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Open Access

Risk Factors for a False-Negative Result of Sentinel Node Biopsy 
in Patients with Clinically Node-Negative Breast Cancer  

Original Article

Purpose
Although sentinel lymph node biopsy (SLNB) can accurately represent the axillary lymph
node (ALN) status, the false-negative rate (FNR) of SLNB is the main concern in the patients
who receive SLNB alone instead of ALN dissection (ALND).  

Materials and Methods
We analyzed 1,886 patients who underwent ALND after negative results of SLNB, retrospec-
tively. A logistic regression analysis was used to identify risk factors associated with a false-
negative (FN) result. Cox regression model was used to estimate the hazard ratio of factors
affecting disease-free survival (DFS). 

Results
Tumor located in the upper outer portion of the breast, lymphovascular invasion, suspicious
node in imaging assessment and less than three sentinel lymph nodes (SLNs) were signif-
icant independent risk factors for FN in SLNB conferring an adjusted odds ratio of 2.10
(95% confidence interval [CI], 1.30 to 3.39), 2.69 (95% CI, 1.47 to 4.91), 2.59 (95% CI,
1.62 to 4.14), and 2.39 (95% CI, 1.45 to 3.95), respectively. The prognostic factors affecting
DFS were tumor size larger than 2 cm (hazard ratio [HR], 1.86; 95% CI, 1.17 to 2.96) and
FN of SLNB (HR, 2.51; 95% CI, 1.42 to 4.42) in SLN-negative group (FN and true-negative),
but in ALN-positive group (FN and true-positive), FN of SLNB (HR, 0.64; 95% CI, 0.33 to
1.25) did not affect DFS.    

Conclusion
In patients with risk factors for a FN such as suspicious node in imaging assessment, upper
outer breast cancer, less than three harvested nodes, we need attention to find another
metastatic focus in non-SLNs during the operation. It may contribute to provide an exact
prognosis and optimizing adjuvant treatments.

Key words
False negative, Sentinel lymph node, Prognosis, Breast neoplasms
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Introduction

Nevertheless, molecular profiles are acknowledged prom-
ising prognostic factor, axillary lymph node (ALN) status is
still the most important prognostic factor in breast cancer 
patients. This exact evaluation of ALN status is important.
Sentinel lymph node biopsy (SLNB) represents the status of

axillary involvement with more than 90% accuracy and 
develops a less complication than conventional axillary
lymph node dissection (ALND) [1,2]. Larger randomized
clinical trials have confirmed that the SLNB alone is a suffi-
cient method in terms of disease-free survival (DFS), overall
survival (OS), and moreover regional node recurrence event
compared to ALND in sentinel lymph node (SLN)negative
breast cancer patients [3,4]. The axillary recurrence after a
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tumor-negative SLNB on 14,959 patients showed that only
67 women developed an axillary recurrence, resulting in a
recurrence rate of 0.3% [5]. Several randomized controlled
trials also showed that axillary recurrence in SLN-negative
patients was very low [1,3,4]. According to these results,
SLN-negative patients do not undergo complete ALND any-
more, but we still have the issue of false-negative (FN) in
SLNB alone patients. False-negative rate (FNR) of the proce-
dure was between 4.6% and 16.7% [6] with an average of
8.4% overall [7]. In case of FN, the remnant disease may 
potentially influence on poor clinical outcomes. ALN metas-
tasis remain the most significant prognostic factor that dic-
tates the use of adjuvant chemotherapy (CTx) [8,9]; however,
in recent SLNB alone era a FN of SLNB can lead to under-
standing of disease and cannot provide exact information to
make decisions for adjuvant treatment. The issue of FN has
made the hesitation in the omission of further lymph node
dissection in SLN-negative patients. Therefore, we need to
pay particular attention to reducing FN in SLNB. The aim of
the present study is to identify the risk factors for a FN of
SLNB, and to analyze its clinical significance in patients with
breast cancer.

Materials and Methods

1. Patients

We retrospectively analyzed the data of patients who were
surgically treated for primary invasive breast cancer and
who underwent a SLNB followed by completion of an
ALND between January 1998 and December 2013 at Sever-
ance Hospital and Gangnam Severance Hospital, Yonsei Uni-
versity College of Medicine, Seoul, Korea. Only patients
whose SLNB results were negative for malignancy docu-
mented in the permanent section were enrolled in the present
study. Women with carcinoma in situ or microinvasive car-
cinoma were excluded. We also excluded those who had 
received neoadjuvant CTx or preoperative hormonal ther-
apy. The study was approved by the Institutional Review
Board of Severance Hospital.

The clinical data from each patient was reviewed, and
pathological findings, including tumor size, tumor grade,
presence of multifocal or multicentric disease, and the num-
ber of lymph node metastases, were recorded. The results of
estrogen receptor and progesterone receptor analysis were
also recorded. The pathologic T stage and lymph node (N)
stage were classified according to the seventh edition of the
American Joint Committee on Cancer/Union for Interna-
tional Cancer Control classification system [10]. The modi-

fied Scarf-Bloom-Richardson grading system was used for
tumor grading. Most of the patients underwent breast and
axillary ultrasound (US), breast magnetic resonance imaging
(MRI) or positron emission tomography/computed tomog-
raphy (PET-CT) for preoperative evaluation. Preoperative
imaging studies were reviewed to evaluate axillary lymph
node status. The suspicious finding of ALN metastasis based
on the radiologist’s report, in any of these imaging studies
was considered as positive image finding. Adjuvant systemic
therapy and/or radiotherapy were considered according to
the standard guideline based on patient age, primary tumor
characteristics, and ALN status. Anti-hormone therapies
were used for patients according to their hormone receptor
status.

We categorized the results of SLNB as FN, true-negative
(TN), and true-positive (TP). A FN SLN was defined as neg-
ative SLNs but tumor-positive in non-SLNs. TN SLN was 
defined as negative SLN and TP SLN was defined as positive
SLN.

2. Procedure of SLNB 

The SLNB was performed using technetium-99m (99mTc)
tin colloid. Intradermal injection of 0.4 mL 30 MBq (0.8 mCi)
99mTc tin colloid diluted in normal saline solution was per-
formed in 3-4 subareolar and intradermal areas. SLN were
determined by employing a gamma detector in the operating
room (Gamma Detection System, Neoprobe Corporation,
Dublin, OH). The lymph node showing the highest radioac-
tivity was dissected, after which the gamma detector was
used again to confirm the correct lymph node. All radioac-
tive lymph nodes with a count equal to or greater than 10%
of the highest radioactive lymph node were removed. When
suspicious lymph nodes were found after a SLNB that were
not detected by the gamma probe, they were removed and
examined as non-SLNs. All patients underwent ALND after
a SLNB.

3. Statistical methods

A chi-square test was used to compare characteristics of
the FN and TN groups. A logistic regression analysis was
used to identify the risk factors for a FN in a SLNB. The 
Kaplan-Meier method and Cox regression model were used
for the survival analysis. To control for differences in the
baseline characteristics in each TP and FN group, a propen-
sity score matching was used with match tolerance 0.001 and
1:1 ratio. The model included survival related characteristics,
such as age at diagnosis, T stage, N stage, lymphovascular
invasion, nuclear grade, human epidermal growth factor 
receptor 2 (HER2) status, anti-hormonal therapy, and type of
breast surgery. We have incorporated changes in surgical
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Table 1. Clinicopathological characteristics between false-negative and true-negative group for sentinel lymph node biopsy
Characteristic False-negative (n=179) True-negative (n=1,707) p-value
Age (yr)
 50 97 (54.2) 996 (58.3) 0.288
> 50 82 (45.8) 712 (41.7)
Mean (range) 50.0 (27-74) 50.0 (22-87)

Type of breast surgery
Total mastectomy 109 (60.6) 922 (54.0) 0.065
Breast conserving surgery 70 (39.4) 785 (46.0)

T stage
T1 101 (56.4) 1,173 (68.7) 0.007
T2 76 (42.5) 518 (30.3)
 T3 2 (1.1) 16 (0.9)
Tumor size, mean (range, cm) 2.10 (0.4-6.3) 1.80 (0.1-8.5)

Histology type
Infiltrating ductal 162 (90.5) 1,427 (83.5) 0.053
Lobular 4 (2.2) 71 (4.2)
Other 13 (7.3) 210 (12.3)

Modifier Bloom-Richardson score
I 41 (24.6) 362 (23.5) 0.679
II 84 (50.3) 739 (48.0)
III 42 (25.1) 438 (28.5)
Missing 12 ( 169 (

Estrogen receptor
Positive 119 (67.2) 1,132 (66.6) 0.863
Negative 58 (32.8) 568 (33.4)
Missing 2 ( 7 (

Progesterone receptor
Positive 111 (63.1) 988 (58.6) 0.260
Negative 65 (36.9) 699 (41.4)
Missing 3 ( 21 (

HER2
Positivea) 41 (27) 258 (17.8) 0.006
Negative 111 (73) 1,195 (82.2)
Missing 27 ( 255 (

Subgroup
HR(+)HER2(–) 84 (53.8) 862 (57) 0.018
HR(+)HER2(+) 25 (16) 138 (9.1)
HR(–)HER2(+) 16 (10.3) 120 (7.9)
HR(–)HER2(–) 31 (19.9) 392 (25.9)

Lymphovascular invasion
Positive 20 (18.5) 73 (8.3) 0.001
Negative 88 (81.5) 806 (91.7)
Missing 71 ( 829 (

No. of dissected sentinel nodes
1 78 (43.6) 520 (30.4) 0.002
2 48 (26.8) 446 (26.1)
3 24 (13.4) 280 (16.4)
4 12 (6.7) 216 (12.6)
 5 17 (9.5) 246 (14.4)

(Continued to the next page)



technique by incorporating. All statistical analyses were per-
formed using the SPSS ver. 24.0 (IBM Corp., Armonk, NY).
A p-value less than 0.05 was considered to indicate a statis-
tically significant difference.

Results

To assess risk factors for false-negativity in SLNB, 1,886 
patients who underwent back up ALND after negative 
results of SLNB were enrolled in the present study. Among
them, 1,707 patients have TN results, 179 patients were 
revealed to have a FN in the SLNB, and 24 patients had more
than four positive axillary lymph nodes. The clinicopatho-
logic characteristics of patients are presented in Table 1.
Compared to those with a TN, factors found to be signifi-
cantly associated with a FN in the SLNB included a primary
tumor size > 2 cm, HER2-positive, lymphovascular invasion
(LVI), positive results of preoperative axilla image studies
and tumor location in the upper outer breast. There were 
patients with a single harvested SLN during the procedure.
These represented 78 patients (43.6%) in the FN group and

520 patients (30.4%) in the TN group, respectively. There
were 77 patients (45.8%) with suspicious imaging study 
result in the FN group and 372 patients (22.8%) in the TN
group. Adjuvant CTx and radiation therapy were provided
more frequently in those with a FN in the SLNB (p < 0.001
and p=0.033, respectively) (Table 1).

In the univariate analysis of risk factors for false-negativity
in SLNB, odds ratio of tumor size > 2 cm, tumor in the upper
outer quadrant of the breast, ductal histologic type, the pres-
ence of LVI, and positive results in imaging assessment were
1.70, 1.78, 1.88, 2.51, and 2.861, respectively. Three or more
dissected SLNs had a statistically significant lower odds ratio
for a FN in the SLNB than 1 or 2 dissected SLNs (odds ratio
of 0.57 and 0.37, respectively). A multivariate logistic regres-
sion model identified that tumor located in the upper outer
quadrant of the breast, the presence of LVI, positive result in
imaging assessment, and the number of dissected SLNs ( 2)
still remained significant independent risk factors for a FN
in the SLNB (adjusted odds ratio of 2.10 [95% confidence 
interval, 1.30 to 3.39], 2.69 [95% confidence interval, 1.47 to
4.91], 2.59 [95% confidence interval, 1.62 to 4.14], and 2.39
[95% confidence interval, 1.45 to 3.95], respectively) (Table 2).

During the median 62.0 months (range, 1 to 174 months)
of follow-up period, 18 patients (10.1%) had a recurrence and

Cancer Res Treat. 2018;50(3):625-633

Table 1. Continued
Characteristic False-negative (n=179) True-negative (n=1,707) p-value
No. of metastatic lymph nodes

1 123 (68.7) - -
2 26 (14.5) -
3 6 (3.4) -
 4 24 (13.4) -

Tumor location
Upper outer 113 (63.1) 829 (49.0) < 0.001
Upper inner 21 (11.7) 367 (21.7)
Lower outer 23 (12.8) 151 (8.9)
Lower inner 6 (3.4) 88 (5.2)
Central 16 (8.9) 257 (15.2)

Imaging assessment
Positiveb) 77 (45.8) 372 (22.8) < 0.001
Negativec) 91 (54.2) 1,258 (77.2)

Adjuvant treatment
Chemotherapy 169 (96.6) 1,043 (62.1) < 0.001
Anti-hormone therapy 121 (69.5) 1,171 (69.2) 0.928
Radiation therapy 97 (55.1) 794 (46.5) 0.033

Values are presented as number (%). HR, hormone receptor; HER2, human epidermal growth factor receptor 2. a)HER-2 pos-
itive was defined by three positive on immunohistochemistry or amplification on fluorescence in situ hybridization, b)Image
positive was defined as suspicious axillary lymph nodes on one or more imaging studies, c)Image negative was defined as
non-suspicious axillary lymph nodes on all imaging studies.
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nine patients (5.0%) died in the FN group (n=174). Two 
patients (1.1%) had a loco-regional recurrence, and 16 (8.9%)
had a systemic relapse. In the TN group (n=1,707), 72 (4.2%) 
patients had a recurrence, and 53 (3.1%) women died.
Twenty-two of 72 (1.3%) had a loco-regional recurrence, and
50 (2.9%) had a systemic relapse. We also analyzed the sur-
vival of TP patients to see whether there exists a difference
between FN and TP among ALN-positive patients according
to SLN positivity. In TP group, 10.2% patients had experi-
enced recurrence and 5.3% of them died. Among them, 2.3%
had loco-regional recurrence and 7.9% had systemic recur-
rence.

In multivariate analysis, the prognostic factors for DFS in
SLN-negative group (TN and FN) were tumor size > 2 cm
(hazard ratio [HR], 1.86; p=0.009) and false-negativity (HR,

2.51; p=0.002). On the other hand, in the ALN-positive group
(TP and FN), false-negativity (HR, 0.64; p=0.191) did not 
affect the prognosis of the DFS and only tumor size and
nodal status were statistically significant prognostic factors
(Table 3). The 5-year DFS rate and OS rate in the FN group
were 89.2% and 94.6%, respectively, compared to 95.5% and
97.3% in the TN group (Fig. 1). To compensate for differences
of factors affecting survival between FN and TP group, 
patients were selected in each group and baseline character-
istics of each patient were well balanced (S1 Table). The 
adjusted 5-year DFS rate was same in both groups (89.3%).
OS rate was 96.1% in the FN group and 96.7% in the TP
group. There was no statistical difference between FN and
TP in terms of survival outcomes (S2A and S2B Fig.).
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Table 2. Multivariate analysis for risk factor of false-negative in sentinel lymph node biopsy
Variable Odds ratio 95% CI p-value
Tumor size > 2 cm 1.17 0.73-1.87 0.510
Tumor location, UO 2.10 1.30-3.39 0.002
Histology, ductal 1.61 0.77-3.36 0.185
HER2, positive 1.64 0.98-2.74 0.058
LVI, positive 2.69 1.47-4.91 0.001
Imaging assessment, positive 2.59 1.62-4.14 < 0.001
No. of dissected SLN,  2 2.39 1.45-3.95 0.001

CI, confidence interval; UO, upper outer; HER2, human epidermal growth factor receptor 2; LVI, lymphovascular invasion;
SLN, sentinel lymph node.

Variable
SLN-negative (TN and FN) ALN-positive (FN and TP)

Hazard ratio 95% CI p-value Hazard ratio 95% CI p-value
Age > 50 yr 1.02 0.35-1.12 0.116 1.21 0.66-2.20 0.526
Tumor size > 2 cm 1.86 1.17-2.96 0.009 2.20 1.17-4.11 0.014
N stage, N  2 - - - 2.13 1.12-4.06 0.022
Histologic grade 1.02 0.58-1.78 0.941 1.56 0.88-3.05 0.118
LVI 0.99 0.35-2.80 0.989 0.71 0.35-1.42 0.330
HR positivity 0.50 0.62-3.89 0.337 0.91 0.36-2.29 0.835
HER2, positive 0.51 0.24-1.08 0.079 0.59 0.29-1.22 0.157
False-negative 2.51 1.42-4.42 0.002 0.64 0.33-1.25 0.191
Breast surgery, TM 0.67 0.39-1.15 0.148 0.97 0.48-1.97 0.925
Chemotherapy 0.75 0.41-1.26 0.339 0.75 0.62-1.64 0.862
Anti-hormone therapy 0.83 0.29-2.36 0.725 0.61 0.27-1.40 0.250

Table 3. Multivariate analysis of prognostic factor for disease-free survival in patients undergoing sentinel lymph node
biopsy  

SLN, sentinel lymph node; TN, true-negative; FN, false-negative; ALN, axillary lymph node; TP, true-positive; CI, confidence
interval; LVI, lymphovascular invasion; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; TM, total
mastectomy. 
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Discussion

ALN status is still one of the most important prognostic
factors, and provide important information to decide an 
appropriate adjuvant treatment in breast cancer patients.
SLNB has become the standard treatment of choice for eval-
uation of ALN status after releasing the results of NSABP 
B-32 trial [4]. The majority of surgeons does not complete
ALND in patients with SLN-negative. In the NSABP B-32
trial, there was 9.8% FNR in SLNB followed by ALND group
[11], considering that, there might be about 10% FN patients
in SLNB alone group. Although, there was no significant dif-
ference in survival outcomes between two groups [4], about
10% of hidden FN patients could not obtain accurate infor-
mation of ALN status compared with TN patients and were
spared from appropriate adjuvant treatments. In recent
SLNB alone era, information about ALN status is acquired
through SLNB only. Therefore, efforts should be made to 
decrease the FN in SLNB. 

There are several studies that have identified clinical fac-
tors predictive of a FN in a SLNB [12-17]. They mentioned
tumor size, multifocal-multicentric disease, location of
tumor, and number of removed SLN as risk factors. All of
these studies were focused on FNR, in which the FN results
were compared with TP results. In clinical practice, however,
distinguishing whether a negative result in a SLNB is truly
negative or actually positive is more important. In the pres-
ent study, we have assessed the risk factors of FN in SLNB

and analyzed effect of false-negative results to patients’ sur-
vival. Tumor location, LVI, positive result in imaging 
assessment, and the number of dissected SLNs were the 
independent factors associated with a FN in the SLNB. 

Among these risk factors, we newly found that patients
with suspicious nodes in any kinds of preoperative imaging
studies had a greater risk of FN with odd ratio 2.59 in a
SLNB. The sensitivity and specificity to detect ALN metas-
tasis with preoperative axillary US in the literature ranges
from 25% to 87% and 77% to 100%, respectively [18-20].
Combining axillary US with breast MRI or PET-CT may 
enhance in predicting ALN metastasis because multimodal
imaging studies improve the diagnostic performance com-
pared with axillary US alone [21-23]. Nevertheless, preoper-
ative suspicious finding in imaging studies is not enough to
determine ALND without SLNB. Patients with suspicious
ALN in imaging modality who showed negative result from
preoperative fine needle aspiration or core needle biopsy
could be indicated for SLNB if they do not have matted ALN.
A possible reason for increased FNR in suspicious ALNs in
imaging studies is that SLNs and radiologically suspicious
nodes may not be identical. Wang et al. [24] reported that
38.3% of suspicious ALNs in US were indeed SLNs and FNR
was decreased from 11.3% to 2.8% when SLNB with addi-
tional US-guided suspicious node excision was done. Gen-
erally, the metastatic tumor burden in suspicious lymph
nodes in imaging studies is larger than that of benign looking
nodes. The increased tumor burden may obstruct the peri-
nodal lymphatic channel; then lymphatic drainage might 
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Fig. 1.  Disease-free survival and overall survival according to the results of sentinel lymph node (LN) biopsy. (A) Disease-
free survival analysis between true-negative and false-negative group (p=0.001). (B) Overall survival analysis between true-
negative and false-negative group (p=0.312). 
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bypass the true metastatic ALN which can lead to FN of
SLNB. In the present study, only 17.1% of patients with sus-
picious node in imaging studies had metastasis, which sug-
gest that preoperative radiological suspicious ALNs are not
contraindication for SLNB. However, clinicians should be
more careful in evaluating SLN and consider a potential of
FN during a SLNB in such cases.

Although there are few studies that report LVI as a risk
factor for a FN in a SLNB, we found that patients with LVI
had FN more frequently. Lymphatic channels that became
progressively infiltrated by tumor cells may not allow the
passage of radioactive dye [25]. This might explain the posi-
tive correlation of LVI with FN in SLNB. Several studies have
already shown that LVI is associated with increased risk of
axillary involvement [26,27]. Consequently, a tumor with
LVI may have a greater chance of a FN in a SLNB by lym-
phatic obliterans. 

Other risk factors such as tumor location [12,13] and the
number of dissected SLNs [12,15,17] were also shown to be
significant risk factors for a FN in other studies. Our findings
are concordant with previous studies that FN results are
more likely to be observed when a tumor is located in the
upper outer quadrant of the breast and when only a single
SLN is harvested. The correlation between the number of 
removed SLN and FNR has been reported in previous stud-
ies. However, the best cut-off value of number of harvested
SLN of reducing the FNR is inconsistent. Some studies sug-
gested up to four removed SLNs increased diagnostic accu-
racy [28]. Our result shows less than three harvested SLNs
increase the FN with 2.3 of odds ratios. 

The Early Breast Cancer Trialists’ Collaborative Group
showed that CTx is important for decreasing recurrence and
increasing survival in early breast cancer patients [29]. In
clinical practice, ALN metastases have been recognized as an
essential indication for adjuvant CTx. In terms of optimizing
adjuvant treatments, the risk of FN can be more importantly
considered in individual patients. FN in SLNB may deprive
the patients who actually have positive axillary lymph nodes
of the opportunity for CTx, and adversely influence survival
outcomes. In the present study, we have analyzed the clinical
significance of FN group compared to TN group. False-neg-
ative result of SLNB is most powerful independent prognos-
tic factor (HR, 2.51; 95% confidence interval, 1.42 to 4.42)
affecting DFS in this group, but this effect was not showed
in FN and TP group. Patients in the FN group presented a
similar loco-regional recurrence rate compared to patients in
the TN group (1.1% vs. 1.5%), but the FN group had a greater
systemic recurrence rate than the TN group (8.9% vs. 2.9%,
p < 0.001, data not shown). Patients with FN in the SLNB had
a worse DFS than those with TN in the SLNB, despite 96.6%
of patients with a FN in the SLNB receiving adjuvant CTx.
Moreover, some patients had extended axillary disease, and

13.4% of women were revealed to have four or more positive
ALNs. The National Comprehensive Cancer Network clini-
cal practice guidelines advocate that irradiation to the infra-
clavicular region and supraclavicular area should be recom-
mended for patients with four or more positive ALNs [9].
With an understanding that these patients might result in 
undertreatment, we can expect that they would probably dis-
play a poorer prognosis. Thus, we suggest that making an
effort to discover metastatic non-SLNs is necessary in 
patients with a high risk for a FN in a SLNB. It may reduce
the chance of masking the FN cases and allow more appro-
priate adjuvant treatment including CTx and regional radio-
therapy for these patients. Refined adjuvant treatments by
identifying FNs may contribute to ameliorate oncologic out-
come. Preoperative multi-imaging studies can provide infor-
mation on risk factors for a FN, although further study is
needed to evaluate the appropriate combination of imaging
modalities. We also compared the survival of FN and TP 
patients to see whether there exists a difference according to
SLN positivity which resulted in no difference between two
groups as expected since these patients all received ALND.

The present study has several limitations. Our data were
based on a retrospective cohort from two different institutes.
Protocol of pathologic evaluation for SLNs was not identi-
cally established in an aspect of serial section or additional
immunohistochemical stain which can influence FN of
SLNB. However, the pathologic evaluation protocol has been
standardized in the later period of this study and we ana-
lyzed a relatively large number of patients compared to pre-
vious studies. Another limitation is that we did not confirm
all of radiologically suspicious ALNs with core needle biopsy
or fine needle aspiration cytology.

In summary, SLNB has been accepted standard axillary
staging surgery for patients with clinically node-negative
breast cancer. We found risk factors for a FN of a SLNB and
showed a worse outcome of patients with FN compared with
those with TN. In patients with LVI, tumor located at the
upper outer quadrant of the breast, positive ALN in preop-
erative imaging assessment, and with less than three har-
vested SLNs, additional effort to find suspicious non-SLNs
during SLNB may contribute to optimizing adjuvant treat-
ments.
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Are We Predicting Disease Progress of the Rectal Cancer Patients
without Surgery after Neoadjuvant Chemoradiotherapy?
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Purpose
There are patients who do not undergo surgery, regardless of tumor response for neoadju-
vant chemoradiotherapy (nCRT) in rectal cancer. However, there have been few reports 
focused on how oncologic outcomes are worse in these patients. We sought to investigate
oncologic outcomes for these non-operated patients with rectal cancer after nCRT. 

Materials and Methods
A total of 1,063 records of patients with rectal cancer who were treated with nCRT from Jan-
uary 2002 to December 2013 were retrospectively reviewed. We categorized patients into
the non-operated group (n=77), transanal local excision (TLE) group (n=54), or total mesorec-
tal excision (TME) group (n=932) and compared each group using propensity score match-
ing.

Results
In the non-operated group, the most common reason for no surgery was patient refusal
(n=64). Eleven patients were considered to have achieve clinical complete response (cCR),
which was an independent prognostic factor of progression-free survival (p=0.045). In 
patients with disease progression in the non-operated group, the overall survival did not 
improved according to salvage treatments (p=0.451). The non-operated group showed
worse survivals compared to the TLE or TME group before and after matching (p < 0.001).
This finding was also noted in the analysis of survival only in patients with cCR.

Conclusion
In this study, non-operated patients did not secure oncologic safety regardless of cCR after
nCRT. Our results suggest that a non-operative management must be carefully considered
even if cCR is achieved.
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Rectal neoplasms, Neoadjuvant therapy, 
Chemoradiotherapy, Surgery
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Introduction

Rectal cancer is a common malignancy and almost 40,000
new cases develop annually in the United States [1,2]. Up to
70% of rectal cancer patients without metastasis present with
locally advanced rectal cancer, defined as clinical stage 
T3-T4 and/or N1-N2 [3-5]. Rectal cancer treatment has
changed in recent decades, resulting in improved outcomes
[6]. Currently, neoadjuvant chemoradiotherapy (nCRT) fol-
lowed by total mesorectal excision (TME) is the standard
treatment for locally advanced rectal cancer [4,7]. nCRT can
improve resectability, achieve better sphincter preservation,
and reduce local recurrence [8]. Many studies have reported
that nCRT with TME can improve survival outcome of rectal
cancer patients [9-11].    

Although TME is still the standard treatment for advanced
rectal cancer, recent trends in minimally invasive treatments
have led to an increase in local excision or “watch and wait”
in patients with an excellent response to nCRT [5,6,12]. How-
ever, surgeons and oncologists occasionally meet patients
who do not undergo surgery, regardless of tumor response
for nCRT, for a number of reasons including advanced age,
high comorbidities, patient refusal, or follow-up loss. These
patients show poor oncologic outcomes compared to patients
who receive optimal treatments, even if they achieve clinical
complete response (cCR). Although a poor survival outcome
is generally predicted for these patients, there have not been
any reports on how oncologic outcomes are worse in this
specific group. Thus, it is necessary to provide objective 
evidence of oncologic outcomes and inform expected disease
progress. This analysis is also helpful for recommending the
optimal treatment for these patients. In this study, we inves-
tigated the clinical features and oncologic outcomes of 
patients with rectal cancer who did not undergo surgery
after nCRT for any reason.

Materials and Methods

1. Patients 

A total of 1,063 records of patients with rectal cancer who
were treated with nCRT from January 2002 to December 2013
at a tertiary university-based hospital were retrospectively
reviewed. All patients had histologically-confirmed primary
adenocarcinoma of the rectum located less than 10 cm from
the anal verge. Patients were excluded if they did not com-
plete nCRT or had recurrent disease, distant metastasis, syn-
chronous malignancies, hereditary colorectal cancer, or pre-

vious treatment for cancer. This study was approved by the
Samsung Medical Center Institutional Review Board. 

Patients were categorized into the non-operated group
(n=77), transanal local excision (TLE) group (n=54), and TME
group (n=932) according to treatment after nCRT (Fig. 1).
Among 77 non-operated patients, 11 were considered cCR
and 66 did not achieve cCR. The most common reason for
not undergoing surgery was patient refusal (n=64). High 
comorbidities (n=7) and new metastasis (n=5) were the next
most common reasons. The remaining patient expired 8 days
after completion of nCRT due to radiotherapy-induced tox-
icity. The patients in the TLE group did not undergo radical
surgery due to patient refusal, pathologic CR (pCR), or 
comorbidities.

2. Pretreatment evaluation and treatments 

Clinical TNM stage prior to nCRT was assessed radiolog-
ically using colonoscopy, endorectal ultrasonography (EUS),
abdominopelvic computed tomography (APCT), pelvic mag-
netic resonance imaging (MRI), or positron emission tomog-
raphy (PET). To achieve standardization of clinical staging,
a single radiologist re-read the radiologic findings of the pri-
mary rectal lesion. All patients underwent preoperative 
radiotherapy consisting of 1.8-2.0 Gy daily fractions for a
total dose of 44-54 Gy for 5 days per week. In our institution,
a dose of 45 Gy was irradiated to patients until 2005. A total
dose of 44 and 54 Gy were administered to patients in 2006-
2008 and 2009-2010, respectively. After that date, a dose of
50.4 Gy was administered. Occasionally, one or two fractions
may not be administered depending on the condition of 
patients. The mean dose of radiotherapy and standard devi-
ation was 49.12±4.05 Gy. Chemotherapy was administered
concurrently with radiotherapy using either 5-fluorouracil
(5-FU) or a capecitabine-based regimen. Among 1,063 
patients, 899 received intravenous 5-FU (425 mg/m2/day)
and leucovorin (20 mg/m2/day) for 5 days during the first
and fifth weeks of radiotherapy. The others received oral
capecitabine (825 mg/m2/day) twice daily during radiother-
apy. 

cCR was assessed 6-8 weeks after the completion of nCRT
with clinical and radiologic tools similar to those used in the
baseline assessment of the tumor extent. In brief, cCR was
defined according to the following criteria: absence of resid-
ual mass, ulceration, or significant irregularity of the rectal
wall on digital rectal exam, colonoscopy, EUS, or APCT; 
absence of high signal intensity on diffusion-weighted imag-
ing and low signal intensity of the apparent diffusion coeffi-
cient map in MRI; absence of significant focal discrete uptake
on the rectal wall in PET; or no increase of post-treatment
serum carcinoembryonic antigen (CEA) levels. Then, patients
were recommended for radical surgery 6-10 weeks after com-
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pletion of nCRT. However, there were patients who received
TLE or did not receive any surgery following nCRT for the
previously stated reasons.

3. Follow-up

In patients who received surgery, postoperative surveil-
lance visits happened every 3 months for the first 2 years and
then every 6 months for up to 5 years. Most patients under-
went physical examination and chest X-ray, and were eval-
uated for CEA level at each visit. APCT and chest computed
tomography were performed every 6 months. Colonoscopy
was performed at the first year and then biennially. Patients
who did not receive surgery did not undergo routine surveil-
lance. However, most of them visited every 3-6 months and
underwent physical examination and chest X-ray, and eval-
uation of serum CEA level. Among them, some patients 
underwent APCT every 6-12 months.

4. Assessment of clinical outcomes

Clinicopathologic features and survival outcomes were
compared between groups. To analyze survival according to
each group, we adjusted patient characteristics using propen-
sity score matching to minimize confounding bias among the
three groups. The patients were matched with a 1:1:1 ratio
and 45 patients were included in each group (Fig. 1). We
compared 2-year local progression-free survival (LPFS) and
progression-free survival (PFS) because the median follow-
up duration for progression was 19.4 months in the non-
operated group, 56.1 months in the TLE group and 52.3
months in the TME group. However, we analyzed 5-year
overall survival (OS) because the median follow-up duration
for death was 40.8 months in the non-operated group (TLE
group, 60.1 months and TME group, 58.5 months). The pri-
mary endpoint of this study was survival outcome of the
non-operated group, and the secondary endpoints were clin-
ical features and prognostic factors in this group.

Fig. 1. Flow chart for patient selection. nCRT, neoadjuvant chemoradiotherapy; cCR, clinical complete response; TLE,
transanal local excision; TME, total mesorectal excision; pCR, pathologic complete response.

Eligible patients with rectal cancer (n=1,090)

1:1:1 propensity score matching

Patients completed nCRT (n=1,063)

Assessment of tumor response at 6-8 wk from nCRT
  cCR (+) (n=62)
  cCR (–) (n=1,001)

No surgery group (n=77)
  cCR (+) (n=11)
  cCR (–) (n=66)

Reason for no surgery
  Patient refusal (n=64)
  High comorbidities (n=7)
  New developed metastasis (n=5)
  Death after nCRT (n=1)

Reason for TLE
  Patient refusal (n=36)
  pCR (n=13)
  High comorbidities (n=5)

TLE group (n=54)
  cCR (+) (n=14)
  cCR (–) (n=40)

TME group (n=932)
  cCR (+) (n=37)
  cCR (–) (n=895)

No surgery group (n=45) TLE group (n=45) TME group (n=45)
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Table 1. Patient characteristics before propensity score matching

Characteristic Non-operated TLE group TME group  p-valuegroup (n=77) (n=54) (n=932)
Age (yr)

< 65 46 (59.7) 34 (63.0) 696 (74.7) 0.001
 65 31 (40.3) 20 (37.0) 236 (25.3)

Sex
Male 50 (64.9) 33 (61.1) 628 (67.4) 0.468
Female 27 (35.1) 21 (38.9) 304 (32.6)

ASA score
1 40 (51.9) 20 (37.0) 423 (45.4) 0.837
2 32 (41.6) 32 (59.3) 485 (52.0)
3 4 (5.2) 2 (3.7) 23 (2.5)
4 1 (1.3) 0 ( 1 (0.1)

BMI (kg/m2)
< 23 41 (53.2) 19 (35.2) 363 (38.9) 0.038
 23 36 (46.8) 35 (64.8) 569 (61.1)

Pretreatment CEA (ng/mL)
< 5 52 (67.5) 51 (94.4) 880 (94.4) < 0.001
 5 25 (32.5) 3 (5.6) 52 (5.6)

Cell type
WD/MD 71 (92.2) 50 (92.6) 852 (91.4) 0.747
PD/MUC/SRC 6 (7.8) 4 (7.4) 80 (8.6)

Pretreatment clinical T stage
T1-2 14 (18.2) 28 (51.9) 89 (9.5) < 0.001
T3 53 (68.8) 26 (48.1) 717 (76.9)
T4 10 (13.0) 0 ( 126 (13.5)

Pretreatment clinical N stage
Negative 16 (20.8) 37 (68.5) 212 (22.7) 0.027
Positive 61 (79.2) 17 (31.5) 720 (77.3)

Clinical CR
No 66 (85.7) 40 (74.1) 895 (96.0) < 0.001
Yes 11 (14.3) 14 (25.9) 37 (4.0)

Pathologic stage
Pathologic CR - 24 (44.4) 164 (17.6) < 0.001
0 - 7 (13.0) 17 (1.8)
I - 21 (38.9) 246 (26.4)
II - 2 (3.7) 234 (29.1)
III - 0 ( 271 (29.1)

Lymphatic invasion
No - 28 (51.8) 611 (65.6) < 0.001
Yes - 1 (1.9) 108 (11.6)
Unknown - 25 (46.3) 213 (22.8)

Vascular invasion
No - 16 (29.6) 565 (60.6) < 0.001
Yes - 0 ( 67 (7.2)
Unknown - 38 (70.4) 300 (32.2)

(Continued to the next page)
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5. Statistical analysis 

Statistical analysis was performed using SPSS for Win-
dows ver. 20.0 (IBM SPSS Statistics, IBM Corp., Armonk,
NY). Categorical variables were compared using the chi-
square test and Fisher exact probability. Propensity score
matching was performed to adjust for patient characteristics,
and then survival rates were analyzed using the Kaplan-
Meier method and log-rank test. Multivariate analyses for
prognostic factors were performed in a Cox proportional
hazards model with stepwise inclusion of variables. p-values
were derived from two-tailed tests and p < 0.05 was consid-
ered statistically significant.

