was admitted
with gross hematuria for several days. He had a history of
invasive bladder cancer and had received curative radical
cystectomy and ileal neobladder reconstruction 17 years ago.
The patient did not have any other symptoms, including
fever, night sweats, weight loss or fatigue. He had neither a
history of inflammatory bowel disease nor medication of 
immunosuppressant. As initial diagnostic work-ups for
hematuria, computed tomography (CT) scan showed enhan-
cing lesion on dome and posterior wall of neobladder with
mucosal thickening, and multiple enlarged retroperitoneal
lymphadenopathies including paraaortic, aortocaval, retro-
caval, right common iliac, and ileocolic mesenteric lymph
nodes, measuring up to 4 cm (Fig. 1A and B). Multiple metal-
lic clips, which were used during previous neobladder for-
mation, were noted in pelvic cavity but were distant from the
mass lesion. On cystoscopy, diffuse, sessile mucosal lesion
was observed on dome and posterior wall, consistent with
CT finding. Colonoscopy showed normal colonic mucosa
without definite mass formation or abnormal vasculatures.
Positron emission tomography (PET)–CT scan revealed 
hypermetabolic irregular mass measuring about 6.7 cm in
length at dome and posterior wall of neobladder with enlar-
ged hypermetabolic retrocrural, retrocaval, paraaortic, aor-
tocaval, right common iliac, ileocolic lymph nodes measuring
up to 4 cm in diameter (Fig. 1C and D). There were no spe-
cific radiologic abnormalities in other organs. 

For pathologic diagnosis of mucosal lesion on ileal neo-
bladder, the patient underwent transurethral resection under
general anesthesia. The mass lesion was too hard to be 
obtained by biopsy forceps; thus, the lesion was resected

using bipolar resectoscope at multiple sites. The surgery was
uneventful without neobladder perforation.

The biopsied samples of ileal neobladder were composed
of several fragments of soft tissue measuring 2!1!1 cm in 
aggregates. Microscopic examination revealed different his-
tology in each fragment. The severity of infiltration with
CD20-positive atypical B lymphocytes was variable from dif-
fuse infiltrates to focal aggregates. The neoplastic cells had
large nuclei, prominent nucleoli, irregular nuclear membranes,
and scant cytoplasm (Fig. 2A). Angioinvasion by atypical
lymphocytes with intravascular thrombosis was noted 
(Fig. 2B) with high EBV-encoded small RNA 1 and 2 (EBER)
positivity (Fig. 2C). The EBER positivity was prominent near
ulcerated mucosa and perivascular area. The CD20-positive
atypical lymphocytes (Fig. 2D) showed the non-germinal
center immunophenotype with negative reaction to CD10,
BCL6, but positive reaction to multiple myeloma oncogen-1
(Fig. 2E) with Ki-67 index over 40%. Patchy CD30 positivity
of 10% (Fig. 2F) and scattered p53 positivity of 40% were also
noted (Fig. 2G). The chronic inflammation area was noted in
a patchy manner within ileal tissue with focal epithelioid his-
tiocytic reaction resembling granuloma and CD3-positive T
cells. Blood tests for EBV antibodies showed that IgG for EBV
viral capsid antigen (EBV-VCA) and IgG for Epstein-Barr
nuclear antigen were positive, but IgM for EBV-VCA and
IgM/IgG for EBV early antigen diffuse and restricted were
not detected. EBV DNA was not found in the blood by poly-
merase chain reaction (PCR) assay. Bone marrow study
showed no lymphomatous lesion. Integrating these findings,
a diagnosis of DLBCL-CI, staged IIE according to the Ann
Arbor Staging system, was made [5,6]. 

After diagnosis, patient received multi-agent chemother-
apy with rituximab 375 mg/m2 D1 plus cyclophosphamide
750 mg/m2 D1, doxorubicin 40 mg/m2 D1, vincristine 1.4

Fig. 1.  Computed tomography (CT) scan showed enhancing lesion in the dome and posterior wall of ileal neobladder (yellow
arrows) (A) and multiple retroperitoneal lymphadenopathies (orange arrows) (B). Positron emission tomography computed
tomography showed localized 18F-fluorodeoxyglucose accumulation in ileal neobladder (yellow arrow) (C) and multiple
retroperitoneal lymph nodes (orange arrows) (D).
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mg/m2 D1, and prednisone 100 mg D1-5 (R-CHOP) for 21
days/cycle. After six cycles of chemotherapy, follow-up CT
and PET-CT scan showed disappearance of neobladder 
lesion and multiple retroperitoneal lymphadenopathies 

(Fig. 3). The patient’s condition is good up to 2 months after
finishing the chemotherapy, and he is under regular follow-
up.