Results

1. Clinical features of the non-operated group

Among a total of 1,063 patients, 77 were in the non-oper-
ated group and the most common reason they did not 
undergo surgery was patient refusal (n=64). In the non-
operated group, the median age was 61.0 years (range, 33 to
82 years) and 50 patients were male. Of these 77 patients, 11
were considered cCR and 66 did not achieve cCR (Table 1).

In survival analysis, 2-year LPFS and PFS were 49.0% and
43.0%, respectively. The median follow-up duration for pro-
gression was 19.4 months. The 5-year OS was 58.3% and the

Table 1. Continued

Characteristic Non-operated TLE group TME group  p-valuegroup (n=77) (n=54) (n=932)
Perineural invasion

No - 16 (29.6) 573 (61.5) < 0.001
Yes - 0 ( 93 (10.0)
Unknown - 38 (70.4) 266 (28.5)

Values are presented as number (%). TLE, transanal excision; TME, total mesorectal excision; ASA, American Society of Anes-
thesiologists; BMI, body mass index; CEA, carcinoembryonic antigen; WD, well differentiated; MD, moderately differentiated;
PD, poorly differentiated; MUC, mucinous carcinoma; SRC, signet ring cell carcinoma; CR, complete response.

Fig. 2. Clinical course of patients who did not receive surgery after neoadjuvant chemoradiotherapy. Tx, treatment.

Progression (n=32)

Local (n=20)

Surgery (n=11)

Chemo (n=2)

No Tx (n=7)

Chemo (n=3)

No Tx (n=3)

Chemo (n=4)

No Tx (n=2)

Systemic (n=6)

Both (n=6)

Death (n=6)

Alive with progression (n=8)

Alive without progression (n=6)

Death (n=5)

Alive with progression (n=1)

Death (n=4)

Alive with progression (n=2)
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Fig. 3.  Kaplan-Meir plots of non-operated group. (A) Overall survival (OS) according to salvage treatment (Tx) in progressed
patients (n=32). (B) OS according to salvage surgery in locally progressed patients (n=26). (C) Local progression-free survival
(LPFS), progression-free survival (PFS), and OS according to clinical complete response (cCR).
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PFS OS
p-value OR (95% CI) p-value OR (95% CI)

Cell type
PD/MUC/SRC vs. WD/MD 0.002 8.779 (2.154-35.788) 0.021 3.229 (1.189-8.766)

Pretreatment clinical N stage
Node (+) vs. node () 0.100 2.795 (0.820-9.523)

Clinical complete response
Yes vs. no 0.045 0.337 (0.116-0.977) - -

Table 2. Multivariate analysis of prognostic factor for overall patients of non-operated group

PFS, progression-free survival; OS, overall survival; OR, odds ratio; CI, confidence interval; PD, poorly differentiated; MUC,
mucinous carcinoma; SRC, signet ring cell carcinoma; WD, well differentiated; MD, moderately differentiated.

Table 3. Patient characteristics after propensity score matching

Characteristic Non-operated TLE group TME group  p-valuegroup (n=45) (n=45) (n=45)
Age (yr)

< 65 26 (57.8) 30 (66.7) 32 (71.1) 0.186
 65 19 (42.2) 15 (33.3) 13 (28.9)

Sex
Male 28 (62.2) 29 (64.4) 25 (55.6) 0.521
Female 17 (37.8) 16 (35.6) 20 (44.4)

ASA
1 22 (48.9) 17 (37.8) 21 (46.7) 0.583
2 19 (42.2) 26 (57.8) 24 (53.3)
3 4 (8.9) 2 (4.4) 0 (

BMI (kg/m2)
< 23 24 (53.3) 15 (33.3) 18 (40.0) 0.202
 23 21 (46.7) 30 (66.7) 27 (60.0)

Pretreatment CEA (ng/mL)
< 5 34 (75.6) 36 (80.0) 32 (71.1) 0.625
 5 11 (24.4) 9 (20.0) 13 (28.9)

Cell type
WD/MD 43 (95.6) 41 (91.1) 42 (93.3) 0.674
PD/MUC/SRC 2 (4.4) 4 (8.9) 3 (6.7)

Pretreatment clinical T stage
T1-2 13 (28.9) 21 (46.7) 14 (31.1) 0.826
T3 32 (71.1) 24 (53.3) 31 (68.9)

Pretreatment clinical N stage
Negative 13 (28.9) 29 (64.4) 19 (42.2) 0.205
Positive 32 (71.1) 16 (35.6) 26 (57.8)

Clinical complete response
No 38 (84.4) 34 (75.6) 41 (91.1) 0.134
Yes 7 (15.6) 11 (24.4) 4 (8.9)

Values are presented as number (%). TLE, transanal excision; TME, total mesorectal excision; ASA, American Society of Anes-
thesiologists; BMI, body mass index; CEA, carcinoembryonic antigen; WD, well differentiated; MD, moderately differentiated;
PD, poorly differentiated; MUC, mucinous carcinoma; SRC, signet ring cell carcinoma.
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Fig. 4.  Kaplan-Meir plots of local progression-free survival (LPFS), progression-free survival (PFS), and overall survival
(OS) according to surgery group. (A) Before matching (n=1,063). (B) After matching (n=135). (Continued to the next page)
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median follow-up duration for death was 40.8 months. Dur-
ing the follow-up period, 32 patients experienced local or
systemic progression and 25 expired. In 32 patients with dis-
ease progression, 20 received salvage treatments such as sur-
gery or chemotherapy (Fig. 2). To investigate clinical features
of progressed patients of the non-operated surgery group,
further analyses of survival were performed. In overall pro-
gressed patients (n=32), OS was not different according to
salvage treatments for their progression (p=0.451) (Fig. 3A).
In locally progressed patients (n=26), similarly, there was no
significant difference in OS depending on whether they had
received salvage surgery for progressed lesions (p=0.226)
(Fig. 3B). Among 11 patients who underwent salvage sur-
gery, in addition, eight underwent abdominoperineal resec-
tion, two underwent palliative T-colostomy, and one
underwent palliative TLE. In the survival analysis according
to cCR, 11 patients with cCR showed better survival out-
comes than those without cCR (n=66) (p=0.081, p=0.026, and
p=0.016 in LPFS, PFS, and OS, respectively) (Fig. 3C). 

For non-operated patients, the Cox proportional hazard
model was performed to identify prognostic factors for sur-
vival. Factors that were significant or nearly significant 
(p < 0.100) in the univariate analysis were included in the
multivariate analysis. In the multivariate analysis, non-cCR
was an independent poor prognostic factor of PFS (p=0.045).
In addition, poor histology was a poor prognostic factor of
PFS and OS (p=0.002 and p=0.021, respectively) (Table 2).

2. Patient characteristics according to surgery

To evaluate clinical features of the non-operated group,
clinical characteristics were compared to the TLE and TME
group. Among a total of 1,063 patients, 77 were non-operated
patients, and 54 and 932 were in the TLE and TME group, 
respectively. Older patients were more common in the non-
operated group compared to the TLE and TME groups. Pre-
treatment clinical T and N stage were more advanced in the
non-operated group and TME group compared to the TLE
group. In addition, the cCR rate was the highest in TLE
group (Table 1). Therefore, we adjusted the patients with
1:1:1 ratio using propensity score matching for variables 
described in Table 3 and 45 patients were included in each
group. After matching, we determined that the patients in
each group were balanced for all variables (Table 3).

3. Survival outcomes according to surgery

To investigate the survival outcomes of the non-operated
group, we analyzed the 2-year LPFS, PFS, and 5-year OS for
the non-operated, TLE and TME groups. Before matching, as
expected, the non-operated patients showed significantly 
decreased LPFS, PFS, and OS rates compared to the patients

Fig. 4. (Continued from the previous page) (C) Survival out-
comes of patients with clinical complete response (n=62).
TME, total mesorectal excision; TLE, transanal local excision.
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of other groups (p < 0.001, all) (Fig. 4A). After matching, we
still determined that the survival rates of the non-operated
group were the lowest (p < 0.001, all) (Fig. 4B). Subsequently,
we investigated survival outcomes of patients with cCR 
between three groups (n=11, 14, and 37 in non-operated
group, TLE group, and TME group, respectively), and 
observed that the patients of the non-operated group showed
worse LPFS and PFS than those of the other two groups 
(p < 0.001 and p=0.059, respectively). However, no patient
with cCR in the non-operated group expired (Fig. 4C).

For matched patients, Cox proportional hazard model was
performed to identify prognostic factors for survival. Factors
that were significant or nearly significant (p < 0.100) in uni-
variate analysis were included in the multivariate analysis.
Results of multivariate analysis revealed that no surgery was
the only independent poor prognostic factor of PFS and OS
in rectal cancer patients who received nCRT (p < 0.001 and
p=0.001, respectively) (Table 4).

Discussion

In this study, we investigated disease progress of rectal
cancer patients who did not receive surgery regardless of
tumor response for nCRT. For both overall and matched 
patients, the non-operated patient group showed worse sur-
vival outcomes compared to the patients who underwent
TME or TLE after nCRT. This finding was also noted in the
analysis of survival only in patients with cCR. 

Recently, there has been growing evidence of the oncologic
feasibility of non-operative management for the patients
with cCR after nCRT in rectal cancer. Studies from the Habr-
Gama group reported good local control rates and long-term

survival in patients with cCR after nCRT [13-15]. Another
multicenter study reported that there was no significant dif-
ference in survival between the non-operated group with
cCR and the operated group after nCRT [16]. In addition,
other study groups reported similar results [5,17]. In contrast,
several studies have suggested lack of oncologic safety with
non-operative management in the patients with cCR [18-20].
However, these studies have focused only the patients with
cCR and did not provide objective data for cases without
cCR. In the current study, we evaluated the oncologic out-
comes of non-operated patients with cCR and without cCR.
We observed that non-operated patients showed worse sur-
vival outcomes than those underwent surgery regardless
their tumor response. In the cases with cCR, local progres-
sion was the highest in the non-operated group compared to
the TME and TLE group. These results suggest that a non-
operative management must be carefully considered even if
cCR is achieved. The patients with cCR expect good survival,
but they may still harbor residual disease. Concordance 
between cCR and pCR is a major concern in these cases.
There is not yet a consensus on the “watch and wait” policy
in the field of rectal cancer and our data did not support this
policy. Clinical trials to suggest an appropriate approach for
these patients are warranted.

Currently, local excision or non-operative management is
considered to be an optional therapeutic strategy for patients
showing excellent response after nCRT [12,13,21-23]. The
controversy surrounding these patients persists, however,
and there have not been any reports on how oncologic out-
comes are worse in the patients who did not undergo surgi-
cal resection despite non-cCR after nCRT. Clinicians have
met these non-operated patients who refused surgery due to
improved symptoms after nCRT, high comorbidities, old
age, fear of permanent stoma, etc. In our group, 64 of the 77
patients who did not undergo surgery refused surgery after

PFS OS
p-value OR (95% CI) p-value OR (95% CI)

Group < 0.001 0.001
TLE vs. no surgery < 0.001 0.118 (0.048-0.293) 0.026 0.268 (0.084-0.854)
TME vs. no surgery < 0.001 0.061 (0.023-0.162) 0.001 0.032 (0.004-0.254)

BMI (kg/m2) 
 23 vs. < 23 0.331 0.704 (0.347-1.428)

Pretreatment clinical N stage
Node (+) vs. node () 0.144 1.742 (0.827-3.671) 0.063 2.646 (0.945-8.092)

Table 4. Multivariate analysis of prognostic factor after propensity score matching (n=135)

PFS, progression-free survival; OS, overall survival; OR, odds ratio; CI, confidence interval; TLE, transanal excision; TME,
total mesorectal excision; BMI, body mass index.
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nCRT. In these cases, clinicians should recommend standard
treatments. However, there are few objective data showing
a clear clinical course. In our study, the non-operated 
patients showed significantly worse survival outcomes than
patients who underwent surgery and there was no survival
gain from salvage treatments after progression. In addition,
10 of 11 patients who underwent salvage surgery had per-
manent stoma despite being considered appropriate for
sphincter preservation at presentation. The TLE group
showed significantly better survival than the non-operated
group although it was worse than the TME group. Thus, it is
better to recommend local excision rather than no surgery
when patients refuse surgery or are at high risk for radical
surgery. 

There were some limitations to our study. This study was
retrospectively performed at a single institution. Thus, the
follow-up duration for progression of the non-operated
group was shorter than that of the other two groups, so we
could not analyze long-term PFS. However, we analyzed
long-term OS by following whether patients were alive or
expired. Another limitation was the lack of equal distribution
among the groups. Thus, we performed propensity score
matched analysis to minimize confounding bias between
groups. In addition, the decision to do not undergo surgery
was mostly driven by patient refusal, favoring under-inves-
tigation during their disease course. This can lead to low

early detection rates of progression and poor oncologic out-
comes. Despite these limitations, to our knowledge, this is
the first study focusing on patients who did not undergo sur-
gery despite not achieving cCR after completion of nCRT. 
Although a poor survival outcome is generally predicted for
these patients, objective data on this topic is needed. In 
addition, we included a large number of patients who did
not receive any surgery, underwent local excision, or under-
went radical surgery regardless of their tumor response.

In this study, we showed bad disease progress in non-
operated patients regardless of tumor response after nCRT
and no survival gain from salvage treatments after progres-
sion in these patients. Our results suggest that a non-opera-
tive management must be carefully considered even if cCR
is achieved.
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Inter-alpha Inhibitor H4 as a Potential Biomarker Predicting 
the Treatment Outcomes in Patients with Hepatocellular Carcinoma

Original Article

Purpose
Early prediction of treatment outcomes represents an essential step towards increased
treatment efficacy and survival in patients with hepatocellular carcinoma (HCC). In this study,
we performed two-dimensional electrophoresis (2-DE) followed by protein profiling to identify
biomarkers predictive of therapeutic outcomes in patients with HCC who received liver-
directed therapy (LDTx) involving local radiotherapy (RT), and studied the underlying mech-
anisms of the identified proteins.  

Materials and Methods
2-DE analysis was conducted by pooling sera from patients with a good or poor prognosis;
serum proteomic profiles of the two groups were compared and analyzed using matrix-
assisted laser desorption/ionization time-of-flight mass spectrometry. Identified proteins were
confirmed via enzyme-linked immunosorbent assay. An invasion assay was performed after
overexpression and knockdown of target protein in Huh7 cells. 

Results
Levels of inter-alpha inhibitor H4 (ITIH4), fibrinogen gamma chain, keratin 9/1 complex,
carbonic anhydrase I, and carbonmonoxyhemoglobin S were changed by more than 4-fold
in response to LDTx. In particular, pre-LDTx ITIH4 expression was more than 5-fold higher
in patients with a good prognosis, compared to patients with a poor prognosis. The migration
ability of Huh7 cells was significantly suppressed and enhanced by ITIH4 overexpression
and knockdown, respectively. The tumors of patients with HCC and a good prognosis 
expressed high levels of ITIH4, compared to those of patients with a poor prognosis.   

Conclusion
Taken together, ITIH4 may be a potential therapeutic target that could inhibit cancer metas-
tasis, as well as a prognostic marker for patients with HCC who are receiving LDTx.  

Key words
Prognosis, Hepatocellular carcinoma, Liver-directed therapy, 
ITIH4, Biomarkers
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Introduction

Hepatocellular carcinoma (HCC), which has a high rate of
recurrence and unsatisfactory treatment outcomes, is a criti-
cal global health issue [1,2]. To achieve better oncologic out-
comes, a personalized approach involving the prediction of
therapeutic results, followed by application, has been pro-
posed [3,4] and has led to suggestions of the significance of
biomarkers. The concept of biomarkers is not new in the field

of oncology. These markers, which are defined as biological
molecules found in the blood, other body fluids, or tissues
that indicate a normal or abnormal process, have been exten-
sively studied in various cancers [5,6]. However, investiga-
tive studies of biomarkers for HCC are complex because of
the molecular diversity of HCC itself, as well as associated
conditions related to inflammation and cirrhosis that distin-
guish HCC from other solid malignancies. 

Alpha-fetoprotein (AFP) is a well-known prognostic
marker of HCC, and elevated levels of this protein correlate



with an advanced disease stage and aggressiveness in 
approximately 70% of cases [7]. Nevertheless, AFP does not
yield satisfactory predictions of treatment outcomes, partic-
ularly in cases of AFP-negative HCC.

Active searches for biomarkers have been performed 
recently with the aims of developing and applying these con-
cepts to clinical trials of biomarker-based systemic agents [8].
Although this approach is valuable, biomarkers predictive
of clinical outcomes also seem important for patients with
HCC, particularly those with localized disease but a hetero-
geneous prognosis. The development of high-throughput
serum proteomics techniques has made it possible to identify
serum biomarkers of HCC [9].  

In this study, we investigated possible biomarkers that
could predict the clinical outcomes of patients with HCC,
particularly those with locally advanced disease. Analysis of
sera from patients with HCC was performed to two-dimen-
sional electrophoresis (2-DE) followed by the identification
of possible biomarkers via protein profiling; in addition, the
underlying mechanisms of these biomarkers were eluci-
dated.

Materials and Methods

1. Preparation of serum samples from patients with HCC

This prospectively conducted study conformed to the eth-
ical guidelines of the Declaration of Helsinki; it was 
approved by the Institutional Review Board of Yonsei Sev-
erance Hospital (4-2008-0212). Between September 2008 and
December 2009, a total of 51 patients treated with liver-
directed therapy (LDTx) involving local radiotherapy (RT;
median dose, 45 Gy in 5 weeks) concurrently with hepatic
arterial infusion chemotherapy with 5-fluorouracil, as 
described in a previous report [10], were prospectively 
enrolled in this study. Blood samples were collected before
the start and at the end of the RT schedule. We selected 
patients for inclusion in good (n=10) and poor prognosis
groups (n=10). The 10 patients in the good prognosis group
did not exhibit treatment failure during the follow-up period,
whereas those in the poor prognosis group exhibited early
treatment failure after the completion of RT. Treatment fail-
ures were defined as follows: local failure, recurrence at the
tumor site; regional failure, recurrence in the liver that was
not treated with RT; and distant metastasis, recurrence out-
side the liver.

2. Depletion of majorly abundant proteins using an immu-
noaffinity column

The six most abundant proteins (albumin, transferrin, IgG,
IgA, haptoglobin, and antitrypsin) in serum or plasma were
depleted using a Multiple Affinity Removal Column (MARC;
Agilent, Wilmington, DE). A 4.6-mm50-mm MARC with a
binding capacity for 20 µL of human plasma was used. Chro-
matographic separation of the abundant proteins by MARC
was performed using a mobile phase reagent kit according
to a standard LC protocol provided by the manufacturer.
Briefly, each crude human serum and plasma sample was 
diluted five times with Buffer A containing protease 
inhibitors (COMPLETE, Roche, Basel, Switzerland) and fil-
tered through a 0.22-µm spin filter via centrifugation at
16,000 g and room temperature for 1-2 minutes. The sample
was injected into the MARC, and flow-through fractions
were collected and stored at 20°C until use. To resolve 
depleted plasma proteins on 2-DE gels, flow-through frac-
tions from MARC were pooled and precipitated with a pre-
cooled solution of 10% trichloroacetic acid for 1 hour at
20°C. After washing with ice-cold acetone, pellets were res-
olublized in 2-DE sample buffers.

3. 2-DE and image analysis

2-DE was performed as described previously. First,
aliquots in sample buffer (7 M urea, 2 M thiourea, 4.5%
CHAPS, 100 mM DTE, 40 mM Tris, pH 8.8) were applied to
immobilized pH 3-10 nonlinear gradient strips (Amersham
Biosciences, Uppsala, Sweden). Isoelectric focusing was per-
formed at 80,000 Vh. The second dimension was analyzed on
9%-16% linear gradient polyacrylamide gels (18 cm20 cm
1.5 mm) at a constant 40 mA per gel for approximately 5
hours. After protein fixation in 40% methanol and 5% phos-
phoric acid for 1 hour, the gels were stained with CBB G-250
for 12 hours. The gels were subsequently destained with
H2O, scanned using a Bio-Rad GS710 densitometer (Rich-
mond, CA), and converted into electronic files that were 
analyzed using the Image Master Platinum 5.0 image analy-
sis program (Amersham Biosciences).  

4. Matrix-assisted laser desorption/ionization time-of-flight 

Protein spots were excised from gels with a sterile scalpel
and placed into Eppendorf tubes. Proteins were digested
with trypsin (Promega, Madison, WI) as previously descri-
bed [11]. For matrix-assisted laser desorption/ionization
time-of-flight (MALDI-TOF) mass spectrometry (MS) analy-
sis, peptides were concentrated using a POROS R2, Oligo R3
column (Applied Biosystems, Foster City, CA). After wash-
ing the column with 70% acetonitrile, 100% acetonitrile, and
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50 mM ammonium bicarbonate, samples were applied to the
R2, R3 column and eluted with cyano-4-hydroxycinamic acid
(Sigma, St. Louis, MO) in 70% acetonitrile and 2% formic acid
onto the MALDI plate (Opti-TOF 384-well Insert, Applied
Biosystems) [12]. MALDI-TOF MS analysis was performed
on a 4800 MALDI-TOF/TOF Analyzer (Applied Biosystems)
equipped with a 355-nm Nd:YAG laser. The pressure in the
TOF analyzer was approximately 0.00010132 Pa. Mass spec-
tra were obtained in reflectron mode with an accelerating
voltage of 20 kV and sum of 500 laser pulses, and calibrated
using the 4700 calibration mixture (Applied Biosystems).
Data Explorer 4.4 (PerSeptive Biosystems, Framingham, MA)
was used for monoisotopic mass data acquisition and extrac-
tion. 

5. Mascot database search

The mascot algorithm (Matrix Science, Inc., Boston, MA)
was used to identify peptide sequences present in a protein
sequence database. The following database search criteria
were used: taxonomy, Homo sapiens (NCBInr database down-
loaded on Nov 1, 2012); fixed modification, carbamidome-
thylated (+57) at cysteine residues, variable modification,
and oxidized (+16) at methionine residues; maximum 
allowed missed cleavage, 1; and MS tolerance, 100 ppm.
Only peptides yielded by trypsin digestion were considered.

6. Serum levels of inter-alpha inhibitor 4 in patients with
HCC

Serum inter-alpha inhibitor 4 (ITIH4) levels were meas-
ured using an enzyme-linked immunosorbent assay (ELISA)
according to the manufacturer's instructions (Cloud-Clone
Corp., Houston, TX). Serum samples were collected < 1 week
before and after the completion of LDTx.

7. Cell culture

The human HCC cell line Huh7 was maintained in Dul-
becco’s minimal essential medium (GIBCO, Carlsbad, CA)
supplemented with 10% (v/v) fetal bovine serum (GIBCO),
100 U/mL penicillin, and 100 µg/mL streptomycin (GIBCO)
at 37°C in a humidified atmosphere of 5% CO2 and 95% air.

8. Expression constructs

For ITIH4 knockdown, pLKO-shITIH4 control and MIS-
SION shRNA clones were purchased from Sigma-Aldrich
(SHCLNG-NM_002218).

For ITIH4 overexpression, a pCNS-D2 human ITIH4 mam-
malian expression vector and control mock vector were pur-
chased from the Korea human gene bank (http://genbank.

kribb.re.kr/).

9. In vitro gene transfection

For lentivirus production and transduction, 60%-90% con-
fluent 293T cells in antibiotic-free medium were transfected
with pLKO-shITIH4 control or gene-specific shRNA clones
along with packaging plasmids. After 24 hours, medium con-
taining transfection reagent was replaced with fresh medium
containing antibiotics. At 48-hour post-transfection, cultured
medium harvest and transduction in Huh7 pLKO-shITIH4
control and MISSION shRNA clones lentiviral virion. Trans-
duced cells were selected in medium containing 10 µg/mL
of puromycin (GIBCO) for 6 days, and individual puro-
mycin-resistant clones were isolated. These clones were
propagated and screened for ITIH4 expression via reverse
transcriptionpolymerase chain reaction (RT-PCR). Stable
knockdown Huh7 clones were maintained in medium con-
taining 5 µg/mL of puromycin.

To generate ITIH4 overexpressing cells, Huh7 cells were
cultured to 70%-80% confluence in 60-mm dishes. Cells were
transfected with the empty or ITIH4 expression plasmid
using Lipofectamine 2000 (Invitrogen, Carlsbad, CA) in 
accordance with the manufacturer’s recommendations.
Briefly, in each dish, plasmid DNA (4 µg) and 12 µL of Lipo-
fectamine were separately diluted in 100 µL Opti-MEM
media, mixed, and incubated at room temperature for 
20 minutes. The cells were refreshed with Opti-MEM media
after removal of the regular supplemented media. The mixed
DNA-Lipofectamine complexes were added to each dish
containing cells. The cells were incubated at 37°C for 8 hours
to facilitate transfection, after which growth media contain-
ing 10% serum was added. After transfection, cells were 
selected in medium containing 20 µg/mL of blasticidin
(GIBCO) for 6 days, and individual blasticidin-resistant
clones were isolated. These clones were propagated and
screened for ITIH4 expression via RT-PCR. Stable Huh7
overexpressing clones were maintained in medium contain-
ing 5 µg/mL of puromycin.

10. RT-PCR

Total RNA was extracted from Huh7 cells using TRIzol
reagent (Life Technologies, Carlsbad, CA). One microgram
of total RNA was reverse transcribed to cDNA using an 
Omniscript RT Kit (Qiagen, Valencia, CA) according to the
manufacturer's instructions. cDNA (1 µL) was subsequently
amplified via polymerase chain reaction (PCR) using a
TaKaRa PCR Thermal Cycler Dice Gradient (Takara Bio Inc.,
Shiga, Japan). The following PCR protocol was used: a 
4-minute denaturation step at 94°C and 29 cycles comprising
30 seconds of denaturation at 94°C, 15 seconds of annealing
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at 57°C, and 30 seconds of elongation at 72°C. The following
primers were used: ITIH4, 5-GGAGCAAACTGTCTCCG-
CAT-3 and 5-AGAAAGTGG AACCTGAGTGGAC-3;
GAPDH, 5-GGCTGCTTTTAACTCTGGTA-3 and 5-ACT-
TGATTT TGGAGGGATCT-3.

11. Cell viability assay

Cell viability was evaluated using the using EZ-Cytox Cell
Viability Assay WST-1 Kit (Daeillab Service, Seoul, Korea) 
according to the manufacturer’s instructions. Briefly, 100 µL
of cell suspension (1104 cells per well) were added to each
well of a 96-well plate and cultured overnight. Next, 10 µL
of EZ-Cytox solution was added to each well, followed by a
2-hour incubation at 37°C. Absorbance was measured by
spectrophotometry (VersaMax ELISA Microplate Reader,
Molecular Devices, Eugene, OR) at 450 nm. Cell viability was
determined as a percentage by comparing the absorbance of
transfected and normal Huh7 cells.

12. In vitro migration assay

The invasiveness of stable shITIH4 knockdown or ITIH4
overexpressing cells was evaluated in 24-well chambers. The
invasion assay was performed using transwell cell culture
chambers (BD Biosciences, Bedford, MA) according to the
manufacturer's instructions. Briefly, a transwell with an 
8-µm-diameter pore membrane was coated with 20 µL of col-
lagen (500 µg/mL) and incubated overnight. Cells (2104) in
200 µL of serum-free medium were seeded into the upper
chamber of each transwell, and the lower chamber was filled
with 1 mL of RPMI-1640 containing 10% fetal bovine serum
to induce chemotaxis. After a 24-hour incubation period at
37°C in a humidified 5% CO2 atmosphere, the cells were
fixed in methanol and stained with hematoxylin and eosin,
and cells that had invaded through the pores to the lower
surfaces of the filters were counted under a microscope. Val-
ues were calculated by averaging the total numbers of cells
from three different, randomly selected fields. 

13. ITIH4 expression in tumors of patients with HCC who
received LDTx

Tumor tissues were obtained from patients with HCC who
underwent surgical resection at Severance Hospital. To 
investigate ITIH4 expression, specimens of liver tumors and
normal liver tissues were biopsied from liver cancer patients.
To generate frozen sections, tumor samples fixed in 4% for-
malin were snap-frozen over liquid nitrogen in Tissue-Tek
OCT compound (Sakura Finetek, Tokyo, Japan) and cryosec-
tioned (15 µm). Microwave antigen retrieval was performed
in citrate buffer (pH 6.0). Specimens were blocked in 3% 

hydrogen peroxide for 15 minutes to inactivate peroxidases,
followed by washing in phosphate-buffered saline and
blocking for 1 hour with 3% goat serum at room temperature.
Samples were incubated with a polyclonal mouse antibody
against ITIH4 (1:100, CL1858, Novus Biologicals, Littleton,
CO) and a biotinylated secondary antibody (Dako, Carpin-
teria, CA). For visualization, samples were incubated with
peroxidase-labeled streptavidin (Dako) and 3,3-diaminoben-
zidine (Dako, Glostrup, Denmark). Slides were subsequently
counterstained with hematoxylin.

14. Statistical analysis

The statistical significances of differences in the mean
ITIH4 according to patient and tumor characteristics were
determined using chi-square test and Mann-Whitney U test.
Survival rates were evaluated using the Kaplan-Meier
method, and correlations of between failure-free survival
and clinical factors as continuous variables were analyzed
using a Cox hazard proportional model. A Cox step-
wise regression model was used for a multivariate analysis.

Results

1. Study population and characteristics

Among the 51 treated patients, 10 representative patients
each with a good prognosis or poor prognosis were selected
according to clinical outcomes after LDTx (Fig. 1). The char-
acteristics of the two study groups are presented in Table 1.
The median ages of the good and poor prognosis groups

Fig. 1. Flow chart of patient selection. HCC, hepatocellular
carcinoma; LDTx, liver-directed therapy.

Patients with HCC treated with LDTx (n=51)

Patients selection

Good prognosis group
Patients with 

no treatment failure
during follow-up (n=10)

Poor prognosis group
Patients with 

early treatment failure
after LDTx (n=10)
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Table 1. Characteristics of patients
Characteristic Good prognosis (n=10) Poor prognosis (n=10) p-value
Age, median (range, yr) 63 (40-75) 51 (39-72) 0.492
Sex

Male 9 ( 8 ( > 0.99
Female 1 ( 2 (

Viral type
B 5 ( 10 ( 0.033
C 2 ( 0 (
NBNC 3 ( 0 (

Child-Pugh class
A 10 ( 9 ( > 0.99
B 0 ( 1 (

Previous treatment
No 7 ( 6 ( > 0.99
Yes 3 ( 4 (

Stage
II 3 ( 4 ( > 0.99
III 4 ( 4 (
IVA 3 ( 2 (

AFP, median (range, ng/mL) 2,639 (1.85 to > 10,043) 13,902 (5.08 to > 10,043) 0.314
PIVKA-II, median (range, mAU/mL) 336 (19 to > 2,000) 1,121 (37 to > 2,000) 0.661

NBNC, non-B non-C; AFP, -fetoprotein; PIVKA-II, protein induced by vitamin K absence-II.

Table 2. Treatment failure patterns of patients  
Patients (n=10) Local failure PFS Intrahepatic failure PFS Extra-hepatic failure PFS
Good prognosis

P1 No 26.4 No 26.4 No 26.4
P2 No 60.4 No 60.4 No 60.4
P3 No 60.9 No 60.9 No 60.9
P4 No 3.5 No 3.5 No 3.5
P5 No 12 No 12 No 12
P6 No 4.4 No 4.4 No 4.4
P7 No 7.3 No 7.3 No 7.3
P8 No 6.5 No 6.5 No 6.5
P9 No 5.8 No 5.8 No 5.8
P10 No 51 No 51 No 51

Poor prognosis
P1 No 2.7 Yes 1.1 Yes 0.1
P2 Yes 7.7 Yes 3.4 Yes 0
P3 No 8.6 No 8.6 Yes 0
P4 No 9 Yes 1 Yes 1
P5 No 24.5 Yes 0 Yes 15.4
P6 Yes 0.9 Yes 0.9 Yes 0.9
P7 Yes 6.1 Yes 0 Yes 4.9
P8 No 5.7 Yes 3.2 Yes 0
P9 No 7.4 Yes 3.1 Yes 0
P10 No 17.8 Yes 0 Yes 8.5

Local failure, failure in the tumor site; PFS, progression-free survival; P, patient.

650 CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2018;50(3):646-657



were 63 years (range, 40 to 75 years) and 51 years (range, 39
to 72 years), respectively. Most patients had International
Union Against Cancer stage II, III, and IVA HCC at the time
of diagnosis. Seven patients in the good prognosis group
(70%) and six patients in the poor prognosis group (60%)
were treatment-naïve before LDTx. Treatment-non-naïve 
patients underwent transarterial chemoembolization or
transarterial chemoinfusion before LDTx. The median serum
AFP levels of patients in the good and poor prognosis groups
were 2,639 ng/mL (range, 1.85 to 83,000 ng/mL) and 13,902
ng/mL (range, 5.08 to 83,000 ng/mL), respectively. The pre-
LDTx levels of protein induced by vitamin K antagonist-II in
the same groups were 336 mAU/mL (range, 19 to 2,000
mAU/mL) and 1,121 mAU/mL (range, 37 to 2,000 mAU/
mL), respectively. The corresponding median total pre-
scribed RT doses were 50 Gy (range, 45 to 54 Gy) and 49.3
Gy (range, 45 to 54 Gy), respectively. The treatment failure

patterns of each study group are described in Table 2. No
treatment failures were reported in the good prognosis
group during follow-up. In the poor prognosis group, 
although local failures occurred in three patients, most treat-
ment failures were regional failures (9/10) or distant metas-
tasis (10/10), and poor prognosis group showed worse
overall survival at 1 year and 2 years than good prognosis
group (20% vs. 40%, 10% vs. 40%).

2. 2-DE assessment of differentially expressed proteins in
sera of patients with HCC according to prognosis 

To identify a useful post-LDTx prognostic serum bio-
marker, pre- and post-LDTx serum samples were collected
from each patient and pooled in both study groups. The six
most abundant serum proteins were removed using a MARS
column as described above to facilitate the detection of low-

Fig. 2. Differentially expressed proteins identified in pre- and post-LDTx samples according to treatment outcomes in patients
with hepatocellular carcinoma. Protein spots were identified using two-dimensional electrophoresis. Green and red circles
indicate paired and non-paired spots, respectively. LDTx, liver-directed therapy; SDS-PAGE, sodium dodecyl sulfate poly-
acrylamide gel electrophoresis.
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abundance proteins. Following 2-DE, 481 and 317 spots were
detected in pre- and post-LDTx samples, respectively, from
the good prognosis group, of which 41 exhibited significant
(more than 2-fold) differences in expression between pre-
and post-LDTx levels. In the poor prognosis group, 362 and
357 spots were detected in pre- and post-LDTx samples, 
respectively, and 33 spots were found to be significantly dif-
ferentially expressed (more than 2-fold) between pre- and
post-LDTx samples (Fig. 2). 

3. MALDI-TOF analysis of differentially expressed protein
spots

All 74 differentially expressed proteins identified by com-
paring the pre- and post-LDTx samples of the good and poor
prognosis groups were selected via imaging analysis. Subse-
quently, 30 proteins were identified by MALDI-TOF/TOF
MS from among these differentially expressed protein spots,
and a NCBI Reference Sequence human protein databases
search was conducted (Table 3). As shown in Table 3, 4 of
these proteins—ITIH4, inter-alpha-trypsin inhibitor heavy

Table 3. Serum biomarkers identified via comparison of pre- and post-LDTx in patients with HCC who had a good or poor
prognosis 

Patient group Protein No. Protein name Fold change Category p-value
Good prognosis 258 Inter-alpha (globulin) inhibitor H4 6.1 Cancer < 0.05

(plasma kallikrein-sensitive glycoprotein) 
278 Inter-alpha-trypsin inhibitor heavy chain H4 5.7 Cancer

isoform 2 precursor
400 Gi|119581148 (keratin 9)+gi|186772 (keratin 1) 4.6 Cancer < 0.05
427 Fibrinogen gamma chain, isoform CRA_j 5.4 Cancer

Poor prognosis 2,353 Chain B, X ray structure of the complex between 4.7 Metabolism < 0.05
carbonic anhydrase I and the phosphonate 
antiviral (CA1)

2,412 Unnamed protein product 5.5 Cancer
2,477 Chain D, crystalline human carbonmonoxy 19.9 Metabolism < 0.05

hemoglobin S

LDTx, liver-directed therapy; HCC, hepatocellular carcinoma.

Patient
Good prognosis (ITIH4)

Aa) (ng/mL) Bb) (ng/mL) B-A (ng/mL) Fold change
P1 47.9 253.3 205.4 5.3
P2 84.6 82.5 2.1 1
P3 12.8 244 231.1 19
P4 34 201.1 167.1 5.9
P5 51.9 182.1 130.2 3.5
P6 53.1 214.6 161.5 4
P7 56.4 206.4 150 3.7
P8 13.4 176.1 162.7 13.1
P9 35.2 40.3 5.2 1.1
P10 36.8 217.4 180.6 5.9
Average 42.6 181.8 139.2 6.3

Table 4. ELISA confirmation using serum samples from each patient in the good prognosis group

ELISA, enzyme-linked immunosorbent assay; ITIH4, inter-alpha inhibitor 4; P, patient. a)Pre-radiotherapy, b)Post-radiother-
apy.
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chain H4 isoform 2 precursor, keratin 9/1 complex, and fib-
rinogen gamma chain—were expressed in post-LDTx sam-
ples at levels 4-fold higher or more than those in pre-LDTx
samples from the good prognosis group. In contrast, 3 pro-

teins—carbonic anhydrase I (CA1), unnamed protein, and
human carbonmonoxyhemoglobin S—were downregulated
by more than 4-fold in post-LDTx samples from the poor
prognosis group, compared to pre-LDTx samples. In partic-

Fig. 3. Inter-alpha inhibitor 4 (ITIH4) inhibited the migration of Huh7 cells. (A) ITIH4 mRNA expression in Huh7 cells.
ITIH4 was downregulated in Huh7 cells infected with ITIH4 shRNA lentiviral vectors. For ITIH4 overexpression, Huh7 cells
were transfected with the ITIH4 pCNS-D2 vector. (B) Cell viability of ITIH4 knockdown or overexpressing Huh7 cells. (C)
Migration ability increased in response to ITIH4 downregulation in Huh7 cells (200). (Continued to the next page)
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Fig. 3. (Continued from the previous page) (D) Migration ability decreased in ITIH4 overexpressing Huh7 cells (200). Data are
representative of the means and standard deviations of three independent experiments. n.s., not significant. **p < 0.01, 
***p < 0.001 compared to control.
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Fig. 4. Immunohistochemical analysis of inter-alpha inhibitor H4 (ITIH4) in surgical specimens of human hepatocellular
carcinoma. (A) ITIH4 expression was significantly higher in cancer tissues than in non-tumor liver tissues (200). (B) Higher
levels of ITIH4 were detected in the tumors of patients with a good prognosis (representative: patient 1), compared with 
tumors of patients with a poor prognosis (representative: patient 2) (200).
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ular, the pre-LDTx level of ITIH4 in the good prognosis
group was more than 5-fold higher than that in the poor
prognosis group (data not shown). These results suggest that
ITIH4 may be an important biomarker that could predict bet-
ter treatment outcomes of patients receiving LDTx for HCC.

4. Up-regulation of serum ITIH4 in post-LDTx level com-
pare to pre-LDTx of patients with good prognosis 

To confirm the 2-DE results and further validate ITIH4 as
a possible prognostic biomarker of HCC, serum samples
from all patients with a good prognosis were subjected to
ELISA. The mean serum ITIH4 concentration was signifi-
cantly higher in post-LDTx samples when compared with
pre-LDTx samples (181.8±20.39 pg/mL vs. 42.6±5.78 pg/mL)
(Table 4). Most patients in the good prognosis group exhib-
ited a post-LDTx increase in ITIH4 levels relative to the pre-
LDTx levels, consistent with the 2-DE analysis results.

It may cause a question on whether ITIH4 could be simply
hepatitis B virus (HBV)associated protein. However, in a
separate experiment on patients with diverse viral back-
ground (B, C, and non-B non-C) all patients showed 
increased postTx ITIH4 comparing to preTx regardless of
viral type, suggesting ITIH4 could be an independent moiety
from B-virus (S1 Fig.). 

5. ITIH4 as a suppressor of migration and metastasis in
HCC

To investigate the role of ITIH4 in HCC, we generated
ITIH4 knockdown Huh7 cells (shITIH4) or ITIH4 overex-
pressing Huh7 cells (ITIH4 O/E) (Fig. 3A) and subjected
these cells to a transwell invasion assay. ITIH4 knockdown
or overexpression did not affect cell viability (Fig. 3B). As
shown in Fig. 3C, the invasiveness of Huh7 cells was 
increased by ITIH4 knockdown. In consistent with this 
result, ITIH4 overexpression reduced the invasiveness of
Huh7 cells relative to controls (Fig. 3D). These results indi-
cate that ITIH4 can suppress the invasion and migration of
HCC.

6. ITIH4 expression in patients’ tumor tissue

Finally, we examined ITIH4 expression in tumor tissues
from patients with HCC. As shown in Fig. 4A, ITIH4 expres-
sion in tumor tissues was significantly higher than that in
normal liver tissues from the same patient. As demonstrated
by the examples in Fig. 4B, higher ITIH4 expression was 
observed in a patient with a good prognosis (patient 1), com-
pared to the patient with a poor prognosis (patient 2). These
results supported other results in this study on the role of
ITIH4 as a prognostic marker for HCC.  

Discussion

In the present study, we performed a 2-DE analysis to
search for potential serum-based biomarkers that could pre-
dict the treatment outcomes of patients with HCC after
LDTx. We identified four proteins—ITIH4, inter-alpha-
trypsin inhibitor heavy chain H4 isoform 2 precursor, keratin
9/1 complex, and fibrinogen gamma chain—for which the
post-LDTx expression levels were more than 4-fold higher
than the pre-LDTx levels in the good prognosis group. In the
poor prognosis group, we identified three proteins—CA1,
unnamed protein, and human carbonmonoxy hemoglobin
S—for which the post-LDTx levels decreased by more than
4-fold relative to the pre-LDTx levels. Moreover, pre-LDTx
levels of ITIH4 were more than 5-fold higher in patients with
a good prognosis, compared to those with a poor prognosis.
We selected three proteins—ITIH4, keratin 9/1, and CA1—
that are related to cancer progression as well as present high
variation among the identified total proteins for validation
as useful biomarkers. Serum levels of the selected-target pro-
teins were evaluated in each patient via ELISA. As results,
ITHI4 exhibited the most consistency as a potential prognos-
tic factor for HCC treatment than other candidate proteins
when all results were combined. The keratin 9/1 ELISA 
results were not consistent with the 2-DE analysis results. In
patients with a poor prognosis, post-LDTx serum CA1 levels
decreased by an average of two fold relative to pre-LDTx lev-
els (data not shown). Furthermore, patients with HCC and a
good prognosis exhibited higher levels of ITIH4 in tumors,
compared the levels in tumors from patients with a poor
prognosis.

ITIH4 is a member of a liver-restricted serine protease 
inhibitor. This protein belongs to the ITIH family, the mem-
bers of which are found at relatively high concentrations in
human plasma [13]. ITIH family members have been 
reported to contribute to extracellular matrix stability and
have been shown to be involved in processes such as tumor
cell migration and metastasis [14]. Hamm et al. [15] reported
that multiple human solid cancers frequently exhibited
ITIH4 downregulation, which might be associated with the
initiation and progression of these malignancies.

Indeed, we found that ITIH4 overexpression could inhibit
the invasiveness of Huh7 cells, whereas knockdown of ITIH4
increased the migration of these cells. These results indicate
that ITIH4 plays an important role in the invasiveness and
migration of HCC. 

Recently, ITIH4 was identified as a valuable diagnostic 
indicator in patients with HBV-associated HCC. The expres-
sion of this protein is significantly lower in patients with
HBV-associated HCC than in those with liver cirrhosis and
hepatitis [16]. ITIH4 is mainly expressed in the liver and is
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secreted into the blood [17]. In this study, ITIH4 was 
expressed at higher levels in tumors than in normal liver tis-
sues, suggesting that serum ITIH4 levels are mainly tumor-
derived. ITIH4 was also expressed at significantly higher
levels in the tumors of patients with HCC who had a good
prognosis, compared to those with a poor prognosis. In 
addition, most patients with a poor prognosis having low
levels of ITIH4 exhibited worse outcomes in terms of either
intrahepatic or extrahepatic failure-free survival in this
study. This finding suggests that ITIH4 identified via serum
protein profiling could serve as a potential prognostic factor
in LDTx-treated patients with HCC.

However, this study has some limitations, including the
small number of patients who were treated with LDTx and
the lack of validation in patients with HCC at different dis-
ease stages. Also, it is unclear whether ITIH4 is the marker
predicting prognosis just in patients who receive radiation
therapy or whether the marker can generally predict the
prognosis in HCC patients. Since ITIH4 was identified as the
marker predicting prognosis through comparative analysis
between pre-RT and post-RT in patients with liver cancer,
ITIH4 seems to be a biomarker to predict prognosis in 
patients receiving RT. Nevertheless, as mentioned above,
ITIH4 was a diagnostic and prognostic indicator in HBV-
associated HCC. Accordingly, ITIH4 might be a biomarker
in HCC patients who don’t receive RT as well as HCC 
patients who receive RT. In our study, preTx level of ITIH4

was higher in the good prognosis group compared to poor
prognosis, suggesting that ITIH4 per se would be a bio-
marker regardless of the treatment. Therefore, additional
large-scale studies are needed to confirm regarding this issue
in various HCC stages. 

In conclusion, we identified ITIH4 as a novel biomarker
that could predict clinical outcomes in patients with locally
advanced HCC who were receiving LDTx. Given its involve-
ment in tumor progression and invasion, as well as metasta-
sis, serum ITIH4 appears to be an important mediator related
to the clinical outcomes of locally advanced HCC.
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Purpose
We investigated B-cell lymphoma 2 (BCL2) regulation across DNA, RNA, protein, and methy-
lation status according to molecular subtype of breast cancer using The Cancer Genome
Atlas (TCGA) database.

Materials and Methods
We analyzed clinical and biological data on 1,096 breast cancers from the TCGA database.
Biological data included reverse phase protein array (RPPA), mRNA sequencing (mRNA-seq),
mRNA microarray, methylation, copy number alteration linear, copy number alteration non-
linear, and mutation data.    

Results
The luminal A and luminal B subtypes showed upregulated expression of RPPA and mRNA-
seq and hypomethylation compared to the human epidermal growth factor receptor 2
(HER2) and triple-negative subtypes (all p < 0.001). No mutations were found in any sub-
jects. High mRNA-seq and high RPPA were strongly associated with positive estrogen 
receptor, positive progesterone receptor (all p < 0.001), and negative HER2 (p < 0.001 and
p=0.002, respectively). Correlation analysis revealed a strong positive correlation between
protein and mRNA levels and a strong negative correlation between methylation and protein
and mRNA levels (all p < 0.001). The high BCL2 group showed superior overall survival com-
pared to the low BCL2 group (p=0.006).    

Conclusion
The regulation of BCL2 was mainly associated with methylation across the molecular sub-
types of breast cancer, and luminal A and luminal B subtypes showed upregulated expres-
sion of BCL2 protein, mRNA, and hypomethylation. Although copy number alteration may
have played a minor role, mutation status was not related to BCL2 regulation. Upregulation
of BCL2 was associated with superior prognosis than downregulation of BCL2. 

Key words
BCL2, Breast neoplasms, Gene expression regulation, 
Molecular subtype, The Cancer Genome Atlas
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Introduction

B-cell lymphoma 2 (BCL2) is the founding member of the
BCL2 family of regulator proteins that regulate cell death
(apoptosis), either by inducing or inhibiting apoptotic cell
death [1,2]. BCL2 is known to be a key anti-apoptotic protein.
BCL2 is located at position 18q21.33 and it encodes the BCL2
protein, which is an integral outer mitochondrial membrane

protein that blocks apoptotic death of some cells such as lym-
phocytes (https://www.ncbi.nlm.nih.gov/gene/596). Alth-
ough BCL2 was initially identified as an oncogene in cases of
human follicular B-cell lymphoma with a t(14;18) chromo-
some translocation [3,4], it has also been reported to be asso-
ciated with a variety of neoplasms including leukemia, breast
cancer, lung cancer, gastric cancer, colorectal cancer, pancre-
atic cancer, prostate cancer, bladder cancer, and melanoma,
among others [5-10].
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In breast cancer, BCL2 has been reported to be a favorable
prognostic factor, especially in the luminal A subtype 
[11-15]. Although BCL2 is well known as an anti-apoptotic
oncogene in lymphoma [16], it may be both oncogenic and
tumor suppressive in specific cell types or under specific con-
ditions. It has been postulated that BCL2 may play a favor-
able prognostic role in breast cancer as its tumor suppressive
effect is more prominent than its oncogenic effect. Although
an increasing number of papers based on clinicopathologic
data have presented accumulating evidence that BCL2 plays
is a favorable prognostic factor in breast cancer [11,12], the
biological mechanisms related to BCL2 as a prognostic factor
in breast cancer remain largely unknown. As most papers
have reported the clinical significance of BCL2 in view of
protein expression as assessed by immunohistochemistry
(IHC), a large amount remains unknown in terms of mRNA,
DNA, and epigenetics. Currently, the molecular subtypes of
breast cancer as defined by the expression of hormone recep-
tor (HR) and human epidermal growth factor receptor 2
(HER2) are widely accepted in clinical practice. Although
several papers have reported the clinical significance of the
BCL2 protein according to the molecular subtypes of breast
cancer [14,15], the mechanisms of BCL2 regulation across
DNA, RNA, protein, and epigenetics remain largely 
unknown. 

The Cancer Genome Atlas (TCGA) Research Network has
profiled and analyzed large numbers of human tumors, 
including breast cancers, to uncover molecular aberrations
at the DNA, RNA, protein, and epigenetic levels [17]. Since
TCGA Research Network published comprehensive molec-
ular portraits of breast cancer including invasive ductal
breast cancer and invasive lobular breast cancer [18,19], 
increasing number of papers have reported results on breast
cancer using TCGA database [20,21]. 

In this study, we investigated molecular aberrations in
BCL2 across DNA, RNA, protein, and methylation status 
according to the molecular subtypes of breast cancer using
TCGA database. We tried to infer the relationship across clin-
ical and biological parameters, which could be involved in
BCL2 regulation, according to the molecular subtypes of
breast cancer. 

Materials and Methods

1. TCGA data acquisition

All TCGA data and information were acquired from
TCGA homepage (https://cancergenome.nih.gov/), geno-
mic data commons data portal (https://gdc-portal.nci.nih.

gov/), Firebrowse (http://firebrowse.org/), and cBioPortal
(http://www.cbioportal.org/). In particular, cBioPortal cur-
rently contains datasets from 150 cancer genomics studies 
including nine breast cancer studies. We downloaded a
dataset on breast invasive carcinoma (TCGA, Provisional; 
access date, Feb 12, 2017) for this study. This dataset includes
clinical data on 1,096 breast cancer patients and biological
data on reverse phase protein array (RPPA), mRNA sequenc-
ing (mRNA-seq), mRNA microarray, methylation, copy
number alteration (CNA) linear, CNA nonlinear, and muta-
tion status. According to TCGA publication guidelines
(http://cancergenome.nih.gov/publications/publicationgui-
delines), the data are unrestricted and not limited in terms
of usage for publication, and no specific permission is needed
for investigators to publish using these data. 

2. Clinicopathologic parameters

We defined patient age as the age at the time of the diag-
nosis of primary breast cancer and the TNM staging was 
described according to the 6th edition of the American Joint
Committee on Cancer. We defined HR status as positive
when the IHC tests for either the estrogen receptor or the
progesterone receptor were positive and as negative when
both tests were negative. We defined HER2 as negative when
the IHC results were negative or 1+ and as positive when the
results were 3+; when the results were 2+, we defined the
positivity of HER2 according to the results of fluorescence in
situ hybridization analysis. We classified the molecular sub-
types into one of four categories: luminal A (HR positive and
HER2 negative), luminal B (HR positive and HER2 positive),
HER2 (HR negative and HER2 positive), and triple negative
(TN) (HR negative and HER2 negative) based on HR and
HER2 expression. 

3. Biologic parameters

RPPA data represent protein expression measured with
the RPPA method and data are provided as log2 values of
raw data. For mRNA expression, two data sets were ana-
lyzed: mRNA-seq data as median values of raw data by Illu-
mina RNA sequencing (San Diego, CA) ver. 2 RSEM, and
mRNA microarray data as median values of raw data by 
Agilent microarray analysis (Palo Alto, CA). Methylation
data are provided as beta values of raw data and the probe
most strongly anti-correlated with expression was measured
for genes with multiple methylation probes. For this study,
only human methylation 450 data were used, as human
methylation 27 data do not contain information on BCL2.
CNA linear data represent copy number variation according
to Affymetrix SNP6 and data are provided as relative linear
values for each gene. CNA nonlinear data represent copy
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number variation by GISTIC 2.0 values of 2, 1, 0, 1, and 2
represent homozygous deletion, hemizygous deletion, neu-
tral or no change, gain, and high level amplification, respec-
tively. Mutation data were generated by whole exome
sequencing and data are provided in a mutation annotation
format. Sample numbers and types according to biologic
data were described in S1 Table. The expression level of each
biological parameter was classified into high expression or
low expression by the mean value of each biological param-
eter. 

4. Statistical analyses

We used the two-sample t test to determine the difference
in the expression levels of the biological parameters and
Pearson’s chi-square test to determine the differences in clin-
icopathologic characteristics between groups. For multiple
comparisons, Bonferroni correction was applied. We used
the Pearson correlation coefficient to evaluate bivariate cor-
relation among the biological parameters. All survival analy-
ses were carried out with respect to overall survival, and the
time durations was defined as the time from initial diagnosis
to death from any cause. We used Kaplan-Meier estimation
to analyze survival rates and the log-rank test to determine
the significance of the differences between two survival
curves. A Cox-proportional hazards model was used for the
univariate and multivariate analyses, and hazard ratio was
calculated using a 95% confidence interval (CI). We con-
ducted all statistical analyses using IBM SPSS Statistics ver.
20.0 (IBM Inc., Armonk, NY) and R software ver. 3.3.2 
(R Foundation for Statistical Computing, Vienna, Austria).
All tests were two-sided, and we took a p-value of less than
0.05 to indicate statistical significance. 

5. Ethical statement

The study was approved by the Institutional Review Board
of SMG-SNU Boramae Medical Center (IRB No. 16-2016-82)
and performed in accordance with the principles of the Dec-
laration of Helsinki. The informed consent was waived.

Results

1. Clinicopathologic characteristics of the study subjects

The total number of subjects was 1,096, and their mean age
was 58.5±13.2 years (median, 58 years; range, 26 to 90 years). 
Regarding race, 756 white Americans (69.0%), 183 African
Americans (16.7%), and 61 Asian Americans (5.6%) were Ta
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included in the study. Regarding histologic type, 784 inva-
sive ductal carcinomas (71.5%), 202 invasive lobular carcino-
mas (18.4%), 17 mucinous carcinomas (1.6%), nine meta-
plastic carcinomas (0.8%), and six medullary carcinomas
(0.5%) were included in the dataset. Regarding operation
type, 247 lumpectomies (22.5%), 321 modified radical mas-
tectomies (29.3%), and 200 simple mastectomies (18.2%) were
performed. The mean follow-up period was 40.9±39.1
months (median, 28 months; range, 0 to 283 months) and the
total number of deaths during the period in question was 152
(13.9%). The clinicopathologic characteristics of the study
subjects are summarized in Table 1. 

2. Clinicopathologic characteristics according to molecular
subtype

The number of patients classified into each subtype was
599 (54.7%), 154 (14.1%), 39 (3.6%), and 160 (14.6%) for lumi-
nal A, luminal B, HER2, and TN, respectively. The distribu-
tion of T, N, M, stage, sex, and menopausal status according
to molecular subtype are given in Table 2. Notably, male 
patients accounted for five luminal A subtypes (0.8%), six 
luminal B subtypes (3.9%), and one unknown subtype (0.7%).
None of the male patients were classified into the HER2 or
TN subtypes. Although there was a tendency for the propor-
tion of patients to increase as the N stage or stage advanced

Table 2. Clinicopathologic characteristics according to molecular subtype of breast cancer

Group Luminal A Luminal B HER2 TN Unknown Chi-square test
p-value

All 599 (100) 154 (100) 39 (100) 160 (100) 144 (100) 
T stage

1 171 (28.5) 31 (20.1) 7 (17.9) 41 (25.6) 31 (21.5) 0.005
2 329 (54.9) 100 (64.9) 27 (69.2) 99 (61.9) 80 (55.6) 
3 83 (13.9) 16 (10.4) 2 (5.1) 15 (9.4) 22 (15.3) 
4 16 (2.7) 7 (4.5) 3 (7.7) 5 (3.1) 9 (6.3)
Unknown 0 ( 0 ( 0 ( 0 ( 2 (1.4) 

N stage
0 277 (46.2) 66 (42.9) 10 (25.6) 105 (65.6) 58 (40.3) < 0.001
1 201 (33.6) 56 (36.4) 15 (38.5) 33 (20.6) 59 (41.0) 
2 67 (11.2) 20 (13.0) 5 (12.8) 14 (8.8) 14 (9.7) 
3 46 (7.7) 10 (6.5) 7 (17.9) 8 (5.0) 6 (4.2) 
Unknown 8 (1.3) 2 (1.3) 2 (5.1) 0 ( 7 (4.9) 

M stage
0 494 (82.5) 124 (80.5) 37 (94.9) 136 (85.0) 121 (84.0) 0.059
1 10 (1.7) 2 (1.3) 1 (2.6) 2 (1.3) 7 (4.9) 
Unknown 95 (15.9) 28 (18.2) 1 (2.6) 22 (13.8) 16 (11.1) 

Stage
1 118 (19.7) 17 (11.0) 2 (5.1) 29 (18.1) 17 (11.8) < 0.001
2 328 (54.8) 93 (60.4) 24 (61.5) 102 (63.8) 77 (53.5) 
3 138 (23.0) 41 (26.6) 11 (28.2) 26 (16.3) 35 (24.3) 
4 10 (1.7) 2 (1.3) 1 (2.6) 2 (1.3) 7 (4.9) 
Unknown 5 (0.8) 1 (0.6) 1 (2.6) 1 (0.6) 8 (5.6) 

Sex
Female 594 (99.2) 148 (96.1) 39 (100) 160 (100) 143 (99.3) 0.007
Male 5 (0.8) 6 (3.9) 0 ( 0 ( 1 (0.7) 

Menopausal status
Premenopausal 132 (22.0) 30 (19.5) 7 (17.9) 39 (24.4) 20 (13.9) < 0.001
Postmenopausal 404 (67.4) 103 (66.9) 28 (71.8) 99 (61.9) 71 (49.3) 
Perimenopausal 18 (3.0) 5 (3.2) 2 (5.1) 7 (4.4) 7 (4.9) 
Unknown/Indeterminate 45 (7.5) 16 (10.4) 2 (5.1) 15 (9.4) 46 (31.9) 

Values are presented as number (%). HER2, human epidermal growth factor receptor 2; TN, triple negative. 
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amongst those with the HER2 subtype, no other significant
associations were observed between molecular subtype and
clinicopathologic features. 

3. Analyses of RPPA, mRNA, methylation, CNA, and 
mutation

Fig. 1 depicts the expression patterns of RPPA, mRNA-seq,
methylation, and CNA linear according to molecular subtype
of breast cancer. The luminal A and luminal B subtypes

showed upregulated expression of RPPA and mRNA-seq
and hypomethylation compared to the HER2 and TN sub-
types (all p < 0.001). The luminal A subtype showed a greater
degree of upregulation of RPPA and mRNA-seq and a
greater degree of hypomethylation than did the luminal B
subtype (all p < 0.001). No differences were observed 
between the HER2 and TN subtypes regarding the expres-
sion of RPPA, mRNA-seq, or methylation. Regarding CNA
linear, the luminal A subtype showed a higher mean value
than did the luminal B subtype (p=0.009) or the TN subtype

–2

–1

3

2

1

0

RP
PA

 (l
og

2 v
al

ue
)

Luminal A
(n=480)

Luminal B
(n=124)

HER2
(n=38)

TN
(n=132)

p=0.699 between HER2 and TN
p < 0.001 among all others

A

12,500

10,000

7,500

5,000

2,500

0

m
RN

A-
se

q 
(R

SE
M

)

Luminal A
(n=597)

Luminal B
(n=154)

HER2
(n=39)

TN
(n=159)

p=0.803 between HER2 and TN
p < 0.001 among all others

B

0

0.2

1.0

0.8

0.6

0.4

M
et

hy
la

tio
n 

(b
et

a 
va

lu
e)

Luminal A
(n=434)

Luminal B
(n=98)

HER2
(n=19)

TN
(n=117)

p=0.477 between HER2 and TN
p < 0.001 among all others

C
4

3

2

1

0

–1

–2

CN
A 

lin
ea

r (
re

la
tiv

e 
lin

ea
r v

al
ue

)

Luminal A
(n=589)

Luminal B
(n=152)

HER2
(n=39)

TN
(n=156)

p=0.009 between Luminal A and Luminal B 
p=0.040 between Luminal A and TN
p, not significant among all others

D
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(p=0.040) by t test, but it lost statistical significance by mul-
tiple comparison (S2 Table). The expression of mRNA 
microarray and CNA nonlinear showed similar patterns to
those of mRNA-seq and CNA linear (S3 Fig.). No BCL2
mutation was found in any of the subjects.

4. Association of RPPA and mRNA-seq with clinicopatho-
logic parameters

The number of patients in the low mRNA-seq group and
the high mRNA-seq group was 660 (60.4%) and 432 (39.6%),
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respectively, and the number in the low RPPA group and the
high RPPA group was 420 (47.4%) and 466 (52.6%), respec-
tively (Table 1). Although more advanced T stage was asso-
ciated with low mRNA-seq (78.9% and 67.1% for T2-4 in low
mRNA-seq and high mRNA-seq, respectively; p=0.001) and
low RPPA (81.9% and 73.0% for T2-4 in low RPPA and high
RPPA, respectively; p=0.015), M stage, sex, and meno-pausal
status were not associated with the expression of mRNA-seq
or RPPA. Although more advanced N stage and stage were
associated with low mRNA-seq (51.5% and 50.5% for N1-3
in low mRNA-seq and high mRNA-seq, respectively; p=0.007
and 85.5% and 76.6% for stage 2-4 in low mRNA-seq and
high mRNA-seq, respectively; p=0.001), they were not asso-
ciated with the expression of RPPA. Notably, the expression
of mRNA-seq and high RPPA were strongly associated with
estrogen receptor (ER) and progesterone receptor (PR) such
that high mRNA-seq and high RPPA were strongly associ-
ated with positive ER and positive PR (63.0% and 90.0% for
positive ER in low mRNA-seq and high mRNA-seq, respec-
tively; 52.9% and 80.6% for positive PR in low mRNA-seq
and high mRNA-seq, respectively; 55.0% and 87.3% for pos-
itive ER in low RPPA and high RPPA, respectively; 43.1%
and 77.3% for positive PR in low RPPA and high RPPA, 
respectively; all p < 0.001). High mRNA-seq and high RPPA
were also associated with negative HER2 (66.5% and 73.8%
for negative HER2 in low mRNA-seq and high mRNA-seq,
respectively; p < 0.001 and 64.8% and 73.6% for negative
HER2 in low RPPA and high RPPA, respectively; p=0.002).

5. Correlation analysis

Fig. 2 shows scatter plots created using data on RPPA,
mRNA-seq, mRNA microarray, methylation, and CNA lin-
ear according to molecular subtype of breast cancer. Positive
correlations were observed between RPPA and mRNA-seq,
between RPPA and mRNA microarray, and between mRNA-
seq and CNA linear. A negative correlation was observed 
between mRNA-seq and methylation. S4 Fig. depicts scatter
plots for all of the biological parameters and Fig. 3 shows a
3-dimensional scatter plot of RPPA, mRNA-seq, and methy-
lation. A strong correlation was found among RPPA, mRNA-
seq, methylation, and CNA linear in non-selected breast
cancer patients (all p < 0.001) (Table 3). The luminal A and
luminal B subtypes showed a strong correlation among all
of the biological parameters (all p < 0.001) except for a corre-
lation between methylation and CNA linear (p=0.008) in the
luminal B subtype. The HER2 subtype showed strong corre-
lations among most of the biological parameters, but weak
correlations were observed between RPPA and methylation
(p=0.034), RPPA and CNA linear (p=0.002), mRNA-seq and
methylation (p=0.009), mRNA-seq and CNA linear (p=0.016),
and methylation and CNA linear (p=0.015). The TN subtype

showed significant correlations among all of the biological
parameters except for the correlation between methylation
and CNA linear, and a weak correlation was observed 
between RPPA and CNA linear (p=0.001). S5 Table shows
the results of correlation analysis among all of the biological
parameters.

6. Survival analysis 

The subjects were categorized into a low BCL2 group and
a high BCL2 group according to the expression levels of
RPPA, mRNA-seq, methylation, and CNA linear. The low
BCL2 group was defined as RPPA low, mRNA-seq low,
methylation high, and CNA linear low. The high BCL2 group
was defined as RPPA high, mRNA-seq high, methylation
low, and CNA linear high. The high BCL2 group (n=171) had
a superior overall survival rate in comparison to the low
BCL2 group (n=114) (5-year survival rates were 86.1% and
71.8% for the high BCL2 group and the low BCL2 group, 
respectively; p=0.006) (Fig. 4). Seventy-three percent of lumi-
nal subtype patients and 91.1% of non-luminal subtype 
patients were classified into the high BCL2 group and the
low BCL2 group, respectively. Notably, 27.0% of luminal
subtype patients and only 8.9% of non-luminal subtype 
patients were classified into the low BCL2 group and the
high BCL2 group, respectively (S6 Table). BCL2 group was

Fig. 3.  Three-dimensional scatter plots depicting correla-
tions among reverse phase protein array (RPPA), mRNA
sequencing (mRNA-seq), and methylation according to
molecular subtype of breast cancer. HER2, human epider-
mal growth factor receptor 2; TN, triple negative.
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a significant factor by univariate analysis (hazard ratio, 0.426;
95% CI, 0.228 to 0.797; p=0.008) and it was still a significant
independent factor by multivariate analysis (hazard ratio,
0.362; 95% CI, 0.149 to 0.884; p=0.026) after being adjusted
with node positivity, metastasis, and menopausal status
which were also significant factors by univariate analysis 
(S7 Table). 

Discussion

In this study, we analyzed molecular aberrations in BCL2
across DNA, RNA, protein, and methylation status by ana-
lyzing TCGA database, and we attempted to reveal the rela-
tionship across clinical and biological parameters associated
with BCL2 regulation according to the molecular subtypes
of breast cancer. 

This study showed that the expression levels of BCL2 pro-
tein (RPPA) and mRNA (mRNA-seq, mRNA microarray)
were upregulated in the luminal A and luminal B subtypes
compared to the HER2 and TN subtypes. Hypomethylation
was observed in the luminal A and luminal B subtypes com-
pared to the HER2 and TN subtypes. Although CNA (CNA
linear or CNA nonlinear) showed a tendency towards 
increased amplification in the luminal A subtype compared
to the other subtypes, no prominent findings were observed.
In this study, no BCL2 mutation was found in any subject.
These findings suggest that increased expression of BCL2
protein or mRNA in the luminal A or luminal B subtypes
could mainly be associated with hypomethylation of BCL2,
and that copy number amplification of BCL2 might have little
association with BCL2 regulation in breast cancer. BCL2 reg-
ulation was irrespective of mutation status. Hwang et al. [14] 
reported that BCL2 protein expression as assessed by IHC
was positive in 88.8%, 76.4%, 18.3%, and 39.8% of cases with
the luminal A, luminal B, HER2, and TN subtypes, respec-

Group
RPPA mRNA-seq    Methylation CNA linear

Coefficienta) p-value Coefficienta) p-value     Coefficienta) p-value Coefficienta) p-value
RPPA

All - - 0.737 < 0.001       –0.682 < 0.001 0.338 < 0.001
Luminal A - - 0.684 < 0.001       –0.547 < 0.001 0.357 < 0.001
Luminal B - - 0.694 < 0.001       –0.713 < 0.001 0.456 < 0.001
HER2 - - 0.742 < 0.001       –0.488 0.034 0.481 0.002
TN - - 0.746 < 0.001       –0.584 < 0.001 0.299 0.001

mRNA-seq                      
All 0.737 < 0.001 - -               –0.648 < 0.001 0.450 < 0.001
Luminal A 0.684 < 0.001 - -               –0.551 < 0.001 0.502 < 0.001
Luminal B 0.694 < 0.001 - -               –0.587 < 0.001 0.572 < 0.001
HER2 0.742 < 0.001 - -               –0.581 0.009 0.382 0.016
TN 0.746 < 0.001 - -               –0.661 < 0.001 0.291 < 0.001

Methylation                      
All –0.682 < 0.001 –0.648 < 0.001                 - - –0.186 < 0.001
Luminal A –0.547 < 0.001 –0.551 < 0.001                 - - –0.184 < 0.001
Luminal B –0.713 < 0.001 –0.587 < 0.001                 - - –0.269 0.008
HER2 –0.488 0.034 –0.581 0.009                 - - –0.547 0.015
TN –0.584 < 0.001 –0.661 < 0.001                 - - –0.104 0.268

CNA linear                      
All 0.338 < 0.001 0.450 < 0.001           –0.186 < 0.001 - -
Luminal A 0.357 < 0.001 0.502 < 0.001           –0.184 < 0.001 - -
Luminal B 0.456 < 0.001 0.572 < 0.001           –0.269 0.008 - -
HER2 0.481 0.002 0.382 0.016           –0.547 0.015 - -
TN 0.299 0.001 0.291 < 0.001           –0.104 0.268 - -

Table 3. Correlation analysis among RPPA, mRNA-seq, methylation, and CNA linear

RPPA, reverse phase protein array; mRNA-seq, mRNA sequencing; CNA, copy number alteration; HER2, human epidermal
growth factor receptor 2; TN, triple negative. a)Pearson's correlation coefficient. 
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tively. Seong et al. [15] reported that BCL2 protein expression
was positive in 74.0%, 10.7%, 2.8%, and 12.5% of cases with
the luminal A, luminal B, HER2, and TN subtypes, respec-
tively. TCGA Network reported that, amongst those with
RPPA-defined luminal tumors, there was high protein 
expression of ER, PR, androgen receptor, BCL2, GATA bind-
ing protein 3, and inositol polyphosphate-4-phosphatase
type II B, defining mostly luminal A cancers and a second
more heterogeneous protein subgroup comprising both 
luminal A and luminal B cancers. They also reported that 
luminal mRNA subtype/HER2-positive tumors showed
higher expression of the luminal gene cluster, including
GATA binding protein 3, BCL2, and estrogen receptor 1, than
did HER2 mRNA subtype/HER2-positive tumors [18]. Little
has been revealed about methylation, CNA, and mutations
in BCL2 in breast cancer in previous reports. 