The study protocol was approved by the Institutional 

Fig. 3.  Follow-up computed tomography scan after transurethral surgery and six cycles of “R-CHOP” chemotherapy showed
disappearance of neobladder lesion (A) and multiple retroperitoneal lymphadenopathies (B). Follow-up positron emission
tomography computed tomography showed no 18F-fluorodeoxyglucose accumulation in ileal neobladder (C) and retroperi-
toneal lymph nodes (D), which was previously noted.

A B DC

Fig. 2.  (A) Diffuse large atypical lymphoid cell infiltrates (!200). (B) Focal destructive vascular invasion with surrounding
necrosis (!100). (C) Neoplastic lymphocytes were positive for Epstein–Barr virus encoded RNA on in situ hybridization
(!100). (D-G) The lymphocytes were diffusely immunoreactive for CD20 (D, !200) and multiple myeloma oncogen-1
(E, !200), and showed patchy positivity for CD30 (F, !100) and p53 (G, !200). 
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Review Board of the Eulji University Hospital (No. 2018-11-
003). The study patient was informed as to the purpose of
the study and provided his consent.

Discussion

To our knowledge, this is the first report of EBV-positive
DLBCL-CI arising in an ileal neobladder. To date, only two
cases [2,3] were reported with regards to malignant lym-
phoma arising in ileal conduit or ileal neobladder after rad-
ical cystectomy. However, the presence of EBV and lympha-
denopathy was not detected in the prior DLBCL cases [2,3]. 

The major clinicopathological features of DLBCL-CI were
adopted by the 2008 World Health Organization classifica-
tion criteria as follows: occurrence in an enclosed environ-
ment, association with prolonged chronic inflammation,
morphological features of DLBCL, positivity for B-cell 
immunophenotype, and positivity for EBV with type III 
latency [1]. The DLBCL-CI criteria rely primarily on clinical
settings that prolonged inflammation within enclosed spaces
induces the accumulation of cytokines such as interleukin
(IL)-6 and IL-10, thereby promoting the proliferation of EBV-
infected B cells. DLBCL-CI has been reported in association
with previous artificial manipulation such as metallic impl-
ant, prosthetic heart valves, synthetic vascular Dacron grafts,
surgical mesh implant which could induce prolonged immu-
ne reaction against foreign material [7,8]. While our patient
had neither a history of inflammatory bowel disease nor 
immunosuppressive therapy, ileal neobladder with metallic
clips, as an artificially manipulated enclosed organ, could be
vulnerable to malignant transformation associated with pro-
longed inflammation due to chronic exposure to metallic
clips and harmful urine components [2,3].

EBV, a ubiquitous gamma herpes virus, is usually acquired
silently early in life and carried thereafter as an asympto-

matic infection of the B lymphoid system [9]. In our case,
blood tests and PCR result for EBV indicate remote infection.
Disruption of the finely regulated balance between virus and
host immune system can result in EBV-associated lympho-
proliferative disorders (LPDs). While there is still uncertainty
on the spectrum of EBV-associated B-cell LPDs, EBV has
been involved in the occurrence of Burkitt lymphoma, lym-
phomas with immunodeficiency, DLBCL not otherwise spec-
ified, DLBCL-CI, and lymphomatoid granulomatosis [10]. In
particular, the diagnosis of lymphomatoid granulomatosis
was considered as a differential diagnosis in relation to the
histological features of lympho-histiocytic infiltration with
epithelioid reaction and angiodestruction. However, because
our patient did not have pulmonary involvement, the diag-
nosis of DLBCL-CI was more appropriate rather than lym-
phomatoid granulomatosis [11].

Although there is no convincing report regarding prognos-
tic value of EBV positivity in specific DLBCL-CI, EBV-posi-
tive DLBCL has been reported to be associated with poor
clinical outcomes [12,13]. For example, Montes-Moreno et al.
[13] reported that EBV-positive DLBCL of the elderly had
poor survival with estimated 2-year overall survival rate of
40% and 2-year progression-free survival of 36%. Thus, 
although our patient with EBV-positive DLBCL-CI showed
complete remission immediately after six cycles of chemo-
therapy, further long-term follow-up will be mandatory. 

In conclusion, this case is the first report of the develop-
ment of EBV-positive DLBCL-CI in an ileal neobladder. 
Although DLBCL is very rare in ileal conduit or ileal neo-
bladder after radical cystectomy, clinicians should consider
the possibility of lymphoma associated with chronic inflam-
mation in patients presented with hematuria during long-
term follow-up after bladder reconstruction.
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