The expression levels of BCL2 protein and mRNA were
strongly associated with the status of ER, PR, and HER2; high
expression of protein or mRNA was strongly associated with
ER/PR and negatively correlated with HER2. Previous 
papers reported associations between the expression of BCL2
and ER, PR, and HER2 [14,22-25]. Bouchalova et al. [22] 
reported that 86% of breast cancer patients with positive
BCL2 protein expression were positive for ER as assessed by
IHC and 69% of patients negative for BCL2 protein expres-
sion were also negative for ER. Hwang et al. [14] reported
that BCL2 protein expression was positive in 81.0%, 69.8%,
and 12.4% of breast cancer patients who were positive for ER,

PR, and HER2, respectively, and that BCL2 protein expres-
sion was positive in 18.1%, 29.9%, and 74.2% of patients neg-
ative for ER, PR, and HER2, respectively. Although a
negative association has been reported between BCL2 pro-
tein expression and stage of breast cancer [13,14,26,27], this
study showed a weak or absent association between cancer
stage and expression of BCL2 protein or mRNA.

Scatter plots depicting the biological parameters showed
a strong positive correlation between protein and mRNA lev-
els and a strong negative correlation between methylation
and mRNA levels. Correlation analysis also revealed a strong
positive correlation between protein and mRNA levels and
a strong negative correlation between methylation and pro-
tein or mRNA levels. CNA showed a weak positive correla-
tion with protein and mRNA levels and a weak negative
correlation with methylation status. These findings also sug-
gest that the expression of BCL2 protein or mRNA is strongly
correlated with methylation and that CNA plays a minor role
in BCL2 regulation in breast cancer. Regarding the molecular
subtypes of breast cancer, the luminal A and luminal B sub-
types showed strong correlations among all of the biological
parameters, except for a weak correlation between methyla-
tion and CNA in the luminal B subtype. The HER2 subtypes
showed relatively weak correlations among the biological
parameters compared to the luminal A and luminal B sub-
types. The HER2 subtype showed weak correlations between
CNA and the other biological parameters including RPPA,
mRNA, and methylation. The HER2 subtype also showed a
weak correlation between methylation and the other biolog-
ical parameters. The TN subtype showed a weak correlation
between CNA and RPPA and no correlation between CNA
and methylation level. We could not find reference papers
that described correlations among the biological parameters
related to BCL2 in breast cancer.

Survival analysis in this study revealed that the high BCL2
group showed a superior overall survival rate compared to
the low BCL2 group. Not only BCL2 group was a significant
prognostic factor by univariate analysis, but also it was a sig-
nificant independent prognostic factor by multivariate analy-
sis. The survival difference according to BCL2 expression
was not so prominent by survival analysis using this TCGA
dataset of breast cancer. While the extreme patient groups of
both ends in the spectrum of the subjects according to BCL2
expression only showed the survival difference, simple
groupings of the whole subjects into two groups according
to BCL2 expression did not show the survival difference in
this study. The high BCL2 group was significantly associated
with the luminal A and luminal B subtypes and the low
BCL2 group was mostly assigned to the HER or TN sub-
types. High BCL2 protein expression has been reported to be
associated with favorable prognosis in patients with breast
cancer. Hwang et al. reported that BCL2 protein expression

Fig. 4.  Overall survival curves according to the expression
levels of reverse phase protein array (RPPA), mRNA 
sequencing (mRNA-seq), methylation, and copy number
alteration (CNA) linear. 
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as assessed by IHC was a powerful independent prognostic
factor in patients with breast cancer, and they also reported
that favorable clinicopathologic features and a strong corre-
lation with the hormonal receptor may be causes of the 
superior survival rate in patients with BCL2-positive breast
cancer [13]. BCL2 protein expression was reported to have
different prognostic importance in different molecular sub-
types of breast cancer. Although Dawson et al. [11] reported
that BCL2 is an independent favorable prognostic factor for
all subtypes of early-stage breast cancer including TNBC,
Seong et al. [15] reported that BCL2 was an independent 
favorable prognosticator only in patients with the luminal A
subtype. Hwang et al. [14] reported that BCL2 was a strong
favorable prognostic factor in those with the luminal A sub-
type and a marginally significant favorable prognostic factor
in patients with the luminal B subtype. They also reported
that BCL2 had no prognostic importance in patients with the
HER2 and TN subtypes [14]. We could not find any publica-
tions that report the prognostic roles of mRNA, CNA, or
methylation of BCL2 in breast cancer. 

In this study, we attempted to identify the clinical signifi-
cance of BCL2 aberrations in breast cancer by an analysis of
the clinical and biologic information available in TCGA data-
base. This study has several limitations. First, as the number
of subjects was relatively small, the statistical power might
be limited, especially in the subgroup analyses. Second, the
results of this study were not externally validated, thus 
necessitating further studies. Third, this study did not ana-
lyze the interactions between BCL2 and other related genes. 

In conclusion, the regulation of BCL2 was mainly associ-
ated with methylation across the molecular subtypes of
breast cancer, and luminal A and luminal B subtypes showed
upregulated expression of BCL2 protein, mRNA and hypo-
methylation. Although CNA could play a minor role in reg-
ulation of BCL2, mutation was not related to BCL2 regu-
lation. Upregulation of BCL2 was associated with superior
prognosis in comparison to downregulation of BCL2 in
breast cancer.

Electronic Supplementary Material

Supplementary materials are available at Cancer Research and
Treatment website (http://www.e-crt.org).

Conflicts of Interest

Conflict of interest relevant to this article was not reported.

Acknowledgments

We appreciate valuable discussion from the members of the 
Boramae Hospital Breast Cancer Study group (BBS). Ki-Tae Hwang,
MD, PhD, Department of Surgery; Bo Kyung Koo, MD, PhD, 
Department of Internal Medicine; Young A Kim, MD, PhD, Depart-
ment of Pathology; Jongjin Kim, MD, Department of Surgery; Eun
Youn Roh, MD, PhD, Department of Laboratory Medicine; Sung Bae
Park, MD, Department of Neurosurgery; Jin Hyun Park, MD, MS,
Department of Internal Medicine; Han Mo Sung, RN, Department
of Surgery; So Won Oh, MD, PhD, Department of Nuclear Medicine;
Sohee Oh, PhD, Department of Biostatistics; Jong Yoon Lee, MD,
MS, Department of Radiology; Ji Hyun Chang, MD, PhD, Depart-
ment of Radiation Oncology; Se Hee Jung, MD, PhD, Department
of Rehabilitation Medicine; Young Jun Chai, MD, MS, Department
of Surgery; In Sil Choi, MD, PhD, Department of Internal Medicine;
A Jung Chu, MD, Department of Radiology; Kyu Ri Hwang, MD,
PhD; Department of Obstetrics and Gynecology; Eunjoo Hwang,
Department of Surgery.

All BBS members are from Seoul National University Boramae
Medical Center (20 Boramae-ro 5-gil, Donggak-gu, Seoul 07061, 
Republic of Korea).

The results of this study are in whole or part based upon data gen-
erated by the TCGA Research Network (http://cancergenome.nih.
gov/).

This work was supported by a multidisciplinary research grant-
in-aid from the Seoul Metropolitan Government Seoul National Uni-
versity Boramae Medical Center (02-2016-8).

1. Ebrahim AS, Sabbagh H, Liddane A, Raufi A, Kandouz M, 
Al-Katib A. Hematologic malignancies: newer strategies to
counter the BCL-2 protein. J Cancer Res Clin Oncol. 2016;142:
2013-22.

2. Czabotar PE, Lessene G, Strasser A, Adams JM. Control of
apoptosis by the BCL-2 protein family: implications for phys-
iology and therapy. Nat Rev Mol Cell Biol. 2014;15:49-63.

3. Tsujimoto Y, Finger LR, Yunis J, Nowell PC, Croce CM.

Cloning of the chromosome breakpoint of neoplastic B cells
with the t(14;18) chromosome translocation. Science. 1984;226:
1097-9.

4. Cleary ML, Smith SD, Sklar J. Cloning and structural analysis
of cDNAs for bcl-2 and a hybrid bcl-2/immunoglobulin tran-
script resulting from the t(14;18) translocation. Cell. 1986;47:
19-28.

5. Tzifi F, Economopoulou C, Gourgiotis D, Ardavanis A, Papa-

References

Cancer Res Treat. 2018;50(3):658-669

668 CANCER  RESEARCH  AND  TREATMENT



georgiou S, Scorilas A. The role of BCL2 family of apoptosis
regulator proteins in acute and chronic leukemias. Adv Hema-
tol. 2012;2012:524308.

6. Martin B, Paesmans M, Berghmans T, Branle F, Ghisdal L,
Mascaux C, et al. Role of Bcl-2 as a prognostic factor for sur-
vival in lung cancer: a systematic review of the literature with
meta-analysis. Br J Cancer. 2003;89:55-64.

7. Cheng H, Wang X, Li T, Chen L. Bcl-2 expression and patient
survival in gastric cancer: a systematic review of the literature
with meta-analysis. Med Oncol. 2015;32:389.

8. Zhao L, Yu N, Guo T, Hou Y, Zeng Z, Yang X, et al. Tissue bio-
markers for prognosis of prostate cancer: a systematic review
and meta-analysis. Cancer Epidemiol Biomarkers Prev.
2014;23:1047-54.

9. Correia C, Lee SH, Meng XW, Vincelette ND, Knorr KL, Ding
H, et al. Emerging understanding of Bcl-2 biology: implica-
tions for neoplastic progression and treatment. Biochim Bio-
phys Acta. 2015;1853:1658-71.

10. Delbridge AR, Grabow S, Strasser A, Vaux DL. Thirty years of
BCL-2: translating cell death discoveries into novel cancer
therapies. Nat Rev Cancer. 2016;16:99-109.

11. Dawson SJ, Makretsov N, Blows FM, Driver KE, Provenzano
E, Le Quesne J, et al. BCL2 in breast cancer: a favourable prog-
nostic marker across molecular subtypes and independent of
adjuvant therapy received. Br J Cancer. 2010;103:668-75.

12. Callagy GM, Webber MJ, Pharoah PD, Caldas C. Meta-analy-
sis confirms BCL2 is an independent prognostic marker in
breast cancer. BMC Cancer. 2008;8:153.

13. Hwang KT, Woo JW, Shin HC, Kim HS, Ahn SK, Moon HG,
et al. Prognostic influence of BCL2 expression in breast cancer.
Int J Cancer. 2012;131:E1109-19.

14. Hwang KT, Han W, Kim J, Moon HG, Oh S, Song YS, et al.
Prognostic influence of BCL2 on molecular subtypes of breast
cancer. J Breast Cancer. 2017;20:54-64.

15. Seong MK, Lee JY, Byeon J, Sohn YJ, Seol H, Lee JK, et al. Bcl-
2 is a highly significant prognostic marker of hormone-recep-
tor-positive, human epidermal growth factor receptor-2-nega-
tive breast cancer. Breast Cancer Res Treat. 2015;150:141-8.

16. McDonnell TJ, Korsmeyer SJ. Progression from lymphoid 
hyperplasia to high-grade malignant lymphoma in mice trans-

genic for the t(14; 18). Nature. 1991;349:254-6.
17. Cancer Genome Atlas Research Network, Weinstein JN, Col-

lisson EA, Mills GB, Shaw KR, Ozenberger BA, et al. The Can-
cer Genome Atlas Pan-Cancer analysis project. Nat Genet.
2013;45:1113-20.

18. Cancer Genome Atlas Network. Comprehensive molecular
portraits of human breast tumours. Nature. 2012;490:61-70.

19. Ciriello G, Gatza ML, Beck AH, Wilkerson MD, Rhie SK, Pas-
tore A, et al. Comprehensive molecular portraits of invasive
lobular breast cancer. Cell. 2015;163:506-19.

20. Chang JT, Wang F, Chapin W, Huang RS. Identification of 
microRNAs as breast cancer prognosis markers through The
Cancer Genome Atlas. PLoS One. 2016;11:e0168284.

21. Ma CX, Ellis MJ. The Cancer Genome Atlas: clinical applica-
tions for breast cancer. Oncology (Williston Park). 2013;27:
1263-9, 74-9.

22. Bouchalova K, Kharaishvili G, Bouchal J, Vrbkova J, Megova
M, Hlobilkova A. Triple negative breast cancer: BCL2 in prog-
nosis and prediction. Review. Curr Drug Targets. 2014;15:
1166-75.

23. Park SH, Kim H, Song BJ. Down regulation of bcl2 expression
in invasive ductal carcinomas is both estrogen- and proges-
terone-receptor dependent and associated with poor prognos-
tic factors. Pathol Oncol Res. 2002;8:26-30.

24. Bhargava V, Kell DL, van de Rijn M, Warnke RA. Bcl-2 
immunoreactivity in breast carcinoma correlates with hor-
mone receptor positivity. Am J Pathol. 1994;145:535-40.

25. Doglioni C, Dei Tos AP, Laurino L, Chiarelli C, Barbareschi
M, Viale G. The prevalence of BCL-2 immunoreactivity in
breast carcinomas and its clinicopathological correlates, with
particular reference to oestrogen receptor status. Virchows
Arch. 1994;424:47-51.

26. Chen LY, Tsang JY, Ni YB, Chan SK, Chan KF, Zhang S, et al.
Bcl2 and Ki67 refine prognostication in luminal breast cancers.
Breast Cancer Res Treat. 2015;149:631-43.

27. Lee KH, Im SA, Oh DY, Lee SH, Chie EK, Han W, et al. Prog-
nostic significance of bcl-2 expression in stage III breast cancer
patients who had received doxorubicin and cyclophos-
phamide followed by paclitaxel as adjuvant chemotherapy.
BMC Cancer. 2007;7:63.

Ki-Tae Hwang, BCL2 Regulation in Breast Cancer from TCGA

VOLUME 50 NUMBER 3 JULY 2018  669



│ http://www.e-crt.org │670 Copyright ⓒ 2018 by  the Korean Cancer Association
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Cancer Res Treat. 2018;50(3):670-680

pISSN 1598-2998, eISSN 2005-9256

https://doi.org/10.4143/crt.2017.051 

Open Access

Comparison of Native Escherichia coli L-Asparaginase versus Pegylated 
Asparaginase, in Combination with Ifosfamide, Methotrexate, Etoposide, 
and Prednisolone, in Extranodal NK/T-Cell Lymphoma, Nasal Type 

Original Article

Purpose
The aim of this study was to compare asparaginase-related toxicities in two asparaginase
preparations, namely native Escherichia coli L-asparaginase (L-ASP) and pegylated asparag-
inase (PEG-ASP) in combination with ifosfamide, methotrexate, etoposide, and prednisolone
(IMEP) in natural killer (NK)/T-cell lymphoma (NTCL). 

Materials and Methods
A total of 41 NTCL patients who received IMEP plus native E. coli L-ASP or PEG-ASP at Seoul
National University Hospital were included in this study between January 2013 and March
2016. IMEP/ASP treatment consisted of ifosfamide, methotrexate, etoposide, plus native E.
coli L-ASP (6,000 IU/m2 on days 1, 3, 5, 7, 9, and 11) or PEG-ASP (2,500 IU/m2 on day 1)
every 3 weeks. ASP-related toxicities, toxicity patterns, length of hospital stay, and clinical
outcomes were compared between the different treatment groups.  

Results
The frequency of ASP-related toxicities was similar between the IMEP plus native E. coli
L-ASP group and the PEG-ASP group apart from hypofibrinogenemia (native E. coli L-ASP vs.
PEG-ASP group, 86.4% vs. 36.8%; p=0.001). Although post-treatment transaminase and
albumin levels were significantly high and low, respectively, hepatotoxicity gradients before
and after treatment did not differ significantly between the groups. Since PEG-ASP was given
at an outpatient clinic in some patients, length of hospital stay was significantly shorter in
the IMEP plus PEG-ASP group (median, 4.0 vs. 6.0 days; p=0.002). A favorable tendency of
clinical outcomes was observed in NTCL patients treated with IMEP plus PEG-ASP (complete
remission rate, 73.7% vs. 45.5%; p=0.067).  

Conclusion
IMEP plus PEG-ASP showed similar ASP-related toxicities, shorter length of hospital stay,
and a trend towards improved clinical outcomes compared with IMEP plus native E. coli
L-ASP in NTCL.

Key words
NK/T-cell lymphoma, Native Escherichia coli L-asparaginase, 
Pegylated asparaginase, Toxicity, Length of stay
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Introduction

Natural killer (NK)/T-cell lymphoma (NTCL) is a distinct
clinicopathologic disease, as defined by the World Health 
Organization (WHO), displaying very aggressive features of
lymphoproliferative diseases [1]. Although long-term out-
comes with conventional combination chemotherapy have
been unsatisfactory in the past [2,3], recent phase II studies
have demonstrated the efficacy of L-asparaginasebased
combination chemotherapy with a backbone of ifosfamide,
methotrexate, etoposide, and prednisolone (IMEP) in newly
diagnosed stage IV or refractory NTCL [4-6].

In Korea, three preparations of asparaginase for treating
NTCL are available: native Escherichia coli L-asparaginase 
(L-ASP), namely pegylated E. coli asparaginase (PEG-ASP),
and Erwinia-derived asparaginase. Generally, the E. coli
derived enzyme is used as front-line therapy, and the 
Erwinia-derived preparation is only reserved for patients
who develop hypersensitivity reactions [7,8]. However, 
native E. coli L-ASP is associated with notable side-effects 
including hypersensitivity, pancreatitis, and thrombosis 
[7-12]. Hypersensitivity to native E. coli L-ASP has resulted
in a poorer outcome due to inactivation of asparaginase by
antibodies [13]. PEG-ASP is potentially less immunogenic
than native E. coli L-ASP and has a longer half-life, which 
allows one injection of PEG-ASP to replace multiple injec-
tions of native E. coli L-ASP [14,15]. PEG-ASP is now being
used as the initial asparaginase preparation in some pediatric
acute lymphoblastic leukemia (ALL) treatment regimens
after randomized trials have confirmed that it has similar tox-
icity and efficacy to native E. coli L-ASP [16,17]. 

Although PEG-ASP has been used as the initial asparagi-
nase preparation in some prospective NTCL clinical trials in
China [18,19] and the pharmacokinetics of each asparaginase
preparation have been well-defined in many reports [20-22],
there are no studies that compare the ASP-related toxicity of
PEG-ASP with native E. coli L-ASP in the NTCL population.
In addition, the length of hospital stay and number of visits
to the emergency room (ER) after chemotherapy with each
drug preparation have not been clearly reported. The aim of
this study was to compare ASP-related toxicity between two
asparaginase preparations, namely native E. coli L-ASP and
PEG-ASP, in combination with IMEP in NTCL.

Materials and Methods

1. Patients

A total of 41 patients who were treated with IMEP plus 
native E. coli L-ASP or PEG-ASP for NTCL between January
2013 and March 2016 at Seoul National University Hospital
were retrospectively identified. The inclusion criteria were
AS follows: (1) pathologically confirmed NTCL according to
the WHO criteria [1,23]; (2) treatment with IMEP plus native
E. coli L-ASP or PEG-ASP; and (3) eligibility for ASP-related
toxicity evaluation after chemotherapy. Clinical demograph-
ics including age, sex, B symptoms, Eastern Cooperative 
Oncology Group performance status (ECOG PS), serum lac-
tate dehydrogenase level, Ann Arbor stage, number of extra-
nodal sites, International Prognostic Index (IPI) score, Korean
Prognostic Index (KPI) score, Prognostic Index of Natural
Killer Lymphoma (PINK) score, Prognostic Index of Natural
Killer Lymphoma-Epstein-Barr virus (PINK/E) score, and
previous lines of chemotherapy, were recorded [24,25].

2. Treatment

All patients received chemotherapy consisting of IMEP,
plus native E. coli L-ASP or PEG-ASP. The choice of asparag-
inase preparation in combination with the IMEP regimen
was made by the primary physician. The conventional IMEP
regimen consists of ifosfamide at a dose of 1.5 g/m2, admin-
istered intravenously on days 1 to 3 with adequate hydration
of 2 L of half-saline per day and mesna to prevent hemor-
rhagic cystitis; methotrexate at a dose of 30 mg/m2, given 
intravenously on day 4; and etoposide at a dose of 100
mg/m2, administered intravenously on days 1 to 3. In the
IMEP plus L-ASP group, prednisolone was given at a dose
of 50 mg/m2 orally on days 1 to 5. In the IMEP plus PEG-
ASP group, dexamethasone was given at a dose of 20 mg 
intravenously on days 1 to 4. Patients received either intra-
venous native E. coli L-ASP 6,000 IU/m2 (capped at 10,000
IU) on days 1, 3, 5, 7, 9, and 11 or intravenous PEG-ASP 2,500
IU/m2 (capped at 3,750 IU) on day 1 of each cycle. Each cycle
of chemotherapy was given every 3 weeks. For patients with
stage I/II NTCL, up to three-to-four cycles of treatment were
planned, followed by involved-field radiotherapy (IFRT). For
patients with stage III/IV NTCL, up to six cycles of treatment
were planned. Treatment was continued until disease pro-
gression, unacceptable toxicities, or refusal by the patient. To
minimize allergic reactions with native E. coli L-ASP, all 
patients were allergy tested at 1 hour prior to receiving 
native E. coli L-ASP at our institution. In cases of positive skin
test and hypersensitivity to L-ASP, patients were required to
receive native E. coli L-ASP under a desensitization protocol.
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3. Asparaginase-related toxicity assessment

Toxicity was assessed according to the Common Terminol-
ogy Criteria for Adverse Events, ver. 3.0. Asparaginase-
related toxicities were defined as toxicities that are caused by
asparagine depletion and have been commonly reported in
clinical trials in combination with IMEP in NTCL [4-6]; these
included hepatotoxicity (measured by elevated levels of 
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP), and total bilirubin (t-bil),
hypoalbuminemia, hypofibrinogenemia; all grades), hyper-
glycemia, hypertriglycemia (all grades), pancreatitis (grade
2 or worse), and allergy (all grades, including anaphylaxis).
For patients with no history of diabetes mellitus, hyper-
glycemia was defined as two or more random blood glucose
levels higher than 200 mg/dL. For patients with underlying
diabetes mellitus, prescription of new hyperglycemia med-
ication or increase in the dose of hyperglycemia medication
after starting treatment with IMEP plus native E. coli L-ASP
or PEG-ASP was considered as an event of hyperglycemia.
Hematological toxicities were not included because these
toxicities are routinely encountered at diagnosis and during
treatment of NTCL. Toxicity was continually monitored for
one cycle up to the subsequent cycle of chemotherapy, initi-
ation of a different chemotherapy regimen due to disease
progression, or death.

To compare toxicity patterns between the two groups after
the first cycle and during chemotherapy, we observed
changes in AST, ALT, ALP, t-bil, and albumin between day
1 of the first cycle and 3 weeks after the last cycle of
chemotherapy. We calculated absolute change and percent-
age change in laboratory values (AST, ALT, ALP, t-bil,
and albumin). 

4. Length of hospital stay and clinical outcomes 

The length of hospital stay and number of visits to the ER
were compared after each cycle of IMEP plus native E. coli
L-ASP or PEG-ASP. Clinical outcomes were assessed by
physical examination, otolaryngologic examination, com-
puted tomography scans, and positron emission tomography
(PET) scans, using the response criteria for lymphoma [26].

Briefly, complete response (CR) was defined as disappear-
ance of all evidence of disease with no PET-positive lesions.
Partial response (PR) was defined as at least 50% decrease in
the sum of the product of the diameters of up to six dominant
masses, and no increase in size of other nodes. Progressive
disease (PD) was defined as any new lesion or at least 50%
increase of any single previously identified node and stable
disease is defined as failure to attain the criteria needed for
a CR or PR, but doe s not fulfill those of PD. Responses were
assessed every two cycles during chemotherapy and best 

responses to chemotherapy were used in the analysis. Over-
all survival (OS) and progression-free survival (PFS) were
calculated as the time from the date of the first administra-
tion of IMEP plus native E. coli L-ASP or PEG-ASP up to the
date of either death or the final follow-up visit, and to the
date of disease progression, respectively, confirmed by the
response assessment of lymphoma [26].

5. Statistical analysis 

Clinical variables were compared between the two groups
using the Pearson chi-square or Fisher exact tests for categor-
ical variables, and by the Wilcoxon rank-sum test for contin-
uous variables. We used multivariable logistic regression to
adjust for baseline differences when comparing asparagi-
nase-related toxicity, where necessary. Percentage changes
in laboratory values (AST, ALT, ALP, t-bil, albumin,
and fibrinogen) before and after chemotherapy were com-
pared between the two groups using the Wilcoxon signed
rank test. Survival curves were derived by the Kaplan-Meier
method and compared using a log-rank test. A significance
level of < 0.05 was used for p-values. All analyses were per-
formed using SPSS ver. 22.0 (IBM Corp., Armonk, NY) and
STATA ver. 12 (StataCorp LP, College Station, TX). 

6. Ethical statement

This study was approved by the Institutional Review
Board of Seoul National University Hospital (H-1508-177-
702), and was conducted in accordance with the precepts 
established by the Declaration of Helsinki.

Results

1. Patients’ characteristics and treatments

A total of 22 patients received IMEP plus native E. coli
L-ASP for 77 cycles, and 19 patients received IMEP plus PEG-
ASP for 54 cycles. All clinical demographics were similar 
between the L-ASP and PEG-ASP groups. The median age
was 58.8 years in the L-ASP group and 55.9 years in the PEG-
ASP group. A total of 11 (50.0%) patients in the L-ASP group
and nine (47.4%) patients in the PEG-ASP group had Ann
Arbor stage III/IV NTCL. Patients in each group were well
balanced according to the PINK and PINK/E model. A total
of 15 (68.2%) and 14 (73.7%) NTCL patients received IMEP
plus L-ASP or IMEP plus PEG-ASP, respectively, as a first-
line therapy. Baseline laboratory values were similar 
between the two groups (Table 1). 
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Table 1. Baseline patient characteristics
IMEP+L (n=22) IMEP+P (n=19) p-value

Age (yr)
< 60 12 (54.5) 13 (68.4) 0.364
 60 10 (45.5) 6 (31.6)
Median (75% CI) 58.8 (44.4-68.8) 55.9 (49.8-63.6) 0.896

Sex
Male 12 (54.5) 8 (42.1) 0.427
Female 10 (45.5) 11 (57.9)

Presentation
UAT 19 (86.4) 14 (73.7) 0.436
Not UAT 3 (13.6) 5 (26.3)

B symptoms
No 15 (68.2) 17 (89.5) 0.140
Yes 7 (31.8) 2 (10.5)

Ann Arbor stage
I-II 11 (50.0) 10 (52.6) 0.867
III-IV 11 (50.0) 9 (47.4)

LDH level
Normal 11 (50.0) 13 (68.4) 0.233
Elevated 11 (50.0) 6 (31.6)

No. of extranodal sites
0-1 17 (77.3) 16 (84.2) 0.703
 2 5 (22.7) 3 (15.8)

ECOG PS
0-1 20 (90.9) 16 (84.2) 0.649
 2 2 (9.1) 3 (15.8)

IPI score
0-1 11 (50.0) 10 (52.6) 0.300
2 4 (18.2) 7 (36.8)
3 5 (22.7) 1 (5.3)
4-5 2 (9.1) 1 (5.3)

KPI score
1 4 ( 2 ( 0.006
2 7 ( 6 (
3 1 ( 9 (
4 10 ( 2 (

PINK
Low 4 ( 4 ( 0.917
Intermediate 13 ( 10 (
High 5 ( 5 (

PINK/E
Low 5 ( 4 ( 0.977
Intermediate 12 ( 11 (
High 5 ( 4 (

Previous chemotherapy
0 15 (68.2) 14 (73.7) 0.634
1-2 6 (27.3) 5 (26.3)
3 1 (4.5) 0 (

AST, median (75% CI) 33.50 (21.75-110.25) 22.0 (17.0-49.0) 0.169
ALT, median (75% CI) 41.50 (19.50-62.75) 20.0 (13.0-47.0) 0.089
ALP, median (75% CI) 62.50 (52.25-132.25) 94.0 (79.0-133.0) 0.075
t-bil, median (75% CI) 0.65 (0.40-1.00) 0.5 (0.4-0.7) 0.323

(Continued to the next page)
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In L-ASP group, seven patients with stage I/II and five 
patients with stage III/IV completed the planned chemother-
apy. Ten patients discontinued chemotherapy due to death
(n=2), disease progression (n=5), and unacceptable toxicities
(n=3). In PEG-ASP group, seven patients with stage I/II and
five patients with stage III/IV completed the planned
chemotherapy. Seven patients discontinued chemotherapy
due to death (n=1), unacceptable toxicities (n=5), and refusal
by the patient (n=1). Eight patients in L-ASP group and seven
patients in PEG-ASP group received sequential IFRT at 
median doses of 40.5 Gy and 42.0 Gy, respectively. Three 
patients in L-ASP group and two patients in PEG-ASP group

received autologous stem-cell transplantation and allogenic
stem-cell transplantation as consolidation, respectively.

2. Asparaginase-related toxicity assessment

The asparaginase-related toxicity of the current study is
summarized in Table 2. Hepatotoxicity was the most fre-
quent asparaginase-related toxicity in both the L-ASP and
PEG-ASP groups. There were no significant differences 
between the levels of AST, ALT, ALP and t-bil, or hypoalbu-
minemia between the two groups. However, more patients
in the L-ASP group experienced hypofibrinogenemia com-

Table 1. Continued
IMEP+L (n=22) IMEP+P (n=19) p-value

Albumin, median (75% CI) 3.65 (3.175-4.15) 3.8 (3.1-4.2) 0.733
Fibrinogen, median (75% CI)a) 295.0 (214.5-392) 321.0 (169.0-397.0) 0.959

IMEP+L/P, ifosfamide, mesna, etoposide, prednisolone+L-asparaginase/peg-asparaginase; CI, confidence interval; UAT,
upper aerodigestive tract; LDH, lactate dehydrogenase; ECOG PS, Eastern Cooperative Oncology Group performance status;
IPI, International Prognostic Index; KPI, Korean Prognostic Index; PINK, Prognostic Index of Natural Killer Lymphoma;
PINK/E, PINK-Epstein-Barr virus; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phos-
phatase; t-bil, total bilirubin. a)Evaluated in 27 patients.

Table 2. Asparaginase-related toxicity per patient
IMEP+L (n=22) IMEP+P (n=19) p-value

Asparaginase-related toxicity (all grades)
AST elevation 10 (45.5) 9 (47.4) 0.902
ALT elevation 11 (50.0) 12 (63.2) 0.397
ALP elevation 8 (36.4) 11 (57.9) 0.168
t-bil elevation 13 (59.1) 8 (42.1) 0.278
Hypoalbuminemia 16 (72.7) 13 (68.4) 0.763
Hypofibrinogenemia 19 (86.4) 7 (36.8) 0.001
Hyperglycemia 5 (22.7) 1 (5.3) 0.112
Hypertriglycemia 6 (27.3) 4 (21.1) 0.727
Pancreatitis 1 (4.5) 2 (10.5) 0.588
Allergy 7 (31.8) 3 (15.8) 0.366

Asparaginase-related toxicity ( grades 3)
AST elevation 3 (13.6) 2 (10.5) > 0.99
ALT elevation 1 (4.5) 2 (10.5) 0.588
ALP elevation 1 (4.5) 0 ( > 0.99
t-bil elevation 2 (9.1) 0 ( 0.490
Hypoalbuminemia 1 (4.5) 1 (5.3) > 0.99
Hypofibrinogenemia 3 (13.6) 3 (15.8) > 0.99
Allergy 2 (9.1) 1 (5.3) 0.485

IMEP+L/P, ifosfamide, mesna, etoposide, prednisolone+L-asparaginase/peg-asparaginase; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; ALP, alkaline phosphatase; t-bil, total bilirubin.
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Fig. 1.  Comparison of liver function tests between before chemotherapy (pre) and maximum values after chemotherapy
(post). Each dot represents pre and post aspartate aminotransferase (AST) (A), alanine aminotransferase (ALT) (B), alkaline
phosphatase (ALP) (C), total bilirubin (t-bil) (D), and albumin (E) levels. The red line represents the change in median pre
and post values. Pre and post values were compared within each group using the Wilcoxon signed rank test. L-ASP, 
L-asparaginase; PEG, pegylated.
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Fig. 2.  Comparison of percentage changes in liver function tests between before chemotherapy (pre) and maximum values
after (post) chemotherapy. Each dot represents the percentage change between pre and post aspartate aminotransferase
(AST) (A), alanine aminotransferase (ALT) (B), alkaline phosphatase (ALP) (C), total bilirubin (t-bil) (D), and albumin (E)
levels. The red line represents the change in median pre and post percentage change. Percentage change between the two
groups was compared by the Wilcoxon signed rank test. L-ASP, L-asparaginase; PEG, pegylated.
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pared to the PEG-ASP group (86.4% vs. 36.8%, p=0.001). 
More patients in the L-ASP group experienced an allergic

reaction, although the difference was not significant. In our
study, three patients (13.6%) taking L-ASP had a positive
skin test prior to receiving native E. coli L-ASP. All three 
patients received native E. coli L-ASP under a desensitization
protocol, and two patients completed all subsequent cycles
of native E. coli L-ASP under the desensitization protocol
without allergic toxicities. However, one patient experienced
a grade 3 allergic reaction despite the desensitization proto-
col and, therefore, switched to Erwinia-derived asparaginase.
A grade 3 allergic reaction occurred in one patient on L-ASP
despite a negative skin test result, and this patient completed
all subsequent cycles of IMEP plus L-ASP under a desensiti-
zation protocol. One patient treated with IMEP plus PEG-
ASP experienced an asparaginase-related grade 3 allergic
reaction and, as a result, discontinued this drug from subse-
quent cycles of chemotherapy.

There was no significant difference in the frequency of
grade 3 or above asparaginase-related toxicity between the
two groups. Two patients experienced grade 4 asparaginase-
related toxicity; one patient developed grade 4 hypertriglyc-
eridemia after six cycles of IMEP plus L-ASP, and another
patient experienced grade 4 hypofibrinogenemia after two
cycles of IMEP plus PEG-ASP. These latter two adverse
events were not life-threatening and soon resolved after
chemotherapy was completed. There were no treatment-
related deaths in this study. 

Upon analysis of the asparaginase-related toxicity per

cycle of chemotherapy, the frequency of toxicity in each
group was found to be comparable. However, hyper-
glycemia and allergy occurred more frequently in the L-ASP
group (p=0.045 and p=0.005, respectively). Frequency of
grade 3 or above asparaginase-related toxicity per cycle of
chemotherapy did not show any significant difference 
between the two groups (S1 Table).

The level of changes in hepatic enzymes, bilirubin, and 
albumin between native E. coli L-ASP and PEG-ASP after
chemotherapy were similar in two groups. Patients who 
received IMEP plus L-ASP and PEG-ASP displayed signifi-
cantly elevated levels of AST, ALT, ALP, and t-bil and 
decreased level of albumin after chemotherapy compared to
before chemotherapy (p < 0.05) (Fig. 1). When we compared
the percent change of AST, ALT, ALP, t-bil, and albumin 
before and after chemotherapy, level of changes were similar
between two groups (Fig. 2). However the toxicity pattern
after the first cycle of chemotherapy was significantly differ-
ent. Only the patients who received IMEP plus PEG-ASP
showed significantly elevated levels of AST, ALT, ALP, and
t-bil after one cycle of chemotherapy compared to day 1
(AST, p=0.024; ALT, p=0.033; ALP, p < 0.001; and t-bil, 
p < 0.001). Although the level of albumin significantly 
decreased in both groups, the slope of change was more sig-
nificant in the PEG-ASP group (in both groups p < 0.001) 
(S2 Fig.). When we compared the percentage change of AST,
ALT, ALP, t-bil, and albumin between the two groups on day
1 of the first cycle and 3 weeks after the first cycle, patients
in the PEG-ASP group displayed significantly elevated levels

Table 3. Length of hospital stay and number of ER visits
IMEP+L (77 cycles) IMEP+P (54 cycles) p-value

Hospital stay, median (75% CI) 6.0 (4.0-13.0) 4.0 (2.25-7.25) 0.002
ER visit, n (%) 3 (3.9) 6 (11.1) 0.160

ER, emergency room; IMEP+L/P, ifosfamide, mesna, etoposide, prednisolone+L-asparaginase/peg-asparaginase; CI, confi-
dence interval.

Table 4. Clinical outcomes of IMEP plus native Escherichia coli L-ASP and PEG-ASP
Response assessment IMEP+L (n=21) IMEP+P (n=18) p-value
PR 5 (23.8) 4 (22.2) > 0.99 
CR 10 (47.6) 14 (77.8) 0.098
PD 5 (23.8) 0 ( 0.050
SD 1 (4.8) 0 ( > 0.99

Values are presented as number (%). IMEP, ifosfamide, mesna, etoposide, prednisolone; L-ASP, L-asparaginase; PEG-ASP,
pegylated asparaginase; IMEP+L/P, ifosfamide, mesna, etoposide, prednisolone+L-asparaginase/peg-asparaginase; PR, par-
tial remission; CR, complete remission; PD, progressive disease; SD, stable disease.
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of AST, ALT, and t-bil compared to the L-ASP group (AST,
p=0.036; ALT, p=0.034; and t-bil, p < 0.001) (S3 Fig.).

3. Length of hospital stay and dose profile of chemother-
apy

We compared the length of hospital stay and number of
visits to the ER between the L-ASP and PEG-ASP groups
after each cycle of chemotherapy. The number of ER visits
was not significantly different between the two groups. Five
patients received 13 cycles of IMEP plus PEG-ASP at an out-
patient clinic leading to significantly shorter hospital stays
in PEG-ASP group compared to L-ASP group (median, 4.0
days vs. 6.0 days; p=0.002) (Table 3).

In order to investigate the effect of asparaginase-related
toxicity on the dose profile of chemotherapy, we analyzed
the number of cycles with reduced doses, the amount of dose
reduction, and the number of completed injections of L-ASP
or PEG-ASP according to the planned treatment course. The
number of cycles with reduced doses and the amount of dose
reduction did not show any significant difference between
the two groups. Native E. coli L-ASP was given according to
the planned treatment course in only 62 cycles (80.5%),
whereas PEG-ASP was given according to the planned treat-
ment course in all cycles (p < 0.001). Native E.coli L-ASP was
incompletely injected in 15 cycles due to toxicities and intol-
erance (S4 Table).

4. Clinical outcomes and survival analysis

Thirty-nine patients were eligible for response evaluation.
The PEG-ASP group showed a tendency towards better clin-
ical outcome compared to the L-ASP group in NTCL. Five
patients (23.8%) in the L-ASP group and four patients (22.2%)
in the PEG-ASP group achieved a PR after chemotherapy.
The number of patients who achieved a CR was different 
between the two groups, although the difference was not sta-
tistically significant: 10 patients (47.6%) in the L-ASP group
and 14 patients (77.8%) in the PEG-ASP group. Although five
patients (23.8%) in L-ASP group showed disease progression,
none in PEG-ASP group showed disease progression during
the follow-up period (Table 4).

After a median follow up of 23.3 months (range, 1.3 to 46.7
months), median PFS and OS were not significantly different
between the two groups regardless of the Ann Arbor stage
in patients who received the first-line IMEP plus L-ASP or
PEG-ASP (S5 Fig.). High IPI, KPI, and PINK/E scores 
reduced survivals in NTCL patients (S6 Fig.).  

Discussion

Our results show that native E. coli L-ASP and PEG-ASP
showed a similar frequency of asparaginase-related toxicity
in combination with IMEP in NTCL. Hypofibrinogenemia
was the only asparaginase-related toxicity that differed in
frequency between the L-ASP and the PEG-ASP groups.
However, the toxicity patterns were significantly different in
the two groups. After the first cycle of IMEP plus PEG-ASP,
patients displayed significantly elevated levels of AST, ALT,
ALP, and t-bil whereas the level of albumin decreased sig-
nificantly. Patients who received IMEP plus PEG-ASP
seemed to have a significantly shorter length of hospital stay
compared to IMEP plus L-ASP. IMEP plus PEG-ASP also
showed a trend towards better clinical outcomes compared
to IMEP plus L-ASP in NTCL.

PEG-ASP was first approved in 1994 for use in ALL 
patients who had developed hypersensitivity to native E. coli
L-ASP [27]. PEG-ASP is potentially less immunogenic than
native E. coli L-ASP and has a longer half-life, which allows
one injection of PEG-ASP to replace multiple injections of 
native E. coli L-ASP. However, PEG-ASP is also associated
with significantly higher median nadir serum asparaginase
activity levels compared to native E. coli L-ASP [16]. Since
toxicities such as hyperglycemia and thrombosis are caused
by asparagine depletion [28,29], there have been concerns
that asparaginase-related toxicity could occur more fre-
quently with PEG-ASP, and that toxicities may last longer
due to the longer half-life of this preparation. In our study,
the frequency of asparaginase-related toxicity was not sig-
nificantly different between the L-ASP and PEG-ASP groups,
except for hypofibrinogenemia, which occurred more fre-
quently in the L-ASP group. Our study results were similar
to the results of a phase 3 trial that compared native E. coli
L-ASP with PEG-ASP in childhood ALL as a part of the post-
induction regimen [16].

Although the changes in levels of hepatic enzymes, biliru-
bin, and albumin before and after chemotherapy were simi-
lar between two groups, the pattern of asparaginase-related
toxicity was significantly different between the L-ASP and
PEG-ASP groups after the first cycle. Patients displayed sig-
nificantly elevated levels of AST, ALT, ALP, and t-bil, and a
decrease in albumin levels after the first cycle of IMEP plus
PEG-ASP. If a patient experienced significant hepatotoxicity
due to increased AST, ALT, ALP, and t-bil levels or the 
decrease in albumin and fibrinogen, the subsequent cycle of
chemotherapy would be delayed until the patient recovered
from the toxicities. This could be an important point to con-
sider when choosing the preparation of asparaginase because
sustained asparagine depletion is more affected by dose 
intervals than by the dose per se, due to the anti-leukemic 

Cancer Res Treat. 2018;50(3):670-680

678 CANCER  RESEARCH  AND  TREATMENT



effect, which is dependent on the duration of asparagine 
depletion [15]. However, the frequency of asparaginase-
related toxicities in a total of 131 cycles between L-ASP and
PEG-ASP did not show a significant difference except hyper-
glycemia and allergy which occurred more frequently in 
L-ASP group. 

In our study, some patients were able to receive IMEP plus
PEG-ASP at an outpatient clinic which enabled PEG-ASP to
significantly shorten the length of hospital stay, without 
increasing the number of visits to the ER, as compared to 
L-ASP. However, it was easier to adjust the schedule and
dose of native E. coli L-ASP when toxicity occurred, as native
E. coli L-ASP was given on multiple days, whereas PEG-ASP
was only given on day 1 of each cycle. In our study, native
E. coli L-ASP was given in combination with IMEP, according
to the planned treatment course in only 62 cycles, whereas
PEG-ASP was given in combination with IMEP according to
the planned treatment course in all cycles. A tendency 
towards more favorable outcome was shown in IMEP plus
PEG-ASP, compared to IMEP plus L-ASP, with regard to the
CR rate.

The current study had several limitations. Firstly, it only
included a small number of patients, which makes it difficult
to apply the results of this study to a general NTCL popula-
tion. Secondly, it was a retrospective study and the choice of
asparaginase preparation was made by the primary physi-
cian. This could have created selection bias in the study 
results. However, when considering that the incidence of
NTCL only accounts for 6.3% of all non-Hodgkin’s lym-
phoma in Korea, it is not easy to conduct a prospective trial
with an adequate number of patients. Moreover, since the
two groups of NTCL patients had similar baseline clinical
characteristics and received the same IMEP regimen, the dif-
ference in toxicity was mostly dependent on the asparaginase
preparation. Despite these limitations, this is the first study
to report that the toxicity patterns of IMEP plus L-ASP and
IMEP plus PEG-ASP are different after the first cycle of
chemotherapy. Moreover, because reports of asparaginase-

related toxicities of L-ASP compared with PEG-ASP in NTCL
populations are lacking, the results of the current study are
highly valuable. Lastly, the pharmacoeconomic implications
of the two drugs, such as length of hospital stay, is clearly
shown in the current study.

In conclusion, the frequency of asparaginase-related toxi-
city did not differ between the L-ASP and PEG-ASP groups
in NTCL patients, except for hypofibrinogenemia, which 
occurred more frequently in patients taking L-ASP. The level
of change in AST, ALT, ALP, t-bil, and albumin after chemo-
therapy was also similar between the two groups. IMEP plus
PEG-ASP is more convenient than IMEP plus L-ASP for 
patients, because it can be given at an outpatient clinic which
seemed to significantly shorten the length of hospital stay
without increasing the number of visits to the ER. IMEP plus
PEG-ASP also showed a tendency towards favorable clinical
outcomes in terms of CR rate. Therefore, PEG-ASP is effec-
tive to a similar extent, and no more toxic than native E. coli
L-ASP when used as a part of chemotherapy regimen with
IMEP in NTCL, and is also associated with shorter hospital
stays. Based on the results of this current study, IMEP plus
PEG-ASP might be feasible as a front-line treatment of
NTCL.
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Patient’s Cognitive Function and Attitudes towards Family 
Involvement in Cancer Treatment Decision Making: 
A Patient-Family Caregiver Dyadic Analysis
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Purpose
Older patient populations commonly have cognitive impairment, which might impact deci-
sional capacity. We examined patients and family caregivers preferences for family involve-
ment in treatment decision making assuming different level of cognitive impairment, and
sought to explore the factors associated with the preferences and the degree to which 
patients and family members agree on preferences. 

Materials and Methods
A total of 358 elderly cancer patient and caregiver dyads were recruited from the 11 cancer
centers in Korea and were asked to express their preferences for family involvement in treat-
ment decision making using hypothetical scenarios with three different levels of cognitive
status (intact, mild impairment, and severe impairment).

Results
Both patients and family caregivers preferred greater family dominance in treatment deci-
sion making with the increasing the level of cognitive impairment (39.7%, 60.9%, and 86.6%
for patients and 45.0%, 66.2%, and 89.7% for caregivers in each scenarios). Patient and
family caregiver concordance in decisional control preference was small for all three sce-
narios (weighted =0.32, =0.26, and =0.36, respectively). Higher patient education was
associated with preference for patient dominance in treatment decision in conditions of
both mild and severe cognitive impairment. The association of higher patient education and 
patient-caregiver preference concordance was positive with intact cognition, while it was
negative with severe cognitive impairment. 

Conclusion
Decision control preferences were affected by hypothesized cognitive status of the patients.
Findings from our study would be helpful to develop effective strategy for optimizing family
involvement in cancer treatment decision in the context of deteriorating cognitive function
of the patients.
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Introduction

The ability to engage in the process of medical decision
making is contingent on a patient’s capacity to understand
and use medical information to make treatment decisions
consistent with one’s values and preferences [1]. While cog-
nitive function is an important component of capacity, with
the exception of end-of-life decisions [2,3], relatively little 
research has focused on how patients and family members
approach treatment decisions under conditions of cognitive
impairment.

Older patient populations commonly suffer some degree
of cognitive impairment (CI) as a result of the normal aging
process and comorbid medical conditions, as well as the 
potentially transitory effects of dehydration, medication side
effects, anxiety, and depression. These patients are also at
high risk for a cancer diagnosis; studies report that between
24% and 38% of elderly cancer patients have CI [4,5]. This 
impairment is likely to diminish decision making capacity at
diagnosis, and late effects of cancer treatment (e.g., brain 
irradiation or chemotherapy [6-8]), is likely to further affect
subsequent medical decisions. 

While cancer treatment decision making is challenging for
everyone, elderly patients face the additional burden of
choosing among treatment options with diminished cogni-
tive capacity and their families struggle with how best to
support and protect them. This study was designed to con-
tribute to the small literature in this area by examining pref-
erences and agreement for family involvement in treatment
decision making from the perspective of patients and family
caregivers when presented with treatment scenarios in which
a patient has no, mild, or severe cognitive impairment. We
also sought to explore the factors associated with preferences
for patients' active participation in treatment decision mak-
ing and the degree to which patients and family members
agree on preferences.  

Materials and Methods

1. Study participants 

Cancer patients 60 years or older and their caregivers were
eligible for the the 2014 Cancer Patient Experience (CaPE)
Survey, a nationwide, multicenter survey of the experience
of cancer patients and their caregivers. We recruited partici-
pants from the National Cancer Center and other 10 regional
cancer centers in Korea. Patients accompanied by family
caregivers in outpatient waiting areas were recruited by

trained research assistants who explained the survey pur-
pose and procedures. Inclusion criteria for patients were as
follows: (1) age 60 or older, (2) diagnosis of stomach, lung,
or colorectal cancer, (3) currently receiving cancer treatment
or follow-up care, and (4) in sufficient physical and mental
health to complete the study questionnaire as judged by the
trained research assistants. Patients who were diagnosed
with dementia were excluded from the study. 

After patients agreed to participate in the survey, adult
family caregivers (age  18) accompanying the patient to
their cancer visit were also asked to participate in the survey. 
Patients and family members were instructed to complete
the questionnaires independently and shown to separate
areas of the waiting room to avoid consultation. For this
study, we used patient-caregiver linked data. 

2. Measures 

Patients and family members were asked to express their
preferences for family involvement in cancer treatment 
decision making using hypothetical scenarios with three dif-
ferent levels of cognitive status (intact, mild impairment, and
severe impairment). As in previous studies [2,3,9,10], a mod-
ification of the Decision Control Preferences Scale [11] was
used to examine patient and family decisional control pref-
erences. The response categories included: 1 (the patient
makes the treatment decision on his/her own); 2 (the patient
makes the treatment decision after hearing the family’s opin-
ion); 3 (the family makes the treatment decision after hearing
the patient’s opinion); and 4 (the family makes the treatment 
decision on their own). A pilot test with 10 patient-family
member dyads confirmed that the questions and response
options were clearly understood by the subjects.

Response options were on a 4-point ordinal scale reflecting
the theoretical position that decision-making is unlikely to
be equally shared [12] and the tendency of Asian respon-
dents to choose a middle response style [13]. Respondents
were asked to respond to three versions of the following
question: “What do you think the desirable level of family
involvement is in deciding your (patient version) or the 
patient’s (caregiver version) cancer treatment when you 
(patient version) or the patient (caregiver version) has ([first
ending] intact cognition) ([second ending] mild cognitive 
impairment) ([third ending] severe cognitive impairment). 

Socio-demographic and medical information was obtained
from study participants and the medical records of the 
patients were reviewed to collect information on American
Joint Committee on Cancer (AJCC) cancer stage, treatmens,
and other medical information. 
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3. Statistical analyses 

Patient and family caregiver responses to the decision pref-
erence questions were arrayed and examined by Friedman
test to determine if there is difference in distribution between
the dyads and between the different hypothetical scenarios
(intact vs. mild impairment and mild vs. severe impairment).
Next, we evaluated patient-family caregiver agreement on
decisional control preference when presented with scenarios
for intact cognition, mild impairment, or severe impairment
by calculating percent agreement and kappa scores. Cases
with missing response of either patients or family caregiver
were excluded from the denominator. We also explored the
association between patient and family caregiver character-
istics and decisional control preferences with multivariate 
logistic regression, by dichotomizing responses into active
patient (patient lead) or active family (family lead) as was
done in previous studies [2,9]. All data analyses were con-
ducted using STATA ver. 14.0 (StataCorp., College Station,
TX). 

4. Ethical statement

The study was approved by the Institutional Review Board
of National Cancer Center (IRB No. NCCNCS13787) and per-
formed in accordance with the principles of the Declaration
of Helsinki. Written informed consents were obtained.

Results

1. Subject characteristics

A total of 358 patient and caregiver dyads enrolled in the
study and completed provided complete survey information.
Patients were on average 71 years of age, and 62% were male
and slightly less than one-third had at least a college educa-
tion (Table 1). Of total, 42.5% and 38.5% were stomach and
colorectal cancer patients and disease was staged as AJCC
stage I (42.5%), II (17.3%), III (35.8%), and IV (1.7%). More
than half of the patients (54.2%) were diagnosed within 1
years of the survey date, and most received surgery (85.2%).
Family caregivers were predominantly spouses (50.8%) and
adult children (46.7%) and two-thirds of patients lived with
their family caregiver. 

2. Decision control preferences and cognitive status 

As displayed in Fig. 1, there were significant differences in
decision control preferences across levels of cognitive impair-

Table 1. Characteristics of patient-caregiver dyads 
Patient characteristic No. (%) (n=358)  
Age, mean±SD (yr) 71.1±6.2
Sex

Male 222 (62.0)
Female 136 (38.0)

Educational status
High school or less (< 12 yr) 248 (69.3)
College and above ( 12 yr) 110 (30.7)

Income status
< 2 million KRW 263 (73.5)
 2 million KRW 79 (22.1)
Missing 16 (4.5)

Health insurance status
National Health Insurance 347 (96.9)
Medical aid 9 (2.5)
Others 2 (0.6)

Cancer type
Stomach 150 (42.5)
Lung and bronchus 68 (19.0)
Colorectal 138 (38.5)

AJCC cancer stage
I 162 (45.3)
II 62 (17.3)
III 128 (35.8)
IV 6 (1.7)

Time since diagnosis, mean±SD (yr) 1.1±0.6
< 1 yr 194 (54.2)
1-2 yr 153 (42.7)
> 2 yr 11 (3.1)

Treatment received
Surgery 305 (85.2)
Chemotherapy 175 (49.3)
Radiotherapy 53 (15.4)

Caregiver characteristics
Age, mean±SD (yr) 56.0±13.7
Sex

Male 119 (33.2)
Female 239 (66.8)

Educational status
High school or less (< 12 yr) 242 (67.7)
College and above ( 12 yr) 115 (32.1)
Missing 1 (0.3)

Income status
< 2 million KRW 171 (47.8)
 2 million KRW 177 (49.4)
Missing 10 (2.8)

VOLUME 50 NUMBER 3 JULY 2018  683

(Continued to the next page)



ment; moreover, these differences were largely consistent for
both patients and caregivers. More specifically, when con-
sidering treatment decisions under circumstances of intact
cognitive function, 35% patients (n=125) and 36.0% care-
givers (n=129) preferred that patients lead with input from
family members while patients were more likely than care-
givers to prefer that decisions are patient directed (25%
[n=90] vs. 18% [n=66]) while caregivers were more likely to
prefer that decisions were family lead with patient input than
patients (39% [n=139] vs. 30% [n=108]). Under the condition
of mild cognitive impairment, 45% (n=162) of patients and
55% (n=196) of caregivers preferred the family lead decisions
with patient input. Finally, under the condition of severe cog-
nitive impairment, the majority of patients (57% [n=207] and
49% [n=177]) of caregivers preferred to have the family make
treatment decisions. A sizeable minority of patients (29%,
n=103) and caregivers (40%, n=144) thought that families
should lead these decisions with patient input.

3. Concordance among responses

Percentage agreement between patients and caregivers in
responses to each scenario were 46.5%, 49.0%, and 60.8%, 
respectively. The weighted kappa reflecting patient and fam-
ily caregiver concordance in decisional control preference
was small but statistically significant for all three scenarios
(=0.32, =0.26, and =0.36, respectively) (Table 2). 

Cancer Res Treat. 2018;50(3):681-690

Fig. 1. Distribution of patient and caregiver responses to decision control preferences question by patients’ hypothetical
cognitive status. There was no significant difference in the level of decision control preference between patient and caregivers
for all three scenarios (p > 0.05). There was significant difference in the level of decision control preference between scenarios
(scenario 1 vs. scenario 2 and scenario 2 vs. scenario 3, p < 0.05, respectively).

Scenario 1: Intact cognition
Scenario 2: Mild impairment in cognition
Scenario 3: Severe impairment in cognition
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Table 1. Continued 

SD, standard deviation; KRW, Korean won; AJCC, Ameri-
can Joint Committee on Cancer. 

Patient characteristic No. (%) (n=358)  
Relationship to the patients

Spouse 182 (50.8)
Adult children 167 (46.7)

Son 69 (19.3)
Daughter 63 (17.6)
Daughter in law 32 (8.9)
Son in law 3 (0.8)

Brother/Sister 9 (2.5)
Caregiving duration

Mean±SD 1.7±2.8
< 1 yr 206 (60.4)
1-2 yr 100 (29.3)
> 2 yr 35 (10.3)
Missing 17 (4.4)

Living with the patients
Yes 226 (63.1)
No 131 (36.6)
Missing 1 (0.3)
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4. Patient and Caregiver factors associated with decision
control preferences 

As reflected in Table 3, older patients preferred less active
participation in treatment decisions under conditions of 
intact cognition and mild impairment. Patients with higher
levels of education preferred to dominate or lead decisions
in contrast to less educated patients in conditions of both
mild and severe CI with an odds ratio (OR) of 1.82 and 3.05,
respectively. 

Also displayed on Table 3 are two findings related to 
patient and caregiver agreement on decisional preferences.
Higher education of patients was significantly associated 
patient-caregiver preference concordance when intact cogni-
tion was assumed; however, the association changed direc-
tion under conditions of severe CI such that the more highly
educated the patient, the lower the agreement with care-
givers regarding decisional preferences. Interestingly, more
highly educated caregivers also preferred greater levels of
patient decisional control under circumstances of severe 
impairment relative to less well educated caregivers (OR,
2.98).  

Discussion

In this nationwide study of 358 cancer patients and their
family caregivers, we systematically investigated preferences
for family involvement in cancer treatment decision making
when presented with scenarios across conditions of cognitive
status. Under conditions of intact cognitive function, patients
relative to caregivers were more likely to endorse patient 
directed decision making and less likely to endorse family
led decisions. Both patients and family caregivers expressed
a preference for greater family dominance in treatment deci-
sion making as the level of CI increased. While roughly half
of patients and caregivers expressed a preference for the fam-
ily to lead decisions, with patient input, under conditions of
mild impairment, roughly 30% of both patients and care-
givers preferred that patients lead decisions, with family
input. In contrast, under the condition of severe impairment,
about half of both patients and caregivers preferred that 
decisions be family directed; in this instance, however some
30% of patients and 40% of caregivers thought that family
should lead the decision with patient input. 

It seems quite natural that family take over the treatment
decisions when CI is severe and likely to hinder decision
making capacity [14], and is consistent with the findings
from an observational study in which dementia family care-
givers took a dominant or exclusive role in treatment deci-

sions as cognitive function declined [15,16]. 
Between 46% and 61% of patient and family dyads agreed

on decision control preferences across scenarios, suggesting
that a failure to agree is common and could be a source of
family conflict, as has been observed in geriatric studies [17].
It is well known that family caregivers do not have an accu-
rate sense of patients’ values and preferences [1]; further-
more, the agreement rates found in this study are com-
parable to ultrasonographic findings of patient and family
caregiver agreement on preferences for family involvement
in decision making when considering conditions in which
the patient is conscious (56%) or unconscious (46%) [2]. 

While patients appear to recognize the need for the family
to lead treatment decisions under conditions of cognitive 
deterioration, many patients express a preference for contin-
ued involvement in making decisions about their own treat-
ment and care [1,18,19]. Despite preferences to the contrary,
actual involvement is often limited even at levels of mild 
impairment with family caregivers directing treatment deci-
sions without patient input in consultation with physicians
[18,20]. In some cases patients are excluded from participat-
ing in decisions because caregivers believe they are reducing
patient burden and a source of distress [21], although a num-
ber of studies suggest that people with CI are usually able to
communicate their values and preferences and can be active
participants in treatment decisions [16,22]. Other studies sug-
gest that some persons with dementia fear their future cog-
nitive decline and subsequent loss of autonomy, and avoid
involvement in treatment decisions [23,24], perhaps as a self-
protective mechanism [16].

Health care providers often rely on family members to
make treatment and care decisions for patients with cogni-
tive impairment, but current legal and ethical standards (e.g.,
The Mental Capacity Act 2005 in England and Wales) requires
the safeguarding of the rights of people with limited capac-
ity to make their own decisions for as long as possible [21].

Our study found that younger and more highly patients
preferred greater decisional control, consistent with previous
studies similarly finding that younger and better educated
dementia patients remain involved in treatment decisions
[15,18]. Female gender of caregiver was associated with pref-
erence for greater involvement of patients in treatment deci-
sions, while male gender of the patients was negatively
associated with it with marginal statistical significance. Such
conflicting direction of influence of gender on treatment 
decisions involvement was also noted in previous studies
[18,25], and may reflect the traditional gender role in house-
holds in which most medical decisions are made by male
[16]. Spouse caregivers showed some non-significant trends
toward more active patient engagement in decision making,
also consistent with previous studies with dementia [18,25].
Consistency with previous empirical studies, we believe that
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the hypothetical scenarios presented in the current study are
likely to reflect actual practice. 

One interesting finding of our study was that higher edu-
cation of patients was associated with higher agreement in
intact scenario, but changed to higher disagreement in CI sce-
narios. Patients with higher education tend to actively par-
ticipate in the decision, and their wish agree with the family
caregivers general willingness to involve them in treatment
decisions [25]. However, patients want to remain involved
in treatment decisions even when their cognitive function 
declines, while caregivers want to take a custodial role under
this circumstance. 

The clinical implications of our findings are that providers
need to anticipate transitions in decisional preference among
patients and their caregivers as cognitive status declines and
that they may be able to support their patients and their fam-
ilies during this period in a variety of ways. First, screening
and periodic assessment of CI using validated instruments
to assess capacity, such as MacArthur Competency Assess-
ment Tool for Treatment (MacCAT-T) [1,26], carries informa-
tion that patients and their family caregivers want and need
as they consider transitions in cognitive status and what that
might mean for how treatment decisions are made. This is
critically important since estimates of patients’ decisional 
capacity only weakly correlates with objective assessment [1]
and a determination of decisional capacity can achieve the
proper balance between patient autonomy and best interest. 

Second, clinicians can help patients and family caregivers
to involve patients as much as possible by using simple lan-
guage, repeating key points, asking targeted questions and
obtaining verbal feedback about their understanding. Family
caregiver can be also helped by information, emotional sup-
port, or communication skill training. Several interventions
have been shown to be effective in improving the shared 
decision-making process among dyads of patients with 
dementia and their family caregivers [27-29]. 

Finally, the study findings indicate the need for regular 
assessments of patients’ values and preferences to improve
communication about treatment decisions within the patient-
caregiver dyad from the early stages of cognitive impair-
ment. CI in elderly cancer patients is usually progressive and
can change rapidly due to complications from cancer or its
treatment underscoring the need to discuss issues such as the
goals of care, treatment preference, advance directives and
surrogate decision makers while the patient still has capacity. 

Several methodological limitations are noteworthy. First,
the elderly cancer patients who were accompanied by family
caregivers may be different in sociodemographic character-
istics (e.g., age, education, and health status) than patients
who chose not to participate or were not accompanied by a
caregiver. These differences could influence their decisional
control preferences. Secondly, we did not consider the issue

of multiple caregivers who may share caregiving tasks and
participate in treatment decisions. Third, our analytic frame-
work was focused on dyadic relationship between patients
and family caregivers, and did not consider the clinicians
who are also important stakeholders in treatment decisions.
Fourth, our study is based on scenarios and preferences 
expressed in response to hypothetical situations which may
differ from those made under actual circumstances. Never-
theless, it is likely that the patients who show a preference
for greater decisional involvement will be more involved in
actual treatment decisions [30]. Moreover, all advance care
planning needs to be based on the use of hypothetical situa-
tions by their very nature. Fifth, while our study is geograph-
ically nationwide, we could not determine representati-
veness of our sample as we could not collect information on
the non-participants. However, participation rates in the
CaPE surveys conducted in similar settings in previous years
were estimated to be between 70% and 80%. Finally, our
study was conducted in South Korea, which has a tradition
of Confucianism that individuals defer to the family in mat-
ters that consider the well-being of all members of a family.
While a number of findings are consistent with those 
reported in Western studies, the generalizability across cul-
tures should be further investigated. 

Elderly patients now comprise the majority of cancer 
patient population in developed countries and are fast grow-
ing in developing countries. CI is common and may compli-
cate treatment decision making process and threat patient
autonomy. However, unfortunately, few guidelines are
available for clinicians to guide treatment decision making
of the elderly cancer patients with CI and their family care-
givers. Findings from our study would be helpful to develop
effective strategy for optimizing family involvement in can-
cer treatment decision in the context of deteriorating cogni-
tive function of the patients. 
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Purpose
Crizotinib has demonstrated superior progression-free survival (PFS) and objective response
rates (ORRs) versus chemotherapy in previously treated and untreated patients with
anaplastic lymphoma kinase (ALK)-positive advanced non-small cell lung cancer (NSCLC).
We report the safety and efficacy of crizotinib in Asian subpopulations of two global phase
III trials. 

Materials and Methods
This analysis evaluated previously treated and untreated patients in two randomized, open-
label phase III trials of crizotinib versus chemotherapy in ALK-positive advanced NSCLC in
second-line (PROFILE 1007) and first-line settings (PROFILE 1014). Efficacy and safety were
analyzed by race in the intention-to-treat and “as-treated” populations for efficacy and safety
endpoints, respectively. 

Results
In previously treated (n=157) and untreated (n=157) Asian patients, PFS was statistically
significantly longer with crizotinib versus chemotherapy (hazard ratio for PFS, 0.526; 95%
confidence interval, 0.363 to 0.762; p < 0.001 and hazard ratio, 0.442; 95% confidence
interval, 0.302 to 0.648; p < 0.001, respectively). Similar antitumor activity was seen in the
non-Asian and overall populations. ORRs were statistically significantly higher with crizotinib
versus chemotherapy in both Asian and non-Asian previously treated and untreated patients 
(p < 0.05). The most common treatment-emergent adverse events (any grade) with crizotinib
were vision disorder, diarrhea, and nausea, which were observed at a comparable incidence
across Asian and non-Asian populations, irrespective of previous treatment status. Most
adverse events were mild to moderate in severity.

Conclusion
These data, currently the only analysis showing Asian and non-Asian populations in the
same study, support the efficacy and safety of crizotinib in Asian patients with previously
treated or untreated ALK-positive advanced NSCLC. 

Key words
Asia, Carboplatin, Cisplatin, Crizotinib, 
Non-small cell lung carcinoma, Pemetrexed 

Makoto Nishio, MD1

Dong-Wan Kim, MD, PhD2

Yi-Long Wu, MD3

Kazuhiko Nakagawa, MD, PhD4

Benjamin J. Solomon, MB, BS, PhD5

Alice T. Shaw, MD, PhD6

Satoshi Hashigaki, MSc7

Emiko Ohki, PhD7

Tiziana Usari, BSc8

Jolanda Paolini, BSc8

Anna Polli, BS8

Keith D. Wilner, PhD9

Tony Mok, MD10

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

Correspondence: Makoto Nishio, MD 
Thoracic Oncology Center, The Cancer Institute
Hospital of JFCR, 3-8-31 Ariake, Koto-ku, 
Tokyo 135-8550, Japan 
Tel: 81-3-3520-0111
Fax: 81-3-3520-0141
E-mail: mnishio@jfcr.or.jp 

Received  June 10, 2017
Accepted  July 3, 2017
Published Online  July 6, 2017

1Thoracic Oncology Center, The Cancer 
Institute Hospital of JFCR, Tokyo, Japan,
2Seoul National University Hospital, 
Seoul, Korea, 3Guangdong Lung Cancer 
Institute, Guangdong, China, 
4Kindai University, Osaka, Japan, 
5Peter MacCallum Cancer 
Centre, Melbourne, Australia, 
6Massachuses General Hospital, Boston,
MA, USA, 7Pfizer Oncology, Tokyo, Japan,
8Pfizer Oncology, Milan, Italy, 
9Pfizer Oncology, La Jolla, CA, USA, 
10State Key Laboratory of South China, 
Hong Kong Cancer Institute and The Chinese
University of Hong Kong, Shatin, China  



Cancer Res Treat. 2018;50(3):691-700

Introduction

Approximately 3% to 5% of all patients with non-small cell
lung cancer (NSCLC) harbor a rearrangement of the anaplas-
tic lymphoma kinase (ALK) gene, resulting in an oncogene
that codes for ALK fusion proteins such as echinoderm 
microtubule-associated protein-like 4ALK, which promotes
tumor cell growth. The incidence of ALK-positive NSCLC is
similar among Caucasian and Asian populations [1-3]. 
Although this subset represents only a small proportion of
the overall NSCLC population, the number still translates
into approximately 40,000 patients worldwide per year [4].
Crizotinib is a first-in-class, oral, small-molecule tyrosine 
kinase inhibitor of ALK, ROS1, and cMET kinases that was
approved by the U.S. Food and Drug Administration (FDA)
in 2011 for the treatment of patients with locally advanced
or metastatic NSCLC who test positive for the ALK fusion
gene, as detected by an FDA-approved test. In 2016, the FDA
further approved crizotinib for patients with metastatic
NSCLC whose tumors are ROS1 positive. Crizotinib also 
received approval in the European Union for the first-line
treatment of adults with ALK-positive advanced NSCLC or
in previously treated patients, as well as for the treatment of
adults with ROS1-positive advanced NSCLC. 

A series of clinical trials have shown and confirmed the 
efficacy and safety of crizotinib in patients with ALK-positive
advanced NSCLC. Named the PROFILE series, these trials
consist of a phase I dose-escalation study in an array of can-
cer indications, including ALK-positive advanced NSCLC
(PROFILE 1001 [5,6]), a phase II study evaluating patients
with ALK-positive advanced NSCLC (PROFILE 1005 [7]),
and three phase III trials assessing crizotinib use in ALK-pos-
itive advanced NSCLC, in both second-line (PROFILE 1007
[8]) and first-line settings (PROFILE 1014 [9] and PROFILE
1029 [10]). In these studies, crizotinib has established a con-
sistent safety profile, with the most common adverse events
(AEs) of visual disturbances, gastrointestinal effects, and 
elevated liver aminotransferases [7-9]. 

In randomized trials involving patients with ALK-positive
advanced NSCLC (PROFILE 1007, PROFILE 1014, and PRO-
FILE 1029), crizotinib has demonstrated efficacy superior to
that of single-agent chemotherapy with pemetrexed or doc-
etaxel in previously treated patients [8], and to pemetrexed
plus platinum chemotherapy in previously untreated multi-
national [9] and Asian patients [10]. 

Across the PROFILE series, Asian patients have been well
represented, accounting for 45% and 46% of the overall pop-
ulation in PROFILE 1007 and PROFILE 1014, respectively,
and 100% in PROFILE 1029 [8-10]. Higher objective response
rates (ORRs) have been frequently reported in Asian patients
than in non-Asian patients [5,11]. 

Data from the phase III trial in the first-line setting with
only Asian patients (PROFILE 1029) have been previously
presented [10]. This report focuses on the results of multina-
tional phase III trials that included Asian and non-Asian 
patients, in both the second-line (PROFILE 1007) [8] and the
first-line (PROFILE 1014) [9] settings, to further evaluate the
efficacy and safety profile of crizotinib in the Asian popula-
tion.  

Materials and Methods

Data from two randomized, open-label, phase III trials
comparing crizotinib with chemotherapy and ongoing at the
time of the analysis (PROFILE 1007 [8] [NCT00932893] and
PROFILE 1014 [9] [NCT01154140]) were analyzed. The 
detailed methodologies and primary results for both studies
have been previously published [8,9]. Each participating cen-
ter’s institutional review board or independent ethics com-
mittee approved these protocols. The studies complied with
the International Ethical Guidelines for Biomedical Research
Involving Human Subjects, Good Clinical Practice guide-
lines, the Declaration of Helsinki, and local laws. All patients
provided written informed consent before enrollment.

1. Study design and treatment

In PROFILE 1007, patients with ALK-positive advanced
NSCLC who had progressive disease following one prior
platinum-based chemotherapy regimen were randomly 
assigned, in a 1:1 ratio, to receive continuous oral crizotinib
at a dose of 250 mg twice daily in a 3-week cycle or intra-
venous chemotherapy, comprising either pemetrexed 
500 mg/m2 or docetaxel 75 mg/m2, every 3 weeks. Previ-
ously untreated patients with ALK-positive advanced
NSCLC were selected for the PROFILE 1014 study and were
randomized (1:1) to receive continuous oral crizotinib at a
dose of 250 mg twice daily or intravenous chemotherapy of
pemetrexed 500 mg/m2 plus a platinum agent (either cis-
platin 75 mg/m2 or carboplatin, target area under the curve
5-6 mg/mL/min) administered every 3 weeks. Randomiza-
tion was stratified in both studies according to Eastern 
Cooperative Oncology Group performance status (0 or 1 vs.
2) and presence or absence of brain metastases. Additional
stratification factors included prior or no prior therapy with
epidermal growth factor receptor tyrosine kinase inhibitors
for PROFILE 1007 and Asian or non-Asian race for PROFILE
1014.
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In both PROFILE studies:
- Treatment was continued (up to a maximum of six cycles

of chemotherapy in PROFILE 1014) until disease pro-
gression as defined by Response Evaluation Criteria in
Solid Tumors (RECIST) ver. 1.1 per independent radiol-
ogy review (IRR) was observed, development of unac-
ceptable toxicity, death, or withdrawal of consent. 

 Crizotinib treatment could be continued beyond disease
progression per IRR at the discretion of the investigator. 

 Patients in the chemotherapy groups who had RECIST-
defined disease progression, confirmed by IRR, were 
allowed to cross over to receive crizotinib. In PROFILE
1007, patients who crossed over were enrolled in a sep-
arate study (PROFILE 1005). In PROFILE 1014, patients
were allowed to cross over and remain in the study if
they met the safety eligibility criteria for crossover.

 The primary endpoint was progression-free survival
(PFS), as assessed by IRR, and secondary endpoints 
included the objective response, as assessed by IRR, and
safety.

2. Assessments

Tumor assessments were to be carried out every 6 weeks
during treatment until RECIST-defined disease progression
was documented by IRR. In PROFILE 1007, the brain was to
be included in subsequent tumor assessments if a patient had
brain metastases at baseline; otherwise, the brain was only
to be evaluated when clinically indicated. Repeat bone scans
were required every 12 weeks only if bone metastases were
present at baseline; otherwise, a repeat bone scan was 
required only if new bone metastases were suspected. In
PROFILE 1014, brain and bone scans were performed at
baseline and were repeated every 6 weeks for patients report-
ing brain or bone lesions at baseline or every 12 weeks to
monitor for new lesions in the other patients. Patients with
brain metastases were eligible if treated and neurologically
stable; untreated and asymptomatic patients with brain
metastases were also eligible in PROFILE 1007. In both stud-
ies, all scans were submitted for central IRR, who were 
unaware of the group assignments, and the data from IRR
were used to determine PFS and ORR. AEs were classified
and graded according to the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events ver. 4.0.

3. Statistical analysis

Efficacy endpoints were analyzed in the intention-to-treat
population (all randomized patients) in both studies. The 
Kaplan-Meier method was used to estimate time-to-event
endpoints. One-sided log-rank tests (stratified for baseline
factors in the overall populations of both studies and unstrat-

ified in the Asian and non-Asian subgroups) were used to
compare PFS between the crizotinib and chemotherapy
groups; Cox regression models were used to estimate hazard
ratios (HRs; stratified in the overall populations and unstrat-
ified in the Asian and non-Asian subgroups). The ORR 
between crizotinib and chemotherapy groups was compared
using a two-sided Pearson chi-square test. For the analyses
presented here, no adjustment of the type I error was made
for multiplicity. AEs were summarized in the “as-treated”
population in both studies that included all patients who 
received at least one dose of study drug. The statistical analy-
sis plans for both studies have been previously described
[8,9].

Results

1. Patients

Baseline patient and disease characteristics were well bal-
anced across randomized study groups and are summarized
in S1 Table. In addition, the baseline characteristics in both
studies were similar between Asian and non-Asian patients.
A total of 314 Asian patients were randomized across the two
studies (PROFILE 1007, 157/347 [45%]; PROFILE 1014,
157/343 [46%]). The majority of Asian patients were either
Korean (34%) or Japanese (32%), and the majority of non-
Asian patients were white (95%) (S1 Table). 

2. Efficacy

Overall, PFS, as determined by IRR, was significantly
longer with crizotinib than with chemotherapy in both stud-
ies (Fig. 1A and D). In previously treated Asian patients, the
HR for PFS with crizotinib was 0.526 (95% confidence inter-
val [CI], 0.363 to 0.762; p < 0.001); median PFS was 8.1 and
2.8 months in the crizotinib and chemotherapy groups, 
respectively (Fig. 1B). A comparable benefit was observed
for PFS with crizotinib in previously treated non-Asian 
patients (HR, 0.447; 95% CI, 0.304 to 0.655; p < 0.001); median
PFS was 7.1 months with crizotinib and 3.2 months with
chemotherapy (Fig. 1C). PFS was also significantly longer
with crizotinib than with chemotherapy in treatment-naïve
patients, both Asian (HR, 0.442; 95% CI, 0.302 to 0.648; 
p < 0.001; median PFS, 13.6 and 7.0 months, respectively) and
non-Asian (HR, 0.525; 95% CI, 0.363 to 0.760; p < 0.001; 
median PFS, 9.6 and 7.2 months, respectively) (Fig. 1E and F).

In both previously treated and untreated patients with
ALK-positive advanced NSCLC, comparable efficacy of
crizotinib versus chemotherapy was observed in both Asian
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Fig. 1.  Progression-free survival by independent radiology review for all previously treated patients (A); previously treated
Asian patients (B); previously treated non-Asian patients (C); all previously untreated patients (D); previously untreated
Asian patients (E); and previously untreated non-Asian patients (F). mPFS, median progression-free survival; CI, confidence
interval; HR, hazard ratio; ECOG PS, Eastern Cooperative Oncology Group performance status. a)Based on the Brookmeyer
and Crowley method, b)Based on the Cox proportional hazards model (assuming proportional hazards, an HR < 1 indicates
a reduction in hazard rate in favor of crizotinib; an HR > 1 indicates a reduction in hazard rate in favor of chemotherapy),
c)One-sided p-value from the log-rank test stratified by ECOG PS, brain metastases, and prior epidermal growth factor 
receptor tyrosine kinase inhibitor treatment (PROFILE 1007) or by ECOG PS, race, and brain metastases (PROFILE 1014),
d)One-sided p-value from the unstratified log-rank test. (Continued to the next page)
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and non-Asian patients, as well as in the overall population
(Table 1). As assessed by IRR, the ORRs in the intention-
to-treat populations were statistically significantly higher
with crizotinib than with chemotherapy, respectively, in both
previously treated (75% vs. 22%) and untreated (70% vs.
54%) Asian patients (p < 0.05). A similar effect was observed
in previously treated (57% vs. 18%, respectively) and 
untreated (78% vs. 37%, respectively) non-Asian patients 
(p < 0.001) (S2 Fig.). Objective responses among crizotinib-
treated patients were both rapid in onset (median time to res-
ponse, up to 6 weeks; coinciding with the first tumor
assessment per protocol) and durable (median duration of
response, 31 and 32 weeks in previously treated patients, 
respectively, and 42 and 54 weeks in previously untreated
patients, respectively) among Asian and non-Asian patients
(Table 1).

3. Safety

In the crizotinib group, the most common treatment-emer-
gent AEs of any cause (any grade) in previously treated or
untreated Asian and non-Asian patients, respectively, were
vision disorders (44%-79%), diarrhea (52%-70%), nausea
(45%-66%), vomiting (33%-62%), constipation (37%-51%), 
elevated transaminases (25%-49%), and edema (23%-55%).
In both studies, reported incidence rates of grades 1-2 AEs
across all populations and treatment groups were between

37% (lowest incidence rate [previously untreated non-Asian
patients in the crizotinib group]) and 53% (highest incidence
rate [previously treated Asian patients in the chemotherapy
group]).

Overall, the AE profiles of crizotinib among Asian pre-
treated and treatment-naïve patients were generally compa-
rable with those observed in the corresponding non-Asian
patients. However, AEs of elevated transaminases and 
decreased appetite were reported more frequently in Asian
patients than in non-Asian patients treated with crizotinib or
chemotherapy in both studies (Table 2). Among previously
treated patients, diarrhea, vomiting, and neutropenia were
more common in Asian patients treated with either crizotinib
or chemotherapy than in the non-Asian population. 

In PROFILE 1007, the median duration of treatment was
31 weeks with crizotinib and 12 weeks with chemotherapy.
Median duration of treatment in PROFILE 1014 was 47
weeks with crizotinib and 18 weeks with chemotherapy.
Overall, permanent discontinuation of crizotinib associated
with treatment-related AEs occurred at a similar rate in both
studies (6.4% and 4.7% for PROFILE 1007 and PROFILE 1014,
respectively). Rates of permanent treatment discontinuation
of crizotinib were higher among Asian than non-Asian 
patients in both studies (PROFILE 1007: 11.4% vs. 2.2%, 
respectively; PROFILE 1014: 6.5% vs. 3.2%, respectively). The
AE most frequently associated with permanent treatment
discontinuation of crizotinib was interstitial lung disease in
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2.3% (5.1% Asian vs. 0.0% non-Asian) and 1.2% (1.3% Asian
vs. 1.1% non-Asian) of patients in PROFILE 1007 and PRO-
FILE 1014, respectively. Other AEs associated with perma-
nent discontinuation in both studies included elevated
transaminases, hepatotoxicity, and nausea (S3 and S4 
Tables). 

Discussion

Crizotinib has demonstrated superior efficacy over stan-
dard chemotherapy in phase III studies of previously treated
and untreated patients with ALK-positive advanced NSCLC.
In comparison with chemotherapy, crizotinib significantly
prolonged PFS and increased ORRs. Responses in patients
treated with crizotinib were generally seen within up to 6
weeks of treatment initiation, irrespective of prior treatment

Cancer Res Treat. 2018;50(3):691-700

Asian patients Non-Asian patients All patients
Crizotinib Chemotherapya) Crizotinib   Chemotherapya) Crizotinib Chemotherapya)

PROFILE 1007 n=79 n=78 n=94                   n=96 n=173 n=174
Type of response

Complete response 1 (1) 0 ( 0 (                       0 ( 1 (1) 0 (
Partial response 58 (73) 17 (22) 54 (57)                17 (18) 112 (65) 34 (20)
Stable disease 10 (13) 28 (36) 22 (23)                35 (37) 32 (19) 63 (36)
Progressive disease 6 (8) 29 (37) 5 (5)                  31 (32) 11 (6) 60 (35)
Not evaluableb) 4 (5) 4 (5) 13 (14)                13 (14) 17 (10) 17 (10)

Objective response rate (%) 75 ( 22 ( 57 (                     18 ( 65 ( 20 (
95% CIc) 64-84 13-33 47-68                  11-27 58-72 14-26
p-valued) < 0.001 < 0.001       < 0.001

Duration of response (wk)e)                            
Median 31.0 24.4 32.1                     19.9 32.1 24.4
95% CIf) 23.1-42.3 15.0-NR 24.4-51.3            12.1-43.6 26.4-42.3 15.0-36.0

Time to response (wk)                            
Median 6.3 19 6.4                      11.9 6.3 12.6
Range 5.3-18.1 5.0-37.0 4.4-48.4              5.1-37.1 4.4-48.4 5.0-37.1

PROFILE 1014 n=77 n=80 n=95                   n=91 n=172 n=171
Type of response

Complete response 1 (1) 1 (1) 2 (2)                    1 (1) 3 (2) 2 (1)
Partial response 53 (69) 42 (53) 72 (76)                33 (36) 125 (73) 75 (44)
Stable disease 16 (21) 27 (34) 13 (14)                36 (40) 29 (17) 63 (37)
Progressive disease 5 (7) 8 (10) 3 (3)                  13 (14) 8 (5) 21 (12)
Not evaluableb) 2 (3) 2 (3) 5 (5)                    8 (9) 7 (4) 10 (6)

Objective response rate (%) 70 ( 54 ( 78 (                     37 ( 74 ( 45(
95% CIc) 59-80 42-65 68-86                  27-48 67-81 37-53
p-valued) 0.048 < 0.001     < 0.001

Duration of response (wk)e)                            
Median 54.3 18.6 42.0                     24.3 49.0 22.9
95% CIf) 42.1-NR 12.3-24.1 30.6-58.9            19.3-25.9 35.1-60.0 18.0-25.1

Time to response (wk)                            
Median 6.1 12.1 6.3                      12.1 6.1 12.1
Range 5.1-29.6 5.3-36.7 2.7-41.4              5.1-25.0 2.7-41.4 5.1-36.7

Table 1. Response to treatment in Asian and non-Asian patients

Values are presented as number (%) unless otherwise indicated. CI, confidence interval; NR, not reported. a)PROFILE 1007:
pemetrexed or docetaxel; PROFILE 1014: pemetrexed plus cisplatin or carboplatin, b)Could not be evaluated, including early
death and indeterminate, c)Using exact method based on F-distribution, d)p-value is from a two-sided Pearson chi-square
test, e)Kaplan-Meier estimate of duration of response, f)Based on the Brookmeyer and Crowley method.
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status, and durable [8,9].
These subgroup analyses have shown that the efficacy of

crizotinib in previously treated and untreated Asian patients
is consistent with that seen for non-Asian populations. Com-
parable PFS and ORRs for Asian and non-Asian patients
have been observed in both studies, although a higher ORR
was seen with crizotinib in the second-line setting among
Asian patients (ORR, 75%; 95% CI, 64 to 84) than among non-
Asian patients (ORR, 57%; 95% CI, 47 to 68), but the 95% CI
overlapped. 

The safety of crizotinib for Asian and non-Asian patients
was consistent with previous publications, exhibiting a dis-
tinct AE profile compared with chemotherapy and a low 
incidence of permanent treatment discontinuations. The
most common AEs observed with crizotinib included visual
impairment, diarrhea, nausea, vomiting and constipation, 
elevated transaminases, and peripheral edema, which were
commonly reported AEs across the Asian and non-Asian
populations in both studies. However, some AEs were 
reported with higher frequency for Asian than non-Asian 
patients in both studies, as noted below. 

In this subgroup analysis, AEs across both PROFILE 1007
and PROFILE 1014 were generally of low-grade severity
(grades 1-2), with a similar incidence of grades 3-4 AEs for
both Asian and non-Asian patients treated with crizotinib,
and were associated with few permanent treatment discon-
tinuations. 

However, the incidence of selected AEs for patients treated
with either crizotinib or chemotherapy was higher for the
Asian population than for the non-Asian population in pre-
viously treated patients. For example, gastrointestinal events,
such as diarrhea and vomiting, were observed at a higher fre-
quency ( 10%) in the Asian subgroup than in the non-Asian
subgroup of both treatment groups of PROFILE 1007. In con-
trast, the incidence of these AEs was similar in previously
untreated Asian and non-Asian patients, although the inci-
dence of constipation was higher among Asian patients in
PROFILE 1014. The higher incidence of AEs among Asian
patients than non-Asian patients noted in PROFILE 1007 is
consistent with previous reports for crizotinib [11] and
chemotherapy [12]. 

While patient and disease characteristics were well bal-
anced between the Asian and non-Asian subgroups across
both studies, neither PROFILE 1007 nor PROFILE 1014 was
designed or powered to support inferential analyses of these
subgroups. 

Notwithstanding previously noted limitations, the efficacy
and safety of crizotinib in Asian patients with ALK-positive
advanced NSCLC were comparable to those observed in
non-Asian patients, further supporting the use of crizotinib
in the Asian population. These studies, currently the only tri-
als that have included Asian and non-Asian populations in

the same study, provide evidence supporting the efficacy
and safety of crizotinib in Asian patients, both in the first-
line setting and in previously treated patients. 

Electronic Supplementary Material

Supplementary materials are available at Cancer Research and
Treatment website (http://www.e-crt.org).
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Pretreatment Serum Amyloid A and C-reactive Protein Comparing with
Epstein-Barr Virus DNA as Prognostic Indicators in Patients with 
Nasopharyngeal Carcinoma: A Prospective Study

Original Article

Purpose
The measuring Epstein-Barr virus (EBV) DNA is an important predictor of nasopharyngeal
carcinoma (NPC). This study evaluated the predictive value of pretreatment serum amyloid
A (SAA) and C-reactive protein (CRP) comparing with EBV DNA in patients with NPC.

Materials and Methods
In an observational study of 419 non-metastatic NPC patients, we prospectively evaluated
the prognostic effects of pretreatment SAA, CRP, and EBV DNA on survival. The primary end-
point was progress-free survival (PFS).

Results
The median level of SAA and CRP was 4.28 mg/L and 1.88 mg/L, respectively. For the high-
SAA group (> 4.28 mg/L) versus the low-SAA ( 4.28 mg/L) group and the high-CRP group
(> 1.88 mg/L) versus the low-CRP ( 1.88 mg/L) group, the 5-year PFS was 64.5% versus
73.1% (p=0.013) and 65.2% versus 73.3% (p=0.064), respectively. EBV DNA detection
showed a superior predictive result, the 5-year PFS in the EBV DNA  1,500 copies/mL
group was obviously different than the EBV DNA < 1,500 copies/mL group (62.2% versus
77.8%, p < 0.001). Multifactorial Cox regression analysis confirmed that in the PFS, the 
independent prognostic factors were including EBV DNA (hazard ratio [HR], 1.788;
p=0.009), tumour stage (HR, 1.903; p=0.021), and node stage (HR, 1.498; p=0.049), but
the SAA and CRP were not included in the independent prognostic factors.

Conclusion
The results of SAA and CRP had a certain relationship with the prognosis of NPC, and the
prognosis of patients with high level of SAA and CRP were poor. However, the predictive
ability of SAA and CRP was lower than that of EBV DNA.

Key words
Nasopharyngeal carcinoma, Serum amyloid A, C-reactive protein, 
Epstein-Barr virus, Survival analysis, Prognosis
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Introduction

Nasopharyngeal carcinoma (NPC) is endemic in Southern
China and Southeast Asia, which with a peak incidence of 50
cases per 100,000 [1]. Radiotherapy is the primary treatment
modality and concurrent chemoradiotherapy with or with-
out adjuvant chemotherapy is currently considered as the
standard treatment regimen for locoregionally advanced
NPC patients [2]. However, patients with similar histologic
classification and stages have demonstrated remarkably dif-
ferent survival outcomes because of the heterogeneity of the
protein expression profiles [3,4]. Various studies have 
attempted to discover molecular biomarkers to predict the
behaviour of NPC, and numerous promising biomarkers
have been evaluated as potential prognosis predictors of
NPC. Among them, Epstein-Barr virus (EBV) DNA is current
the best index to predict the prognosis of NPC and it is
widely used in clinical application [5].

A previous study showed that chronic inflammation is a
key contributor to cancer development and progression [6].
Serum amyloid A (SAA) and C-reactive protein (CRP) are
both inflammatory factors and nonspecific, acute-phase, 
hepatic proteins secreted in response to cytokines [7]. At
present, investigations have showed that SAA and CRP play
important roles in the occurrence and development of 
tumours [8-10]. SAA is a high-density lipoprotein-associated
apolipoprotein known to play a major role as a modulator of
inflammation and in the metabolism and transport of cho-
lesterol [6]. Of interest, SAA has been recently proposed as a
potentially useful biomarker for gastric cancer [8] and has
also been used to monitor the lymph node metastasis or 
relapse of nasopharyngeal cancer [9,11]. Moreover, when

using mass spectrometry and proteomic technologies in lung
cancer patients, SAA was identified as the top differentially
expressed protein that can differentiate the serum of patients
from the serum of healthy individuals [10]. Unfortunately,
only scant information regarding SAA expression in malig-
nant human tissues has been reported thus far and, to our
knowledge, no study has yet addressed SAA as a prospective
biomarker of NPC. Another acute-phase serum protein, CRP,
studies have shown that the high level of CRP is associated
with the poor prognosis of some tumors, including breast
cancer [12], and it has already been reported as a prognostic
marker in NPC [13,14]. 

It is very necessary to use a prospective approach to verify
the previous reports about SAA and CRP in the predictive
function of prognosis in NPC, and compare the effect of EBV
DNA. This study represents the first investigation examining
pretreatment SAA and CRP and the prognosis of NPC, and
compared the value EBV DNA in a large prospective cohort
study. These results will provide important information for
personalized therapy.

Materials and Methods

1. Patients and methods

This is a prospective cohort study. Four hundred thirty pri-
mary NPC patients were consecutively recruited from April
2007 to November 2012 at the study institute. The patients
were evaluated using the seventh American Joint Committee
on Cancer staging system and were eligible for this study if

Cancer Res Treat. 2018;50(3):701-711

Fig. 1. Cohort definition and exclusion. NPC, nasopharyngeal carcinoma; SAA, serum amyloid A; CRP, C-reactive protein;
EBV, Epstein-Barr virus; PFS, progression-free survival; OS, overall survival; DMFS, distant metastasis-free survival; LRFS,
locoregional relapse-free survival.

Enrolled primary non-metastatic NPC (n=430)

Successful pretreament
SAA and CRP and EBV DNA (n=425)

Analyse of survival (n=419)
  Primary endpoint: PFS
  Sedondary endpoint: OS, DMFS, LRFS

Unable to contact (n=3)
Refused to radiotherapy (n=2)

Missing date of follow-up
  interview (n=6)
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they fulfilled all of the following criteria: they had biopsy-
diagnosed World Health Organization types II-III NPC, they
were aged between 18 and 80 years, and they had a satisfac-
tory performance status (a score of 0-2 using the Eastern 
Cooperative Oncology Group System). The exclusion criteria
included previous treatment for NPC, presence of distant
metastasis, or prior malignancy (except carcinoma in situ of
the cervix or basal/squamous cell carcinoma of the skin).
Firstly, there were 430 NPC patients enrolled. Subsequently,
three patients lost contact, and two patients refused to radio-
therapy. There were 425 patients completed SAA, CRP, and
EBV DNA measurements. Then, six patients were missing to
follow up after radiotherapy. Finally, 419 non-metastatic pri-
mary patients were eligible for survival analysis (Fig. 1). 

All of the patients were evaluated by complete physical 
examination, nasopharyngoscopy, head and neck magnetic
resonance imaging (MRI), abdominal sonography, electro-
cardiography, chest radiography, bone scan, complete blood
count with a differential count, biochemical profile, and prior
treatment SAA, CRP, and EBV DNA levels. 18F-fluorodeoxy-
glucose positron emission tomography and computed 
tomography (PET-CT) was optional and was performed at
the discretion of the attending physician. Before treatment,
baseline clinical information was collected regarding sex,
age, hereditary NPC, smoking status, TNM stage, and East-
ern Cooperative Oncology Group (ECOG). Previous studies
have indicated that some factors promoted increased plasma
SAA and CRP levels, such as cardiovascular disease, dia-
betes, and chronic hepatitis B virus (HBV) infection. The def-
initions of these comorbidities and smoking status are
presented in Supplementary Materials.

For these 419 patients, age 18-80 years (median age, 46
years), and 313 (74.7%) for male and 106 (25.3%) for female.
The distribution of stage was as following: 10 (2.4%) for stage
I, 38 (9.1%) for stage II, 235 (56.1%) for stage III, 91(21.7%) for
stage IVa, and 45 (10.7%) for stage IVb. There were 126
(30.1%) were treated with conventional two-dimensional 
radiotherapy or three-dimensional conformal radiotherapy,
and 293 (69.9%) were treated with intensity-modulated 
radiotherapy. Additionally, 369 (88.1%) of these patients
with stage II-IV disease received platinum-based chemother-
apy. Concurrent chemoradiotherapy with or without neoad-
juvant or adjuvant chemotherapy was administered for
advanced-stage disease (stages III and IV). A stratified mul-
titherapeutic protocol was used: radiation alone for stage I
disease and radiation alone or concurrent platinum-based
chemotherapy for stage II disease; concurrent chemoradio-
therapy with or without neoadjuvant or adjuvant chemother-
apy for advanced-stage disease (stages III and IV). Neoadju-
vant or adjuvant chemotherapy consisted of cisplatin with 
5-fluorouracil or taxane administered every 3 weeks for two
or three cycles. Concurrent chemotherapy consisted of cis-

platin given on weeks 1, 4, and 7 of radiotherapy or weekly
cisplatin. All of the patients were treated according to the
same principles of the treatment for NPC patients at the
study institute.

2. Plasma SAA, CRP, and EBV DNA evaluations 

Each blood sample was allowed to clot and was cen-
trifuged at 1,500 g for 10 minutes. Sera were collected,
aliquoted, and kept frozen at 70°C until analysis. This 
molecular study was approved by the Ethics Committee of
the study institute. The SAA levels were measured in serum
samples using commercial enzyme-linked immunosorbent
assay (ELISA) kits from Invitrogen (Camarillo, CA) accord-
ing to the manufacturer’s instructions. All of the ELISAs
were performed in duplicate. The results were obtained by
a standard curve prepared according to the manufacturer’s
instructions and with a coefficient of variation < 10%. The
plasma CRP concentrations were immunoturbidimetrically
quantified using a Roche automated clinical chemistry ana-
lyzer (Roche Diagnostics, Belleville, NJ). As described in pre-
vious study [15], patient plasma EBV DNA concentrations
were routinely measured by quantitative polymerase chain
reaction before treatment.

3. Clinical outcome assessment and patient follow-up

Our primary endpoint was progress-free survival (PFS),
and the secondary endpoints were overall survival (OS), dis-
tant metastasis-free survival (DMFS), and local-regional 
recurrence-free survival (LRFS). The definitions of these end-
points are presented in the Supplementary Materials. After
treatment was completed, patients were evaluated at 
3-month intervals for the first 3 years and every 6 months
thereafter or until death. The patient history was obtained
and a physical examination and nasopharyngoscopy were
performed at each follow-up visit. MRI of the head and neck,
chest radiography, abdominal sonography, or PET-CT was
routinely performed optionally or upon clinical indication of
tumor relapse or metastasis.

4. Statistical analysis

Categorical variables were assessed using a chi-square test.
The patients were divided into two groups according to the
median level of SAA and CRP. The actuarial survival rates
were estimated by the Kaplan-Meier method and survival
curves were compared using the log-rank test. Multivariate
analyses were performed using the Cox proportional haz-
ards model. The covariates included tumour stage, Node
stage, sex, SAA, CRP, EBV DNA, age, HBV infection, cardiac
disease, diabetes mellitus, family history of NPC, and smok-
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SAA (mg/L) CRP (mg/L)
Characteristic > 4.28  4.28 p-value > 1.88  1.88 p-value(n=208) (n=211) (n=209) (n=210)
Sex

Male 166 147 0.017 47 59 0.187
Female 42 64 162 151

Age (yr)
 46 112 106 0.460 95 101 0.588
> 46 96 105 114 109

WHO pathologic classification
WHO II 5 9 0.290 9 5 0.273
WHO III 203 202 200 205

ECOG
0 7 8 0.350 5 10 0.089
1 199 203 202 200
2 2 0 2 0

Tumour stage
T1-2 45 45 0.939 31 59 0.001
T3-4 163 166 178 151

Node stage
N0-1 96 134 < 0.001 99 131 0.002
N2-3 112 77 110 79

Clinical stage
Stage I 6 4 0.018 3 7 0.001
Stage II 14 24 11 27
Stage III 110 125 114 121
Stage IVa 48 43 54 37
Stage IVb 30 15 27 18

Treatment
Radiotherapy 20 30 0.147 19 31 0.074
Chemotherapy+radiotherapy  188 181 190 179

Radiotherapy
2DRT/3DCRT 69 57 0.170 68 58 0.273
IMRT 139 154 141 152

Smoking
No 132 138 0.678 131 139 0.453
Yes 76 73 78 71

Chronic HBV infection
No 192 199 0.412 199 192 0.121
Yes 16 12 10 18

Cardiac disease
No 189 198 0.252 193 194 0.989
Yes 19 13 16 16

Diabetes mellitus
No 204 204 0.372 205 203 0.364
Yes 4 7 4 7

Family history of NPC
No 185 189 0.835 189 185 0.441
Yes 23 22 20 25

Table 1. Relationship between SAA and CRP pretreatment and the clinical characteristics of the 419 NPC patients

(Continued to the next page)
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ing. All of the reported probability values were two-tailed,
with p < 0.05 considered to be significant. Statistical analyses
were performed using SPSS ver. 20.0 (IBM Corp., Armonk,
NY).

5. Ethical statement

All patients provided written informed consent. The study
was approved by Sun Yat-Sen University’s independent
ethics committees.

Results

1. Clinical outcomes

All of the 419 patients had a follow-up examination from
their first visit (median, 56.7 months). During the follow-up
period, 83 (19.8%) patients developed distant metastasis, 38
patients (9.07%) developed local-regional recurrence, and
four patients (0.95%) developed both distant metastasis and
local-regional recurrence. These patients almost received pal-
liative chemotherapy or radiotherapy. A total of 36 patients
(8.5%) with recurrent or metastasis disease died during our
follow-up. Another five patients died without recurrent dis-
ease—two patients died of a heart attack, and three patients
died of radiotherapy complication. The PFS, OS, DMFS, and

LRFS for all 419 patients were 69.2%, 84.4%, 78.5%, and
89.6%, respectively. 

2. Relationship between the SAA or CRP levels and the
clinical characteristics of NPC

The median concentration of SAA in the 419 NPC patients
was 4.28 mg/L (range, 0.90 to 743.00 mg/L). The median
concentration of CRP in the 419 NPC patients was 1.88 mg/L
(range, 0.11 to 126.56 mg/L). With this cut-off point of the
median concentration, these patients were divided into two
groups: the high SAA level group (SAA > 4.28 mg/L) and
the low SAA level group (SAA  4.28 mg/L); the high CRP
level group (CRP > 1.88 mg/L) and the low CRP level group
(CRP  1.88 mg/L). 

The chi-squared test results showed that our data was rel-
atively balanced. In the results of SAA, regarding age, patho-
logic classification, ECOG performance, tumour classifi-
cation, treatment, radiotherapy, smoking, chronic HBV 
infection, cardiac disease, diabetes mellitus, family history of
NPC, local recurrence and posttreatment distant metastasis,
the SAA level was not significantly different (p > 0.05). How-
ever, high level of SAA is associated with risk stratification
and poor prognosis of NPC, and the SAA level was signifi-
cantly associated with node metastasis (p < 0.001), clinical
staging (p=0.018), EBV DNA (p=0.001), and death (p=0.012).
In the results of CRP, similar to those of SAA, CRP was not
related to the patient's general condition and inflammatory
factors. At the same time, the CRP level was significantly 
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SAA (mg/L) CRP (mg/L)
Characteristic > 4.28  4.28 p-value > 1.88  1.88 p-value(n=208) (n=211) (n=209) (n=210)
EBV DNA (copy/mL)

< 1,500 77 111 0.001 81 107 0.012
 1,500 131 100 123 103

Local-regional relapse
No 184 197 0.081 191 190 0.746
Yes 24 14 18 20

Distant metastasis
No 159 177 0.056 157 179 0.009
Yes 49 34 52 31

Deaths
No 180 198 0.012 184 194 0.135
Yes 28 13 25 16

Table 1. Continued

SAA, serum amyloid A; CRP, C-reactive protein; NPC, nasopharyngeal carcinoma; WHO, World Health Organization;
ECOG, Eastern Cooperative Oncology Group; 2DRT, two-dimensional radiotherapy; 3DCRT, three-dimensional conformal
radiotherapy; IMRT, intensity-modulated radiotherapy; HBV, hepatitis B virus; EBV, Epstein-Barr virus.
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associated with stage and prognosis, including tumour stage
(p=0.001), node classification (p=0.002), clinical staging (p=
0.001), EBV DNA (p=0.012), and distant metastasis (p=0.009)
(Table 1).

3. Survival analysis divided by SAA, CRP, integrating
SAA & CRP, and EBV DNA 

According to high or low level of SAA, or CRP, or integrat-
ing SAA & CRP, or EBV DNA, we divided all 419 patients to
two groups and analysis their different survival prognosis.

Cancer Res Treat. 2018;50(3):701-711

Fig. 2.  Kaplan-Meier curves of progression-free survival according to different groups in 419 NPC patients. (A) Low-SAA
(SAA  4.28 mg/L) and high-SAA (SAA > 4.28 mg/L) group. (B) Low-CRP (CRP  1.88 mg/L) and high-CRP (CRP 
> 1.88 mg/L) group. (C) Low-SAA & CRP (SAA  4.28 mg/L and CRP  1.88 mg/L) and high-SAA & CRP (SAA > 4.28
mg/L or CRP > 1.88 mg/L) group. (D) Low-EBV DNA (EBV DNA < 1,500 copies/mL) and high-EBV DNA (EBV DNA 
 1,500 copies/mL) group. NPC, nasopharyngeal carcinoma; SAA, serum amyloid A; CRP, C-reactive protein; EBV, Epstein-
Barr virus.
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The split point of SAA (4.28 mg/L) and CRP (1.88 mg/L)
were applied the median concentration as before, and the
split point of EBV DNA was applied in 1,500 copies/mL 
approved to be an accurate prognostic value in previous
study [5]. The results showed that the high level of EBV DNA
had worse prognosis than high level of SAA, CRP, integrat-
ing SAA & CRP in the 5-year PFS, OS, DMFS, and LRFS.

Regarding the 5-year PFS rate, the high and low SAA
groups showed rate of 64.5% and 73.1%, respectively
(p=0.013) (Fig. 2A); the high and low CRP groups showed
rate of 65.2% and 73.3%, respectively (p=0.064) (Fig. 2B); the
integrating SAA & CRP (high group, SAA > 4.28 mg/L or
CRP > 1.88 mg/L; low group, SAA  4.28 mg/L and CRP 
 1.88 mg/L) showed rate of 65.2% and 75.9%, respectively
(p=0.004) (Fig. 2C); the high EBV DNA ( 1,500 copies/mL)
and low EBV DNA (< 1,500 copies/mL) group showed rate
of 62.2% and 77.8%, respectively (p < 0.001) (Fig. 2D). All the
results above showed that the 5-year PFS of patients with
high level of EBV DNA were significantly lower than those
with high levels of SAA, or CRP, or integrating SAA & CRP
and EBV DNA had a more favorable prognostic value in
NPC patients (Table 2, Fig. 2).

Similar to 5-year PFS, the other survival analysis, including
5-year OS, DMFS, and LRFS, we concluded the following 
results: EBV DNA has a more sensitive predictive p-value
than SAA, CRP, and integrating SAA & CRP. The p-value in
5-year OS divided by SAA, CRP, integrating SAA & CRP,
and EBV DNA were p=0.025, p=0.060, p=0.037, and p=0.015,
respectively. The p-value in 5-year DMFS divided by SAA,
CRP, integrating SAA & CRP, and EBV DNA were p=0.069,

p=0.009, p=0.016, and p=0.000, respectively. The p-value in
5-year LRFS divided by SAA, CRP, integrating SAA & CRP,
and EBV DNA were p=0.080, p=0.826, p=0.091, and p=0.035,
respectively. Integrating SAA & CRP could improve the pre-
dictive ability of survival prognosis value to some extent, 
especially in the 5-year PFS (Table 2).

4. Univariate analysis and multifactorial Cox risk model
analysis 

The variable in univariate analysis was age (> 46 years vs.
 46 years), sex (male vs. female), smoking (yes vs. no),
chronic HBV infection (yes vs. no), diabetes mellitus (yes vs.
no), cardiac disease (yes vs. no), family history of NPC (yes
vs. no), tumour stage (T1+T2 vs. T3+T4), node stage (N0+N1
vs. N2+N3), SAA level (> 4.28 mg/L vs.  4.28 mg/L), CRP
level (> 1.88 mg/L vs.  1.88 mg/L), and EBV-DNA ( 1,500
copies/mL vs. < 1,500 copies/mL), respectively. In univari-
ate analysis, the significant factors included in the PFS: 
tumour stage (hazard ratio [HR], 2.048; 95% confidence 
interval [CI], 1.190 to 3.523; p=0.010), node stage (HR, 1.864;
95% CI, 1.291 to 2.649; p=0.001), SAA (HR, 1.593; 95% CI,
1.100 to 2.305; p=0.014), and EBV DNA (HR, 2.260; 95% CI,
1.521 to 3.358; p=0.000). In univariate analysis, the significant
factors included in the OS: node stage (HR, 3.438; 95% CI,
1.711 to 6.910; p=0.001), SAA (HR, 2.095; 95% CI, 1.083 to
4.050; p=0.028), and EBV DNA (HR, 2.308; 95% CI, 1.156 to
4.610; p=0.018) (Table 3).

The association analyses of variables above with PFS and
OS were performed using multifactorial Cox regression

Qiu-Yan Chen, Impact of SAA and CRP Comparing with EBV on Prognosis of NPC

PFS OS DMFS     LRFS
Factor

Percentage p-value Percentage p-value Percentage    p-value Percentage p-value
SAA (mg/L)

> 4.28 64.5 0.013 79.5 0.025 75.0             0.069 87.8 0.080
 4.28 73.1 91.0 82.0                 90.5

CRP (mg/L)                     
> 1.88 65.2 0.064 82.8 0.060 72.3             0.009 91.0 0.826
 1.88 73.3 86.7 84.5                 88.3

SAA and CRP (mg/L)                     
SAA > 4.28 or CRP > 1.88 65.2 0.004 81.2 0.037 74.7             0.016 88.8 0.091
SAA  4.28 and CRP  1.88 75.9 91.8 86.0                 89.5

EBV DNA (copy/mL)                     
 1,500 62.2 0.000 80.5 0.015 72.4             0.000 87.7 0.035
< 1,500 77.8 90.0 85.8                 91.8

Table 2. Five-year survival rate in the 419 NPC with high or low SAA, CRP, and EBV

NPC, nasopharyngeal carcinoma; SAA, serum amyloid A; CRP, C-reactive protein; EBV, Epstein-Barr virus; PFS, progres-
sion-free survival; OS, overall survival; DMFS, distant metastasis-free survival; LRFS, locoregional relapse-free survival.
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analyses. The analyses demonstrated that the tumour stage
(HR, 1.903; 95% CI, 1.100 to 3.290; p=0.021), node stage (HR,
1.498; 95% CI, 1.002 to 2.241; p=0.049), and EBV DNA (HR,
1.788; 95% CI, 1.157 to 2.764; p=0.009) were independent pre-
dictors of PFS. The node stage (HR, 3.438; 95% CI, 1.711 to
6.910; p=0.001) was independent predictors of OS in patients
with NPC (Table 3). SAA was not an independent prognostic
factor in multivariate analysis, although it was significant in
univariate analysis.

Discussion

SAA and CRP are acute-phase proteins and have been
demonstrated to be contributors to cancer development and
progression. SAA and CRP are regulated by related 
cytokines, and the amplitude of the inflammation-related 
increase in SAA is similar to, or slightly greater than, that of
CRP [16]. However, the physiologic level of circulating SAA
is approximately 10-fold greater than that of CRP, suggesting
that SAA may be more useful for detecting slight elevations

Cancer Res Treat. 2018;50(3):701-711

Variable
Univariate analysis Multivariate analysis

HRa) 95% CI p-valuea) HRa) 95% CI p-valuea)

PFS
Sex 1.504 0.946-2.392 0.085 - - -
Age 0.874 0.608-1.256 0.468 - - -
Smoking 1.429 0.991-2.062 0.056 - - -
Chronic HBV infection 1.037 0.874-1.229 0.679 - - -
Cardiac disease 0.971 0.473-1.991 0.935 - - -
Diabetes mellitus 0.908 0.781-1.057 0.213 - - -
Family history of NPC 1.142 0.653-1.998 0.641 - - -
Tumour stage 2.048 1.190-3.523 0.010 1.903 1.100-3.290 0.021
Node stage 1.864 1.291-2.694 0.001 1.498 1.002-2.241 0.049
SAA 1.593 1.100-2.305 0.014 - - -
CRP 1.414 0.979-2.038 0.065 - - -
EBV DNA 2.260 1.521-3.358 0.000 1.788 1.157-2.764 0.009

OS
Sex 1.310 0.604-2.841 0.495 - - -
Age 1.055 0.570-1.954 0.864 - - -
Smoking 1.172 0.625-2.197 0.620 - - -
Chronic HBV infection 1.106 0.854-1.433 0.444 - - -
Cardiac disease 2.163 0.841-5.568 0.110 - - -
Diabetes mellitus 1.008 0.865-1.174 0.923 - - -
Family history of NPC 1.123 0.439-2.870 0.809 - - -
Tumour stage 1.328 0.608-2.901 0.476 - - -
Node stage 3.438 1.711-6.910 0.001 3.438 1.711-6.910 0.001
SAA 2.095 1.083-4.050 0.028 - - -
CRP 1.818 0.967-3.420 0.064 - - -
EBV DNA 2.308 1.156-4.610 0.018 - - -

Table 3. Multivariate Cox proportional hazards analysis of 419 patients with NPC

NPC, nasopharyngeal carcinoma; HR, hazard ratio; CI, confidence interval; PFS, progression-free survival;  HBV, hepatitis
B virus; SAA, serum amyloid A; CRP, C-reactive protein; EBV, Epstein-Barr virus; OS, overall survival. a)We calculated
hazard ratios and p-values with an adjusted multivariate Cox proportional hazards regression model, including sex (male
vs. female), age (> 46 years vs.  46 years), smoking (yes vs. no), chronic hepatitis B virus infection (yes vs. no), cardiac
disease (yes vs. no), diabetes mellitus (yes vs. no), family history of nasopharyngeal carcinoma (yes vs. no), tumour stage
(T1+T2 vs. T3+T4), node stage (N0+N1 vs. N2+N3), SAA level (> 4.28 mg/L vs.  4.28 mg/L), CRP level (> 1.88 mg/L vs. 
 1.88 mg/L), and EBV-DNA ( 1,500 copies/mL vs. < 1,500 copies/mL) as covariates. We selected variables with the forward
stepwise approach. Only variables that were significantly associated with survival are presented.
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in systemic or chronic inflammation [16,17]. Several previous
and recent studies have proposed a direct correlation 
between the SAA concentrations and tumour grade [18,19].
Additionally, SAA has been reported to be a marker of dis-
ease progression in different malignancies, including renal
cell carcinoma [20,21], lung [22,23], colorectal [24], uterine
serous papillary cancer [25], and breast cancer [12]. Some 
research demonstrated that SAA was potential NPC metas-
tasis-specific serum biomarkers [11] and SAA could be a use-
ful biomarker to monitor relapse of NPC [9]. Regarding CRP,
a retrospective study [14] showed that baseline CRP may be
useful to predict the prognosis of metastatic NPC patients.
Previous we have found that baseline plasma EBV DNA and
CRP levels were significantly correlated with survival in
NPC patients [13]. A study suggested that systemic inflam-
mation, as measured by circulating CRP and SAA, may be
an important long term prognostic factor for breast cancer
and elevated SAA and CRP were associated with reduced
OS [12]. However, a prospective study to validate this prog-
nostic effect of SAA and CRP in NPC is still needed. Quan-
tification of plasma EBV DNA is useful for monitoring
patients with NPC and predicting the outcome of treatment
[5]. Pretherapy circulating EBV DNA load is an independent
prognostic factor to Union for International Cancer Control
staging in NPC [26]. It is very necessary to use a prospective
approach to verify the previous reports about SAA and CRP
in the predictive function of prognosis in NPC, and compare
the effect of EBV DNA.

The advantage of this study is its prospective design and
analysis of pretreatment blood samples. In this study of 419
non-metastatic primary NPC patients, the chi-squared test
results showed that the level of SAA and CRP were not 
related to the patient's general condition and inflammatory
factors, but significantly associated with stage and prognosis,
including tumour stage or Node classification or clinical stag-
ing or distant metastasis or death or the EBV DNA. We 
deserve further study that which factors predict prognosis is
more important, the staging, the EBV DNA, or the inflam-
matory factors SAA and CRP.  

In this study, we found significant associations of higher
levels of SAA (64.5% vs. 73.1%, p=0.013) reduced 5-year PFS,
but the result of CRP was close to be significant (65.2% vs.
73.3%, p=0.064). Additionally, we observed that the integrat-
ing SAA & CRP improved the ability to predict prognosis
and high level of circulating SAA combined with CRP was
significantly correlated with survival in NPC patients (65.2%
vs. 75.9%, p=0.004), a finding that was similar to that in 
patients with other cancers, including breast cancer [12],
melanoma [27] and colorectal cancer [24]. On the other hand,
EBV DNA detection showed a superior predictive result, the
5-year PFS in the EBV DNA  1500 copies/mL group was 
obviously different than the EBV DNA < 1,500 copies/mL

group (62.2% vs. 77.8%, p < 0.001). At the same time, in the 
5-year OS (p=0.015), DMFS (p=0.000), LRFS (p=0.035), the
high level of EBV DNA was also significant different than
low level of EBV DNA. Although SAA was significant in uni-
variate analysis, it was not an independent prognostic factor
in multivariate analysis. Multifactorial Cox regression analy-
sis confirmed that in the PFS, the independent prognostic fac-
tors were including EBV DNA (HR, 1.788; p=0.009), tumour
stage (HR, 1.903; p=0.021) and node stage (HR, 1.498;
p=0.049), but the SAA and CRP were not included in the 
independent prognostic factors. The above results showed
that the EBV DNA, which is the best biomarker so far, was
more sensitive to the prediction of NPC than the inflamma-
tory factors SAA and CRP. High level of EBV DNA, SAA,
and CRP were both poor prognostic factors for NPC patients,
especially EBV DNA. For these patients, we can consider per-
forming closer follow-ups and early intervention.

SAA and CRP are acute-phase proteins and have been
demonstrated to be connected with the Inflammation related
diseases [6,7], such as chronic HBV infection, diabetes melli-
tus and cardiac disease. In this study, the chi-square test 
results showed that the level of SAA and CRP were not 
related to these diseases. Also, the association analyses of
chronic HBV infection, diabetes mellitus, and cardiac disease
were not independent predictors of PFS and OS in NPC 
patients with multifactorial Cox regression analyses. Althou-
gh SAA and CRP were associated with a self-reported his-
tory of myocardial infarction and history of heart failure in
the HEAL study [28]. In our study, two patients died of a
heart attack, which was a low-probability event here. Thus,
our results suggested that survival prognosis of patients with
NPC were not related to these pretreatment inflammatory
diseases.

The drawback of our study is that the data were obtained
exclusively from one centre. Although our cancer centre
treats many NPC patients, these results also need to be vali-
dated in other data sets. The second limitation is that the sin-
gle pretreatment measurement of SAA, CRP, and EBV DNA.
A single measurement is likely to underestimate the magni-
tude of the association between the biomarkers and survival.
One strength of our study is the reliable measurement of
both the SAA and CRP levels with a high accuracy in a core
laboratory. And the other is the large size examination
should perform throughout the treatment period, including
pretreatment, post-treatment, and follow-up periods.

In summary, this study suggests that pretreatment SAA
and CRP had a certain relationship with the prognosis of
NPC, and the prognosis of patients with high level of SAA
and CRP were poor. However, the predictive ability of SAA
and CRP was worse than that of EBV DNA. These results
also need to be validated with further large collaborative
studies.
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In conclusion, there is a certain relationship between SAA
and CRP with the prognosis of NPC, and the prognosis of
patients with high level of SAA and CRP are poor. However,
the predictive ability of SAA and CRP is worse than that of
EBV DNA.
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Which Patients with Isolated Para-aortic Lymph Node Metastasis Will
Truly Benefit from Extended Lymph Node Dissection for Colon Cancer?

Original Article

Purpose
The prognosis of patients with colon cancer and para-aortic lymph node metastasis (PALNM)
is poor. We analyzed the prognostic factors of extramesenteric lymphadenectomy for colon
cancer patients with isolated PALNM.  

Materials and Methods
We retrospectively reviewed 49 patients with PALNM who underwent curative resection 
between October 1988 and December 2009.  

Results
In univariate analyses, the 5-year overall survival (OS) and disease-free survival (DFS) rates
were higher in patients with  7 positive para-aortic lymph node (PALN) (36.5% and 27.5%)
than in those with > 7 PALN (14.3% and 14.3%; p=0.010 and p=0.027, respectively), and
preoperative carcinoembryonic antigen (CEA) level > 5 was also correlated with a lower 
5-year OS and DFS rate of 21.5% and 11.7% compared with those with CEA  5 (46.3%
and 41.4%; p=0.122 and 0.039, respectively). Multivariate analysis found that the number
of positive PALN (hazard ratio [HR], 3.291; 95% confidence interval [CI], 1.309 to 8.275;
p=0.011) was an independent prognostic factor for OS and the number of positive PALN
(HR, 2.484; 95% CI, 0.993 to 6.211; p=0.052) and preoperative CEA level (HR, 1.953; 95%
CI, 0.940 to 4.057; p=0.073) were marginally independent prognostic factors for DFS. 
According to our prognostic model, the 5-year OS and DFS rate increased to 59.3% and
53.3%, respectively, in patients with  7 positive PALN and CEA level  5.  

Conclusion
PALN dissection might be beneficial in carefully selected patients with a low CEA level and
less extensive PALNM.  
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Introduction

Isolated para-aortic lymph node (PALN) metastasis
(PALNM) occurs in up to 2% of colorectal cancer (CRC) 
patients and is regarded as a poor prognostic factor [1,2]. 
Although the American Joint Committee on Cancer (AJCC)
staging system classifies CRC with metastasis to PALNs as
M1 disease, the clinical characteristics of it have not been
comprehensively elucidated and there is no consensus on the

treatment strategy for isolated PALNM in CRC [3]. 
The complete response rate in colon cancer patients with

PALNM remains low despite newly developed chemother-
apeutic agents and it is difficult to control the progression of
disease without surgical intervention [1]. In CRC patients
with hepatic or pulmonary metastases, aggressive hepatic or
lung resection has become a standard strategy when R0 
resection can be achieved. However, the role of PALN dis-
section (PALND) has not been established due to its low 
incidence, postoperative morbidity, and advances in the field



VOLUME 50 NUMBER 3 JULY 2018  713

of chemotherapy.
Previously, we reported that the oncologic outcomes of

colon cancer with isolated PALNM were comparable with
outcomes of metastatectomy for liver metastasis and sug-
gested that upfront primary tumor resection with extended
lymphadenectomy may be justified in selected patients [4].
However, only a few patients have any benefit from exten-
sive dissection and the key factors in subsets of patients with
PALNM that may experience oncologic benefits from
PALND remain unknown.

The description of prognostic factors for pathological
PALNM allows the identification of patients who may ben-
efit from PALND while sparing other patients from the mor-
bidity of extensive lymphadenectomy. The aim of this study
was to analyze the prognostic factors and to develop a prog-
nostic model of extraregional lymphadenectomy for colon
cancer with isolated PALNM. 

Materials and Methods

1. Patients

From our prospectively collected database, a total of 1,082
patients who underwent curative surgery for colonic adeno-
carcinoma with pathological lymph node metastasis at Sev-
erance Hospital, Yonsei University, Seoul, South Korea, were
included. With the following exclusion criteria, 49 patients
who received a pathologic diagnosis of isolated synchronous
PALNM were included in this study: (1) distant metastases
other than to PALNM, (2) lateral pelvic lymph node metas-
tasis, and (3) nodal metastasis above the renal vessels. Clin-
icopathologic data including age, sex, body mass index,
location of tumor, preoperative carcinoembryonic antigen
(CEA), postoperative chemotherapy, pathologic tumor and
nodal stage, tumor differentiation, the numbers of total and
positive PALN, and survival data were obtained. 

2. Preoperative staging and treatment

Preoperative staging evaluation was performed using
chest X-ray and abdominal and chest computed tomography
(CT) scan. For PALNM diagnosis, abdominal CT scan was
mainly used and positron emission tomogram (PET) was
performed in selected cases where the diagnosis of PALNM
by CT was uncertain. We considered a PALN to be radiolog-
ically positive if a lymph node at the region between the left
renal vein and the bilateral common iliac vessels was 0.5 cm
at the short-axis diameter, with spiculated borders or show-
ing a mottled heterogenic pattern according to the preoper-

ative abdominal CT scan or had fludeoxyglucose uptake on
PET-CT. In addition to the standard extent of lymph node
dissection, all lymphovascular tissues along the aortocaval
area between the left renal vein and the bilateral common
iliac vessels were removed in patients with advanced colon
cancer with radiologically suspected metastatic PALN. Post-
operative chemotherapy (5-fluorouracil/leucovorin regimen
or oxaliplatin, folinic acid and 5-fluorouracil [FOLFOX]) was
administered 3-4 weeks after surgery for 6 months.

3. Evaluation parameters and statistical analyses

The classification system of the AJCC sixth edition was
used to determine pathological tumor depth (pT), the num-
ber of metastasized lymph nodes (pN), and cancer stage.
PALN was defined as the presence of involved lymph nodes
in the region between the bilateral common iliac vessels and

Characteristic No. (%) (n=49)  
Sex

Male 29 (59.2)
Female 20 (40.8)

Age, mean±SD (yr) 57.5±11.5
Body mass index, mean±SD (kg/m2) 23.7±2.8
Location of tumor

Cecum 1 (2.0)
Ascending colon 5 (10.2)
Descending colon 5 (10.2)
Sigmoid colon 38 (77.6)

Preoperative CEA, mean±SD (ng/mL) 23.7±37.4
POD 7 CEA, mean±SD (ng/mL) 7.4±13.0
Adjuvant chemotherapy 47 (95.9)
Tumor stage

T2 1 (2.0)
T3 43 (87.8)
T4 5 (10.2)

Histology
Well differentiated 4 (8.2)
Moderately differentiated 34 (69.4)
Poorly differentiated 6 (12.2)
Mucinous 5 (10.2)

Total retrieved LNs, mean±SD 38.2±22.0
Positive retrieved LNs, mean±SD 15.6±15.1 
Total para-aortic LNs, mean±SD 6.9±5.2
Positive para-aortic LNs, mean±SD 3.9±4.0

Table 1. Characteristics of colon cancer patients with
para-aortic lymph node metastasis

SD, standard deviation; CEA, carcinoembryonic antigen;
POD, postoperative day; LN, lymph node.
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left renal vein. All patients received postoperative clinical 
examinations, measurement of serum CEA levels, and chest 
X-rays every 3 months, and a chest/abdominal CT every 6
months over a period of 3 years. After 3 years, the follow-up
interval was changed to 6 months. Recurrence was defined
as the presence of a histologically and/or radiologically con-
firmed tumor. Overall survival (OS) time was calculated
from the date of surgery to the date of the latest follow-up
visit or the date of death due to any cause, and disease-free
survival (DFS) time was defined as the time from surgery to
any type of recurrence. Patients who died from other causes
or were alive without progression or recurrence at the most
recent follow-up were treated as censored in the analysis of
DFS time. Five-year survival rate was determined by the 
Kaplan-Meier method, and the log-rank test was used to
compare survival rates among subgroups. The log-rank test
was used for univariate analysis and independent prognostic
factors were identified by multivariate analysis using the Cox
proportional hazards model to calculate hazard ratios (HR).
Age ( 60 or > 60 years), sex (female or male), tumor depth
(T1, T2 or T3, T4), number of positive PALNs ( 7 or > 7), and
preoperative CEA level ( 5 or > 5) were included as covari-
ates. The results of the Cox model analysis are reported using
HR and 95% confidence intervals (CI). All statistical tests
were performed using IBM SPSS ver. 21.0 (IBM Corp., 
Armonk, NY). Data are expressed as means with standard
deviation. p-values of less than 0.05 were defined to indicate

a statistically significant difference.  

4. Ethical statement

The study was approved by the Institutional Review Board
of Severance Hospital (IRB No. 2017-2432-001) and per-
formed in accordance with the principles of the Declaration
of Helsinki. The informed consent was waived.

Results

1. Patient characteristics

Table 1 summarizes the characteristics of the 49 patients
with pathologically positive PALN who underwent PALND
for colonic cancer. The mean age was 57.5±11.5 years; 20 
patients (40.8%) were women and 29 (59.2%) men. Body
mass index was 23.7±2.8. One tumor (2.0%) was located in
the cecum, five (10.2%) in the ascending colon, five (10.2%)
in the descending colon, and 38 (77.6%) in the sigmoid colon.
The mean CEA level before the operation was 23.7±37.4
ng/mL and the CEA level measured 7 days after curative 
resection was 7.4±13.0 ng/mL. Of the total 49 patients, 
47 (95.9%) received chemotherapy after curative resection.

Table 2. Prognostic factors of 5-year survival by univariate analysis 
Prognostic factor No. (n=49) OS (%) p-value DFS (%) p-value
Age (yr)
 60 28 30.8 0.813 19.8 0.830
> 60 21 31.4 28.6

Sex
Male 29 28.5 0.257 22.2 0.872
Female 20 35.0 25.0

Tumor stage
T1 and T2 6 33.3 0.954 33.3 0.584
T3 and T4 43 30.7 21.7

Histology
Well and moderately 43 31.7 0.590 22.5 0.667
Poorly and mucinous 6 25.0 33.3

Positive retrieved PALNs
 7 42 36.5 0.010 27.5 0.027
> 7 7 14.3 14.3

Preoperative CEA
 5 19 46.3 0.122 41.4 0.039
> 5 30 21.5 11.7

OS, overall survival; DFS, disease-free survival; PALN, para-aortic lymph node; CEA, carcinoembryonic antigen.
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2. Pathologic outcomes

Pathologic characteristics of the tumors are summarized
in Table 1. There was one T2 tumor (2.0%), 43 T3 tumors
(87.8%), and five T4 tumors (10.1%). The moderately differ-
entiated type (69.4%) was the most common histological
type, followed by poorly differentiated (12.2%), mucinous

(10.2%), and well differentiated (8.2%). The mean numbers
of total and positive lymph nodes were 38.2±22.0 and
15.6±15.1, respectively. The mean numbers of total harvested
and metastatic PALNs were 6.9±5.2 and 3.9±4.0, respectively. 

Fig. 1.  (A) Five-year overall survival (OS) of patients with para-aortic lymph node metastasis (PALNM) according to the
number of positive para-aortic lymph node (PALN). (B) Five-year disease-free survival (DFS) according to the number of
positive PALN. (C) Five-year OS according to the preoperative carcinoembryonic antigen (CEA) level. (D) Five-year DFS
according to the preoperative CEA level. (Continued to the next page)
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3. Univariate and multivariate survival analyses of prog-
nostic factors

The median survival time was 37 months (range, 6 to 169
months). Five-year OS and DFS rates were 33.9% and 26.5%,
respectively. Table 2 summarizes the univariate analysis.
Univariate analyses revealed that the number of positive
PALN and the preoperative CEA level were significantly 
associated with OS and DFS (Table 2). Fig. 1 describes patient

survival according to the number of positive PALN and pre-
operative CEA level. The 5-year OS and DFS rates were
higher in patients with  7 positive PALN (36.5% and 27.5%)
than in those with > 7 PALN (14.3% and 14.3%; p=0.010 and
p=0.027, respectively) (Fig. 1A and B). Preoperative CEA
level > 5 also adversely affected patient prognosis, with a
lower 5-year OS and DFS rate at 21.5% and 11.7% observed
in patients with CEA level > 5 compared to those with CEA
level  5 (collectively at 46.3% and 41.4%, p=0.122 and

Fig. 1.  (Continued from the previous page) (E) Five-year OS according to the prognostic model. (F) Five-year DFS according to
the prognostic model. 
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Prognostic factor
Overall survival Disease-free survival

HR (95% CI) p-value HR (95% CI) p-value
Age

> 60 yr vs.  60 yr 0.885 (0.434-1.806) 0.738 1.049 (0.534-2.061) 0.889
Sex

Female vs. male 0.745 (0.353-1.571) 0.440 0.859 (0.416-1.773) 0.682
Tumor stage

T3 and T4 vs. T1 and T2 0.816 (0.276-2.413) 0.713 1.108 (0.382-3.217) 0.850
Histology

Poorly and mucinous vs. well and moderately 1.660 (0.553-4.986) 0.366 1.299 (0.443-3.807) 0.634
Positive retrieved PALNs

> 7 vs.  7 3.291 (1.309-8.275) 0.011 2.484 (0.993-6.211) 0.052
Preoperative CEA

> 5 vs.  5 1.575 (0.738-3.361) 0.241 1.953 (0.940-4.057) 0.073

Table 3. Prognostic factors of 5-year survival by multivariate analysis 

HR, hazard ratio; CI, confidence interval; PALN, para-aortic lymph node; CEA, carcinoembryonic antigen.
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p=0.039) (Fig. 1C and D). Multivariate analysis showed the
number of positive PALN (HR, 3.291; 95% CI, 1.309 to 8.275;
p=0.011) was an independent prognostic factor for OS and
the number of positive PALN (HR, 2.484; 95% CI, 0.993 to
6.211; p=0.052) and preoperative CEA level (HR, 1.953; 95%
CI, 0.940 to 4.057; p=0.073) as marginally independent prog-
nostic factors for DFS (Table 3). According to our prognostic
model with two prognostic factors, the 5-year OS and DFS
rate increased to 59.3% and 53.3%, respectively, in patients
with  7 positive PALN and a CEA level  5 (Fig. 1E and F).
The 5-year OS and DFS rates of patients with CEA level  5
and > 7 positive PALN or CEA level > 5 and  7 positive
PALN were 24.9% and 13.2%, respectively. The 5-year OS
and DFS rates of patients with CEA level > 5 and > 7 positive
PALN were 0% and 0%, respectively.

Discussion

In the context of hepatic metastasis in colorectal cancer, 
upfront primary tumor resection with metastasectomy is rec-
ommended in surgically amenable metastasis (lesions  4,
absence of bilobar metastasis, and radiologically negative
periportal lymph nodes) [5]. In the current prognostic analy-
ses of 49 colon cancer patients with pathological PALNM
who underwent extraregional lymphadenectomy, our results
show that PALND may be justified in highly selected 

patients. We have found that an elevated preoperative CEA
level and a greater number of positive PALN indicates a poor
survival outcome and the subgroup of patients with  7 pos-
itive PALN and a CEA level  5 might still benefit from sur-
gery. Thus, systematic PALND should be considered as a
treatment option in those patients.

Ogura et al. [6] attempted to establish a prognostic model
for visible PALNM with CRC and reported that lymphovas-
cular invasion, nodal status, elevated preoperative CEA
level, and visible PALNs  10 mm were independent prog-
nostic factors for patients with visible PALNs, although that
model could not predict pathologic PALNM. Choi et al.  [1]
observed that the presence of two or fewer PALN metastases
was a good indication for PALND in 24 CRC patients with
isolated PALNM based on their univariate analysis; how-
ever, there were no data regarding pathologic PALNM and
no significant prognostic factors were identified by multi-
variate analysis. In our study, we tried to develop a prognos-
tic model using multivariate analysis for pathologically
identified PALNM after extensive lymphadenectomy in
colon cancer. 

Preoperative serum levels of the tumor marker CEA,
which represent serum tumor burden, are of prognostic sig-
nificance. CEA levels  5.0 ng/mL have an adverse effect on
survival that is independent of tumor stage [7-9]. Hokuto et
al. [10] reported that a serum CEA level of  20 ng/mL was
one of the prognostic factors for DFS in patients with  4 col-
orectal liver metastases and a systematic review assessing
prognostic factors for patients undergoing lung metastasec-

Fig. 2. Suggested treatment strategy for colon cancer with isolated para-aortic lymph node metastasis. PALNM, para-aortic
lymph node metastasis; PTR, primary tumor resection; PALND, para-aortic lymph node dissection; CTX, chemotherapy.
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tomy showed that a prethoracotomy associated elevation in
CEA level was associated with poor survival [11]. In this
study, elevated preoperative CEA level was identified to be
an independent risk predictor for oncologic outcomes, which
is consistent with the prior results in the literature. 

Lymph node involvement is one of the strongest predictors
of outcome following surgical resection of CRC [12-16].
Moreover, we found that the long-term oncologic outcomes
were significantly better in the regional lymph node metas-
tasis group than in the PALNM group, which means that the
location of the metastatic lymph node also matters [4]. In the
present study, the 5-year survival rate was poor in patients
with a large number of positive PALN, which was identified
as an independent prognostic factor after PALND. Thus,
PALND should be considered as a treatment option in 
patients with a relatively smaller number of infiltrated lymph
nodes. 

The availability of increasingly effective systemic chemo-
therapy has prompted interest in preoperative or neoadju-
vant chemotherapy for stage IV CRC [17]. Neoadjuvant
chemotherapy might play a role in evaluating the natural his-
tory of metastatic disease, which then enables the surgeon to
decide whether to proceed with surgery or to continue pal-
liative chemotherapy in cases of CRC with PALNM. An 
expert review further emphasized the role of neoadjuvant
chemotherapy in the selection of candidates for PALND 
because tumor regression after treatment may imply a favor-
able biology, thereby selecting for patients more likely to
benefit from PALND [18]. Currently, we have discussed
treatment plans based on a multidisciplinary approach for
these patients and most of them were recommended to 
receive upfront systemic chemotherapy followed by surgical
resection for both the primary tumor and extraregional
lymph nodes (PALN).

A multimodality approach including perioperative chemo-
therapy may be needed to improve survival of patients with
colon cancer with isolated PALNM and the treatment strat-

egy should be individualized according to the characteristics
of the disease. Our results suggest that upfront primary
tumor resection with extended lymphadenectomy may be
justified in patients with low CEA levels and less extensive
PALNM, based on our prognostic model (Fig. 2). Neoadju-
vant chemotherapy can be an initial targeted treatment for
colon cancer with an elevated CEA level or extensive
PALNM. Primary tumor resection with or without PALND
should be performed after neoadjuvant treatment based on
tumor response. Treatment of progressive disease with ele-
vated CEA level and extensive PALNM even after neoadju-
vant chemotherapy needs to be converted to palliative
chemotherapy with other additional treatments such as 
intensity-modulated radiotherapy, tomotherapy, and robotic
linear accelerators.

There are several limitations to this study, including a sin-
gle institutional experience, the small sample size due to the
rarity of this metastatic pattern, and its retrospective analysis.
In addition, new biologic chemotherapeutic regimens were
not used in most of the patients, and therefore, we could not
analyze the prognostic factors after neoadjuvant treatment. 

PALND might be beneficial in carefully selected patients
with low CEA levels and less extensive PALNM.
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Purpose
The aims of this study were to investigate trends of aggressive treatment of non-small cell
lung cancer (NSCLC) patients at the end-of-life (EOL) during the recent 5 years and examine
the relationship between hospice consultation (HC) and aggressive care.

Materials and Methods
The medical records of 789 patients with stage IIIB-IV NSCLC at Seoul National University
Hospital (SNUH) who received palliative chemotherapy and died from 2010 to 2014 were
retrospectively reviewed. Indicators of aggressive treatment were evaluated, and the asso-
ciation of HC with these indicators was analyzed.

Results
During the last 5 years, the frequency of HC increased from 26.7% to 43.6%. The time 
interval from last chemotherapy to death increased, and the proportion of patients who 
received palliative chemotherapy, visited an emergency room, were admitted to intensive
care unit, during the last month of life, and died in SNUH significantly decreased over time.
Referral to HC was significantly associated with lower intensive care unit admission rates,
lower out-of-hospital death rates, and less use of the chemotherapy within 1 month prior to
death. Overall survival did not differ by HC.

Conclusion
The pattern of cancer care near the EOL has become less aggressive when HC was provided.
The positive association of HC with better EOL care suggests that providing HC at the optimal
time might help to avoid futile aggressive treatment.

Key words
Non-small cell lung carcinoma, Aggressiveness, Hospice care, 
Terminal care, Palliative care, Drug therapy
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Introduction

The survival rate of cancer has improved with the devel-
opment of early diagnosis and improvement of treatment
modalities [1]. In particular, during the recent 5 to 10 years,
molecular agents that target epidermal growth factor recep-
tor (EGFR)– or anaplastic lymphoma kinasedriven non-
small cell lung cancer (NSCLC) have enabled patients to
survive markedly longer [2]. Despite these striking advances,

lung cancer remains the leading cause of death among the
all cancer patients and accounts for 180 per 100,000 deaths
annually in Korea [3].

Advanced lung cancer patients usually need intubation
and mechanical ventilation for respiratory failure; therefore,
most of their precious remaining days at end-of-life (EOL)
are spent in the intensive care unit (ICU) [4]. Moreover, as
their disease progresses, they often seek care at the emer-
gency room (ER) for pneumonia or complications of brain
metastases, which is a frequent site of lung cancer metastasis
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[5,6]. Although evidence does not clearly support a survival
benefit of chemotherapeutic agents beyond third line regi-
mens, sequential chemotherapies are commonly adminis-
tered to impede cancer progression [7]. Consequently, these
practice patterns increase the use of aggressive strategies for
terminal lung cancer patients and thereby decrease provision
of EOL care [8,9]. 

Although attention to hospice care among patients, fami-
lies and physicians has increased in recent years [10-13] and
early palliative care can lead to better quality of life in
NSCLC [14], the referral to hospice care is still performed too
infrequently and initiated too late [15,16]. To achieve ade-
quate and timely utilization of hospice resources, hospice
consultation (HC) should be the primary step towards hos-
pice referral. However, little is known about the effect of HC
on the aggressive care at the EOL [17,18].

In Korea, perceptions of the quality of care near the EOL
have recently increased [19]. To address these changing sit-
uations, we designed this cross-sectional study to describe
the current trends of aggressive care and EOL cares received
by NSCLC patients in a single institution over 5 recent years,
2010-2014, and examine the relationship between hospice
consultation and aggressive care.

Materials and Methods

1. Study design and patients

A retrospective study was conducted of patients with stage
IIIB-IV NSCLC who received palliative chemotherapy in a
tertiary referral hospital (Seoul National University Hospital
[SNUH]) and died from January 1, 2010 to December 31,
2014. Most patients seeking care at SNUH are referred from
primary or secondary hospitals. To investigate aggressive-
ness of care, we included only patients who were not trans-
ferred from other hospitals and not lost to follow-up during
treatment. We excluded patients who did not receive chemo-
therapy from the analysis. EGFR tyrosine kinase inhibitor
(TKI) use, according to mutation status, was classified into
three groups: “matched group” included patients who 
received an EGFR TKI and had the evidence of EGFR muta-
tion, “non-matched” included those who received an EGFR
TKI without evidence of EGFR mutation, and “TKI non-use”
included those who did not receive an EGFR TKI. Date of
death was obtained from each patient’s medical record or the
death registration database of the Korean National Statistical
Office. 

2. The indicators of aggressive care

We modified the indicators for aggressive care from the 
indicators of Earle et al.’s [20] to the following: (1) number
of palliative chemotherapy regimens, (2) time interval 
between last dose of systemic chemotherapy and death, (3)
ER visit within a month of death, (4) ICU admission within
a month of death, (5) no effective do-not-resuscitate (DNR)
documentation, (6) never underwent consultation for hospice
care, and (7) in-hospital death. Intrathecal chemotherapy,
such as methotrexate or thiotepa, was excluded from sys-
temic chemotherapy. DNR documentation was regarded 
effective when this choice was documented before cardiopul-
monary resuscitation (CPR), including cardiac massage or
intubation, was performed. Time between HC and death was
also recorded. Details about the site of death (general ward
or ICU) were recorded. Deaths at home, local hospital (pri-
mary or secondary hospital), or local hospice care facility
were all counted as out-of-hospital deaths, not as in-hospital
deaths.

3. Hospice palliative care and hospice consultation

As SNUH is a tertiary hospital without an inpatient ward
for hospice palliative care (HPC), cancer patients in SNUH
facing terminal or advanced stage have communication
about their disease status and expected outcomes for the
coming days with their attending physicians. The patients
and family meet the nurses specialized for HPC with more
than 10 years of hospice care experience after the patient
agreed to the interview. The specialized HPC nurse provides
the introduction of HPC including general concept and com-
ponents. They also evaluate the physical and psychosocial
discomfort, family support, spiritual needs, and perception
of illness and goal of care of the patients, and discuss the 
detailed, comprehensive HPC plan through multidiscipli-
nary team meetings held twice a week with oncologists, HPC
nurses, social workers and chaplains. Patients and family
caregivers also obtain information about how to communi-
cate and to be connected with local HPC facilities or home
hospice care. Advance care planning is also the major com-
ponent of HPC via HC. The HPC nurse can help patients and
family caregivers to make decision making by assisting them
to clarify their own belief, wishes, and goals of care and to
weigh risks and benefits of all the possible options.

4. Statistical analysis

Descriptive data was presented as mean value and stan-
dard deviation (SD) or number with percentile. To compare
trends of aggressive care over time, a trend test was per-
formed. To examine the association of aggressive care uti-
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lization with HC, we performed Student t test for continuous
variables and chi-square test for categorical variables. Over-
all survival (OS) was defined as time from the date of pallia-
tive diagnosis (stage IIIB or IV) to the date of death using
Kaplan-Meier estimation. The log-rank test was performed
to compare OS according to HC. Statistical significance was
defined as two-sided p < 0.05. All statistical tests were two-
sided and were performed using STATA ver. 12 software
(StataCorp LP, College Station, TX).

5. Ethical statement

The Institutional Review Board (IRB) of Seoul National
University Hospital approved the study protocol (IRB num-
ber: 1703-154-840). All studies were conducted according to
the guidelines of the Declaration of Helsinki for biomedical
research. The informed consent was waived.

Results

1. Patient demographics and clinical characteristics by year
of death

The electronic medical records of 894 patients with stage
IIIB-IV NSCLC who were treated with palliative chemother-
apy and died from 2010 to 2014 were reviewed. Among these
894 patients, only those 789 patients who maintained SNUH
follow-up visits near their death were included in the analy-
sis. Table 1 shows their demographics and clinical character-
istics at the time of diagnosis according to the year of death.
Median age was 62 years, ranging from 24 to 88 years. In all
5 years, the majority of patients was male (from 57% to
65.5%) and had the histologic type adenocarcinoma (from
66.0% to 86.5%). In 2012 and 2014, more than half of total 
patients were current or ex-smokers.

Table 1. Baseline demographic and clinical characteristics by the year of death 
Total 2010 2011 2012 2013 2014

Characteristic population (n=105, (n=112, (n=203, (n=213, (n=156, 
(n=789) 13.3%) 14.2%) 25.7%) 27.0%) 19.8%)

Age at palliative diagnosis
Median (range) 62 (24-88) 59 (25-83) 61 (31-84) 65 (29-88) 63 (25-87) 61.5 (24-87)

Sex
Male 483 (61.2) 63 (60.0) 71 (63.4) 133 (65.5) 127 (59.6) 89 (57.0)
Female 306 (38.8) 42 (40.0) 41 (36.6) 70 (34.5) 86 (40.4) 67 (43.0)

Histology
ADC 596 (75.5) 70 (66.7) 82 (73.2) 134 (66.0) 175 (82.2) 135 (86.5)
SqCC 112 (14.2) 14 (13.3) 18 (16.1) 37 (18.2) 26 (12.2) 17 (10.9)
Others 81 (10.3) 21 (20.0) 12 (10.7) 32 (15.8) 12 (5.6) 4 (2.6)

Smoking history
Never-smoker 370 (47.1) 55 (53.9) 56 (50.0) 78 (38.4) 109 (51.2) 72 (46.2)
Current or ex-smoker 416 (52.9) 47 (46.1) 56 (50.0) 125 (61.6) 104 (48.8) 84 (53.8)

Palliative reason
Initial 721 (91.4) 93 (88.6) 100 (89.3) 189 (93.1) 198 (93.0) 141 (90.4)
Recurred 68 (8.6) 12 (11.4) 12 (10.7) 14 (6.9) 15 (7.0) 15 (9.6)

Site of metastasis
Brain 213 (27.0) 21 (20.0) 30 (26.8) 50 (24.6) 65 (30.5) 47 (30.1)
Lung 292 (37.0) 60 (57.1) 42 (37.5) 75 (36.9) 58 (27.2) 57 (36.5)
Liver 122 (15.5) 13 (12.4) 26 (23.2) 27 (13.3) 30 (14.1) 26 (16.7)
Bone 307 (38.9) 35 (33.3) 37 (33.0) 83 (40.9) 83 (39.0) 69 (44.2)
LN 196 (24.8) 28 (26.7) 35 (31.3) 43 (21.2) 51 (23.9) 39 (25.0)
Pleura 211 (26.7) 30 (28.6) 28 (25.0) 45 (22.2) 57 (26.8) 51 (32.7)
Othera) 126 (16.0) 20 (19.0) 22 (19.6) 37 (18.2) 27 (12.7) 20 (12.8)

Values are presented as number (%) unless otherwise indicated. ADC, adenocarcinoma; SqCC, squamous cell carcinoma; LN,
lymph node. a)Other location of metastasis included pericardium, chest wall, adrenal gland, kidney, peritoneum, bowel, and
soft tissue.
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2. Trends of aggressive care over time

The mean number of palliative chemotherapy regimens
was 3.0±1.6 (SD). The mean time interval between death and
last chemotherapy was 75.9±88.7 (SD) days (range, 1 to 855
days) (Table 2). More than 90% of patients received chemo-
therapy within 6 months of death, and treatment was main-
tained until 1 month before death in one-third of patients.
Among 789 patients, 52.0% (n=410) visited an ER within a
month of death, and the mean number of ER visits was
0.7±0.7 (SD). Ten percent of patients (n=79) were admitted to
ICU within a month of death. 

Regarding EOL care, 31.9% (n=252) of patients signed a
DNR form. Approximately one-third of 789 patients (n=277)
underwent more than one face-to-face consultation for HPC
with the nurse practitioner by the referral from their physi-
cians. The mean time interval between death and HC was
45.2±58.2 (SD) days. 

We regarded out-of-hospital death as deaths that did not
occur in SNUH. The proportion of patients who died in a
SNUH general ward was 24% (n=189), whereas 69.3% of
them (n=547) died out-of-hospital. The remaining 6.7% of 
patients (n=53) died in the SNUH ICU. 

Except for the year 2010, the time interval between last
dose of chemotherapy and death increased over time (from
59.1 to 98.1 days). The proportion of patients who visited an
ER or were admitted to the ICU during the last month of life
tended to decrease over time (from 67.9% to 42.3% and from
10.5% to 4.5%, respectively). Similarly, DNR documentation
rate and out-of-hospital death rate increased over time (from
49.1% to 22.4% and from 47.3% to 83.3%, respectively). Dur-

ing all the years evaluated, upward trend was observed for
the proportion of patients provided HC (from 26.7% to
43.6%). Tests for trend indicted significant change over time
in the time interval between last chemotherapy and death
(p=0.001), the presence and the number of ER visits (p < 0.001
for both indicators), the number of ICU admissions (p < 0.001),
DNR documentation rate (p=0.025), HC rate (p=0.003), and
out-of-hospital death rate (p < 0.001).

3. The association of hospice consultation with aggressive
care

Hospice consultation was associated with the number of
palliative chemotherapy regimens (3.4 in the HC group vs.
2.8 in the no consultation group, p < 0.001), the rates of ICU
admission within a month of death (3.6% in the HC group
vs. 13.5% in the no consultation group, p < 0.001), and the
out-of-hospital death rates (76% in the HC group vs. 65.4%
in the no consultation group, p=0.001) (Table 3). The time 
interval between the last chemotherapy dose and death did
not differ between these two groups. However, when this
time interval was categorized into 1 week, 2 weeks, and 
1 month, the proportion of patients receiving chemotherapy
in the last period of death in the HC group was significantly
lower than that in the no consultation group. Neither the
rates of ER visits nor DNR documentation were associated
with HC (p=0.450 and p=0.232, respectively). The OS of 
patients who did and did not receive HC did not differ 
(median OS, 14.8 months [95% confidence interval, 13.0 to
15.9] vs. 13.4 [95% confidence interval, 12.0 to 14.8], respec-
tively; p=0.651) (Fig. 1).

Variable
Hospice consultation

Yes (n=277) No (n=512)
p-value

No. of palliative chemotherapy regimens 3.4±1.5 2.8±1.5 < 0.001
Time between death and last chemotherapy 73.3±66.4 77.2±98.8 0.550
ER visit within a month before death 149 (53.8) 261 (51.0) 0.450
ICU admission within a month before death 10 (3.6) 69 (13.5) < 0.001
DNR documentation 81 (29.2) 171 (33.4) 0.232
Out-of-hospital death 212 (76.5) 335 (65.4) 0.001
Chemotherapy within 6 mo before death 259 (93.5) 473 (92.4) 0.562
Chemotherapy within 3 mo before death 205 (74.0) 369 (72.1) 0.560
Chemotherapy within 2 mo before death 147 (53.1) 304 (59.4) 0.088
Chemotherapy within 1 mo before death 69 (24.9) 175 (34.2) 0.007
Chemotherapy within 2 wk before death 24 (8.7) 90 (17.6) 0.001
Chemotherapy within 1 wk before death 8 (2.9) 45 (8.8) 0.002

Table 3. Association of hospice consultation with aggressive care

Values are presented as mean±standard deviation or number (%). ER, emergency room; ICU, intensive care unit; DNR, 
do-not-resuscitate order.
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4. The association of EGFR TKI use matched for mutation
status with aggressive care

Among 789 patients, 251 (31.8%) received EGFR TKI with
known EGFR activating mutation, 211 (26.7%) without EGFR
mutation, and 326 (41.5%) did not receive an EGFR TKI. Most
indicators of aggressive care did not differ between these
three groups, except for numbers of palliative chemotherapy
regimens and HC (Table 4). The number of chemotherapy
regimens varied by group: non-matched group, highest;
matched group, second highest; and TKI non-use group,
lowest (p < 0.001). The TKI non-use group received HC sig-

nificantly less often (29.4%) and had with the shortest mean
time interval between HC and death (35.0 days) than the
other two groups (p=0.020 and p=0.018, respectively).

Discussion

Our study described the current trends of aggressive care
and EOL care of patients with advanced NSCLC in the most
recent 5 years. We found that the patterns of cancer care near
the EOL have become less aggressive and use of HC has 
become more frequent. Patients who were referred to HC
were likely to stop the last chemotherapy earlier, to visit ERs
less often, be admitted to ICUs less often, and to die outside
our referral hospital more often. Furthermore, HC was not
associated with shortened OS. 

The proportion of NSCLC patients receiving HC increased
from 26.7% in 2010 to 43.6% in 2014. The latter is higher than
those reported in the same institution in 2002 (9.1%) [21] and
in 2012 (37.6%) [12]. In addition, in our study, HC was initi-
ated earlier than reported in previous studies [12,21] and
showed an increasing trend over these 5 years. These find-
ings might be attributed to temporal changes in acceptance
of death and EOL care [11] and increased support for hospice
care services.

The reduction in the proportion of patients hospitalized in
ICUs may be related to increase in the frequency of HC. The
admission of terminal cancer patients to an ICU often results
from impending CPR or post-CPR events due to disease pro-
gression rather than from reversible or preventable causes
[22]. This futile aggressive ICU care of terminal cancer 
patients, including mechanical support and frequent labora-

Fig. 1.  Overall survival by hospice consultation in 789 
patients with non-small cell lung cancer.

Pr
ob

ab
ilit

y o
f o

ve
ra

ll s
ur

viv
al

1.0

0

0.5

0
Time (mo)

4020 1008060

p=0.651

Hospice consultation (+)
Hospice consultation (–)

Variable
EGFR TKI use matched for mutation status

Matched use Non-matched use TKI non-use
p-value

No. of palliative chemotherapy regimens 3.0±1.6 3.8±1.5 2.4±1.3 < 0.001
Time between death and last chemotherapy 72.8±77.2 74.1±84.1 79.2±98.7 0.287
ER visit within a month before death 98 (46.4) 130 (51.6) 182 (55.8) 0.103
ICU admission within a month before death 21 (8.3) 16 (7.6) 42 (12.9) 0.076
DNR documentation 60 (28.4) 80 (31.7) 112 (34.4) 0.355
Hospice consultation 81 (38.9) 100 (39.7) 96 (29.4) 0.02
Time between hospice consultation and death 61.0±81.9 52.8±62.4 35.0±42.9 0.018
Out-of-hospital death 159 (29.1) 167 (30.5) 221 (40.4) 0.079

Table 4. Association of use of EGFR TKI matched to mutation status with aggressive care

Values are presented as mean±standard deviation or number (%). EGFR, epidermal growth factor receptor; TKI, tyrosine
kinase inhibitor; ER, emergency room; ICU, intensive care unit; DNR, do-not-resuscitate order.
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tory tests, improves neither survival outcome nor quality of
life [23,24]. HC focuses mostly on advance care planning,
elicits the values and preferences about aggressive care, such
as CPR or mechanical ventilation, of patients and family, and
helps them to make clear decisions about futile aggressive
care [17]. When the patients do not receive HC, they have a
little opportunity to understand the consequences of futile
aggressive treatment. 

Regarding the place of death, in-hospital death in a tertiary
hospital, which is not considered an appropriate, ideal place
of death, decreased markedly over time. This observation
may also be related to a parallel increase in HC. SNUH, as a
tertiary hospital, has a majority of patients who are referred
in for chemotherapy, and out to local hospital or HPC facility
in terminal cancer setting with limited role of chemotherapy.
During HC, patients receive information about current status
and prognosis, but also how to spend their remaining life
meaningfully with their loved ones in comfortable and 
familiar places. Because patients in SNUH are often from dif-
ferent locations in the country, transfer to a local hospital
near home might be beneficial for patients, families, and hos-
pitals in terms of local resource utilization and better quality
of EOL.

There is still a drawback in our descriptive study that it is
hard to show no direct cause-and-effect relationship between
HC and aggressive EOL care, and there may be a third factor
affecting EOL care in addition to HC, such as increased
awareness and positive change of attitudes of physicians 
toward HPC and EOL care. Unfortunately, because of the ret-
rospective study design, we could not evaluate whether the
physicians differently perceived the essence of HPC and
good EOL care over time in this study. However, in a Korean
survey of attitudes toward HPC in 128 doctors caring cancer
patients performed in 2010 [13], they completely answered
that they were aware of the necessity of HPC for terminal
cancer patients, and 47.7% of them noted that the most com-
mon barrier to hospice referral was “refusal of patient or
family.” This finding suggests that actual utilization of EOL
care is influenced significantly by attitudes of patients or
family [25,26], which might be changed by HC.

Although other indicators, including ICU admission,
changed in a positive direction, the DNR documentation rate
decreased unexpectedly over time and was not related to
HC. This can be explained to be the fact that a DNR author-
ization was signed by only 10% of patients who died in a dif-
ferent location than a general ward or ICU of the tertiary
hospital SNUH. In Korea, DNR documentation is usually 
obtained only when death is very imminent. In previous
studies of DNR documentation by Korean cancer patients
[27,28], the median time interval from DNR consent to death
ranges from 1.76 to 6 days, which was shorter than that 
reported in the United States [29]. This short time does not

permit enough opportunity to elicit personal value and
goals, to contemplate options, and to clarify preferences for
treatment. Moreover, there is no guideline for standardized
DNR documentation format and appropriate timing in
Korea. Currently, a standardized DNR format is not shared
between hospitals; hence, further systematic support is
needed. 

The rate of ER visits decreased over time, but a statistical
relationship with HC was not observed. The improvements
in the prevention and management of chemotherapy-related
side effects and wider use of oral or sublingual analgesics
may have contributed to the reduction in ER visits. However,
unlike ICU admission, it is difficult to avoid ER visits due to
acute problems, such as respiratory distress or altered mental
status [5], even if the patient is aware of their terminal status
and prognosis. Regardless of HC, patients might overburden
the ER of the tertiary hospital due to lack of regional medical
facilities for these acute causes. Further solutions, such as
home hospice care, should be considered.

Unlike previous studies in Korea [5,12,21,30], our study
showed a significant temporal decrease in the use of chemo-
therapy within 6, 3, 2, and 1 month of death, although the
number of chemotherapy regimens remained unchanged. In
addition, patients receiving HC underwent less chemother-
apy within 1 month, 2 weeks, 1 week of death than those who
did not receive HC. Developing anticancer therapies, cultural
differences from Western countries and lower costs of cancer
treatment [31] have been suggested as reasons for more 
aggressive cancer treatment in Korea [12,21,30]. However,
our findings suggest that HC can provide patients and family
opportunities to balance the risks and benefits, thereby
avoiding futile chemotherapy, and give doctors a clearer pic-
ture of patient wishes. However, our observation that 
patients who received HC underwent more chemotherapy
regimens is somewhat difficult to interpret. Previously, hos-
pice care was widely believed to lead to giving up treatment
[16]. The advent of new chemotherapeutic agents has 
increased the options for anti-cancer therapy, which tends to
delay hospice care until patients and physicians attempt
some form of chemotherapy [16]. 

We also examined whether the use of molecular targeted
agents, which have fewer adverse reactions than cytotoxic
chemotherapy, was associated with more aggressive end-
of-life care. Our results indicate that use of targeted agents
does not appear to lead to more aggressive the treatments
during the late stages. This differs from the findings of a pre-
vious study of diverse cancer patients that reported that tar-
geted agents utilized in patients who received more than two
regimens of chemotherapy were related to a shorter time
from stopping chemotherapy to death [12]. Unlike previous
studies that expected that oral chemotherapeutic might be
continued until the death [30], we found that EOL care is rel-
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atively stable in patients taking targeted such agents. 
The present study has unique strengths and suggests the

following clinical implications. First, these favorable trends
of aggressive cancer care may be explained in part by the 
efforts to expand HPC [13]. In addition, our findings imply
that HC may help improve the outcomes of EOL care if it is
delivered at an appropriate time. Currently in Korea, to date,
the legal indications for HPC include only patients in their
terminal disease status. For this reason, most of HCs are per-
formed at the terminal or pre-terminal status. As the emerg-
ing concepts of early palliative care are adopted by clinical
practice [14,32], HC could play a role as a bridge between
early palliative care and HPC at the EOL in pre-terminal can-
cer patients. To reduce the frequency of ER visits and 
improve DNR documentation rates, further hospice practices
that go beyond mere consultation is required.

Our study has several limitations. First, this study is retro-
spective. Second, although we suggest some hypothetical 
explanations, this observational study cannot prove a causal
sequence between HC and associated outcomes. Factors
which may affect the actual utilization of aggressive EOL
care varies from not only attitudes of patients and family for
EOL care [25,26], but also to changes of perception of the

physicians [33], clinical practice pattern including selection
of anti-cancer therapy [12], or the accessibility of EOL care
resource [34]. However, in this study, we did not develop
predictive model including all relevant factors. Further well-
designed prospective study including multiple factors men-
tioned above is needed to explain the determinants of the
quality of EOL care in NSCLC. Third, because we examined
only Korean NSCLC patients followed in a single institution,
generalizability may be limited. The trends of aggressive care
for other malignancies should be investigated in a multi-cen-
ter study.

We described the current trends of less aggressive care in
NSCLC patients for 5 recent years, including the use of 
molecular targeted agents, and demonstrated meaningful
and positive associations of HC with better EOL care. To pre-
vent avoidable and futile aggressive care at the EOL, HC at
the optimal time should be provided to advanced NSCLC
patients. 
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Purpose
This descriptive study was aimed to examine trends in the incidence of melanoma and non-
melanoma in South Korea. 

Materials and Methods
The nationwide incidence data for melanoma and non-melanoma skin cancer was obtained
from the Korea Central Cancer Registry. Age-standardized rates were calculated and ana-
lyzed, using a Joinpoint regression model.    

Results
The incidence of basal cell carcinoma has increased dramatically both in men (average 
annual percentage change [AAPC], 8.0 [95% confidence interval (CI), 6.0 to 10.1]) and
women (AAPC, 9.0 [95% CI, 7.5 to 10.4]). Squamous cell carcinoma has also steadily 
increased both in men (AAPC, 3.3 [95% CI, 2.6 to 4.0]) and women (AAPC, 6.8 [95% CI, 5.3
to 8.4]). Cutaneous melanoma increased continuously from 1999 to 2014 in women (AAPC,
3.5 [95% CI, 2.4 to 4.6]), whilst rapidly increasing in men until 2005 (APC, 7.9 [95% CI, 2.4
to 13.7]) after which no increase has been observed (APC, 0.2 [95% CI, 2.3 to 2.0]).  

Conclusion
The incidence rates of melanoma and non-melanoma skin cancer have increased over the
past years, with the exception of melanoma in men. Further studies are required to inves-
tigate the reasons for the increased incidence of these skin cancers in South Korea.
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Basal cell carcinoma

Chang-Mo Oh, MD, PhD1,2

Hyunsoon Cho, PhD1,3,4

Young-Joo Won, PhD1,4

Hyun-Joo Kong, MS1

Yun Ho Roh, MS1

Ki-Heon Jeong, MD, PhD5

Kyu-Won Jung, MS1

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

Correspondence: Kyu-Won Jung, MS
Cancer Registration and Statistic Branch, 
National Cancer Control Institute, 
National Cancer Center, 323 Ilsan-ro, 
Ilsandong-gu, Goyang 10408, Korea
Tel: 82-31-920-2175  
Fax: 82-31-920-2179
E-mail: jung.kyuwon73@gmail.com

Received  April 6, 2017
Accepted  July 10, 2017
Published Online  July 14, 2017

1Cancer Registration and Statistic Branch,
National Cancer Control Institute, 
National Cancer Center, Goyang, 
2Department of Preventive Medicine, Kyung
Hee University School of Medicine, Seoul,
3Cancer Surveillance Branch, Division of 
Cancer Registration and Surveillance, 
National Cancer Center, Goyang, 
4Department of Cancer Control and Policy,
Graduate School of Cancer Science and Policy,
National Cancer Center, Goyang, 
5Department of Dermatology, Kyung Hee
University School of Medicine, Seoul, Korea

Introduction

Skin cancer including melanoma and non-melanoma skin
cancer is one of the most commonly diagnosed types of can-
cer worldwide. In the United States, cutaneous melanoma is
expected to be the fifth leading cancer type in men and the
sixth in women in 2017 [1]. Although the incidence rate of
melanoma is much lower than that of basal cell carcinoma or

squamous cell carcinoma, melanoma has a much worse
prognosis [2]. 

Although melanoma and non-melanoma skin cancers are
commonly diagnosed in Western countries including the
United States [2-4], they are rare in Asian countries including
Korea [3-6]. In addition, incidence rates of melanoma in the
United States vary with respect to race and ethnicity [7]. 
Although studies have observed an increase in the incidence
of melanoma and non-melanoma skin cancer in Western



countries [3,4,7-11], some have reported that the incidence
among Asians and Pacific Islanders remain stable [4,7].

Few studies on the trends in the incidence of melanoma or
non-melanoma skin cancer among East Asian, which was
known as having low incidence rate compared to that of
Caucasian [3-6]. In addition, differences have been observed
in the incidence of non-melanoma skin cancer even within
the same Asian population [6,12,13].

The Korea Central Cancer Registry (KCCR), which covers
the entire Korean population, has provided reliable nation-
wide cancer incidence data since the year 1999 [14]. Although
few population-based cancer registries have provided inci-
dence rates of non-melanoma skin cancer, the KCCR has 
especially collected a nationwide incidence data of non-
melanoma skin cancer including squamous cell carcinoma
and basal cell carcinoma as well as cutaneous melanoma.
Therefore, this study aimed to examine the trends in inci-
dence of melanoma and non-melanoma skin cancer in Korea,
using data from the Korean nationwide cancer registry from
1999 to 2014.

Materials and Methods

1. Data sources

This descriptive study was based on the national cancer
registry database of South Korea. The Information about 
patients diagnosed with skin cancer between 1999 and 2014
was extracted from the Korean national cancer incidence
database of the KCCR. The KCCR covered the nationwide
cancer incidence in South Korea from 1999 [15]. The com-
pleteness of data of the KCCR for 2013 was estimated to be
97.8% [14]. The proportion of cases identified by death cer-
tificate only was about 1.1%. The proportions of microscopic
verification and unknown age for all skin cancers were 99.3%
and 0.0%, respectively, in 2014. Most cancer registries in
other countries do not collect information about non-
melanoma cancer. However, the KCCR has consistently pro-
vided nationwide incidence data for non-melanoma skin
cancer since 1999. Detailed information on the Korean 
national cancer incidence database has been described else-
where [14,15].

2. Case definitions

Skin cancer was defined according to site as “C43” and
“C44” according to the International Classification of Dis-
eases, 10th revision (ICD-10) code [16]. Melanoma was 
defined as having a morphology code of “8720-8790.” Skin

cancer with a morphology code of “8050-8078” or “8083-
8084” was classified as squamous cell carcinoma and skin
cancer coded as “8090-8098” was classified as basal cell car-
cinoma according to the International Classification of Dis-
eases for Oncology, third edition (ICD-O-3) code [17,18]. Skin
cancer sites were categorized into sun-exposed sites (face and
neck: ICD-10 codes for C430-C433, C440-C443), and sites that
are usually not exposed to sun (trunk and lower limbs: ICD-
10 codes for C435, C437, C445, C447), to perform subgroup
analysis. 

3. Statistical analysis

The baseline characteristics of patients with skin cancer are
presented according to the histological subgroup in Table 1.
The mean age of patients was compared using ANOVA. The
number (%) of study participants are described according to
the age at diagnosis (< 40, 40-59, 60-79, and  80 years), sex,
and year of diagnosis (1999-2002, 2003-2006, 2007-2010, and
2011-2014). A chi-square test was performed to assess the 
relationship between categorical variables and histological
subgroup of skin cancer. 

Age-standardized incidence rates were calculated as the
sum of weighted incidence rate for each 5-year age group
using the Segi’s world standard population [19]. The age-
standardized incidence rates for melanoma, squamous cell
carcinoma, and basal cell carcinoma are expressed as number
of new cases per 100,000 people. The Joinpoint regression
model is a piecewise linear regression analysis that examines
trends in rates and identifies statistically significant changes
over time [20]. This model was used to detect the best-fitting
points where there are significant changes in the incidence
trend for melanoma, squamous cell carcinoma and basal cell
carcinoma. Annual percent changes (APC) were used to
summarize trends in incidence for each interval. In addition,
the average annual percent change (AAPC) was also calcu-
lated as a weighted average of APCs to summarize the trend
over the entire period between 1999 and 2014. APC and
AAPC present percent change and average percent change
per 1 year, respectively. Subgroup analysis was performed
according to the age group, and the legions were divided into
sites exposed to sun and sites that are not.

p-values less than 0.05 were considered statistically signif-
icant. All statistical analyses were performed using Stata ver.
12.0 (StataCorp LP, College Station, TX) and SAS ver. 9.3
(SAS Institute Inc., Cary, NC) and Joinpoint regression pro-
gram ver. 4.1.1 (Surveillance Research Program, National
Cancer Institute, Bethesda, MD). 
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4. Ethical statement

The study was approved by the Institutional Review Board
of National Cancer Center (NCC2017-0043) and performed
in accordance with the principles of the Declaration of
Helsinki. The informed consent was waived.

Results

1. Baseline characteristics

In South Korea, 6,207 cases were diagnosed as cutaneous
melanoma, 12,516 cases as squamous cell carcinoma and
22,283 cases as basal cell carcinoma, between 1999 and 2014

Chang-Mo Oh, Increase in the Incidence Rates of Skin Cancer

Table 1. Baseline characteristics of patients with cutaneous melanoma, squamous cell carcinoma, and basal cell carcinoma
in Korea, from 1999 to 2014
Variable Cutaneous melanoma Squamous cell carcinoma Basal cell carcinoma p-value
Total 6,207 (100) 12,516 (100) 22,283 (100)
Age at diagnosis (yr)

Mean±SD 60.5±15.7 72.2±13.7 67.3±12.6 < 0.001a)

< 40 604 (9.7) 296 (2.4) 605 (2.7)
40-59 2,097 (33.8) 1,842 (14.7) 4,922 (22.1)
60-79 2,928 (47.2) 6,178 (49.3) 13,185 (49.2)
 80 578 (9.3) 4,200 (33.6) 3,571 (16.0)

Sex
Male 3,003 (48.4) 5,286 (42.2) 9,621 (43.2) < 0.001b)

Female 3,204 (51.6) 7,230 (57.8) 12,662 (56.8)
Year at diagnosis

1999-2002 941 (15.2) 1,513 (12.1) 2,108 (9.4) < 0.001b)

2003-2006 1,369 (22.0) 2,294 (18.3) 3,856 (17.3)
2007-2010 1,779 (28.7) 3,609 (28.8) 6,677 (30.0)
2011-2014 2,118 (34.1) 5,100 (40.8) 9,642 (43.3)

Values are presented as number (%) and mean±standard deviation. a)ANOVA was performed to test differences between two
continuous variables, b)Chi-square tests were performed to determine if there were significant relationships between categorical
groups.

Table 2. Distribution of primary tumor sites of cutaneous melanoma, squamous cell carcinoma, and basal cell carcinoma in
Korea, from 1999 to 2014

Tumor site Cutaneous melanoma Squamous cell carcinoma Basal cell carcinoma
(n=6,207) (n=12,516) (n=22,283)

Lip 48 (0.8) 627 (5.0) 556 (2.5)
Eyelid 101 (1.6) 464 (3.7) 3,076 (13.8)
Ear 72 (1.2) 1,025 (8.2) 978 (4.4)
Face (other parts) 725 (11.7) 5,608 (44.8) 13,783 (61.9)
Scalp and neck 232 (3.7) 1,014 (8.1) 1,615 (7.2)
Trunk 827 (13.3) 873 (7.0) 1,078 (4.8)
Upper limb 976 (15.7) 969 (7.7) 206 (0.9)
Lower limb 2,621 (42.2) 1,617 (12.9) 366 (1.6)
Overlapping legions 39 (0.6) 73 (0.6) 114 (0.5)
Unknown 566 (9.1) 246 (2.0) 511 (2.3)

Values are presented as number (%).
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(Table 1). The mean age of patients with squamous cell car-
cinoma and basal cell carcinoma were 72.2±13.7 years and
67.3±12.6 years, respectively. Patients with cutaneous
melanoma (60.5±15.7 years) were younger than those with
non-melanoma skin cancer (p < 0.001). About 50% of all 
patients with skin cancer were between the ages of 60 and 79
years. With respect to sex, there were more female patients
than male patients, and the proportion of female patients
with squamous cell carcinoma (57.8%) and basal cell carci-
noma (56.8%) was comparatively higher than that of female
patients with cutaneous melanoma (51.6%) (p < 0.001). The
number of patients diagnosed with melanoma and non-
melanoma skin cancer has increased over time.

Table 2 shows the distribution of primary tumor sites of
cutaneous melanoma, squamous cell carcinoma, and basal
cell carcinoma. More than 50% of the non-melanoma skin
cancer cases developed on the head and neck including the
face, while cutaneous melanoma were mainly detected at the
lower limbs (42.2%), followed by the upper limbs (15.7%)
and the trunk (13.3%).

2. Incidence rate of melanoma and non-melanoma skin can-
cer

The age-standardized incidence rates of cutaneous
melanoma, squamous cell carcinoma, and basal cell carci-
noma during 1999-2014 were 0.66, 1.34, and 2.45 per 100,000
people for men, and 0.58, 1.04, and 2.07 per 100,000 for
women, respectively (Table 3). During 1999-2002 and 2011-
2014, the basal cell carcinoma incidence rate has notably 
increased from 1.18 to 2.35 in men (AAPC, 8.0 [95% confi-
dence interval (CI), 6.0 to 10.1]) and from 0.98 to 2.25 in
women (AAPC, 9.0 [95% CI, 7.5 to 10.4]). The incidence rate
of squamous cell carcinoma has increased more rapidly in
women (AAPC, 6.8 [95% CI, 5.3 to 8.4]) than in men (AAPC,
3.3 [95% CI, 2.6 to 4.0]). The age-standardized incidence rate
of cutaneous melanoma has also increased from 0.51 in 1999-
2002 to 0.67 in 2011-2014 among men (AAPC, 3.0 [95% CI, 0.8
to 5.3]), and from 0.43 in 1999-2002 to 0.60 in 2011-2014
among women (AAPC, 3.5 [95% CI, 2.4 to 4.6]).
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Study period
Category Overall

1999-2002 2003-2006 2007-2010 2011-2014
AAPC (95% CI, %)

(1999-2014)
Men

Cutaneous melanoma 0.66 0.51 0.66 0.72 0.67 3.0 (0.8 to 5.3)*
Sun-exposed region 0.16 0.11 0.15 0.16 0.15 5.1 (0.8 to 9.5)*
Nonsun-exposed region 0.41 0.30 0.39 0.43 0.44 2.4 (0.7 to 4.3)*

Squamous cell carcinoma 1.34 0.95 1.08 1.29 1.28 3.3 (2.6 to 4.0)*
Sun-exposed region 0.79 0.53 0.64 0.80 0.94 4.5 (3.4 to 5.6)*
Nonsun-exposed region 0.35 0.32 0.35 0.34 0.35 1.1 (0.2 to 2.4)

Basal cell carcinoma 2.45 1.18 1.63 2.44 2.35 8.0 (6.0 to 10.1)*
Sun-exposed region 1.92 1.01 1.44 2.12 2.56 8.2 (6.0 to 10.5)*
Nonsun-exposed region 0.21 0.11 0.14 0.21 0.27 8.3 (5.9 to 10.9)*

Women
Cutaneous melanoma 0.58 0.43 0.54 0.62 0.60 3.5 (2.4 to 4.6)*

Sun-exposed region 0.15 0.09 0.14 0.13 0.15 6.4 (2.5 to 10.4)*
Nonsun-exposed region 0.35 0.24 0.31 0.35 0.42 4.8 (4.2 to 6.4)*

Squamous cell carcinoma 1.04 0.59 0.85 1.13 1.11 6.8 (5.3 to 8.4)*
Sun-exposed region 0.81 0.42 0.61 0.88 1.03 6.7 (2.9 to 10.7)*
Nonsun-exposed region 0.18 0.14 0.17 0.17 0.19 3.4 (2.1 to 4.8)*

Basal cell carcinoma 2.07 0.98 1.67 2.34 2.25 9.0 (7.5 to 10.4)*
Sun-exposed region 1.92 0.91 1.57 2.12 2.60 9.3 (7.6 to 10.9)*
Nonsun-exposed region 0.14 0.07 0.09 0.15 0.18 11.4 (7.3 to 15.7)*

Table 3. Age-standardized incidence rate for cutaneous melanoma, squamous cell carcinoma, and basal cell carcinoma by sex 

The age-standardized incidence rates are presented as incidence cases per 100,000 people using Segi’s world standard popu-
lation as standard population. Skin cancer sites were categorized into sun-exposed sites (face and neck: ICD-10 codes C430-
C433, C440-C443) and sites that are not usually exposed to sun (trunk and lower limbs: ICD-10 codes C435, C437, C445, C447).
The unit for AAPC was expressed as % per 1 year. AAPC, average annual percent change; CI, confidence interval; ICD-10, 
International Classification of Diseases, 10th revision. *p < 0.05.
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3. Joinpoint regression analysis for trends in incidence of
melanoma and non-melanoma skin cancer

In the results of the Joinpoint regression analysis, the most
notable change was observed for basal cell carcinoma from
1999 to 2014 both in men and women (Fig. 1). Basal cell car-
cinoma has increased dramatically from 1999 to 2007 both in
men (APC, 11.3 [95% CI, 7.6 to 15.1]) and women (APC, 13.4
[95% CI, 10.7 to 16.1]). Since 2007, the increasing trend in the
age-standardized incidence rate of basal cell carcinoma has
been attenuated both in men (APC, 4.4 [95% CI, 1.9 to 7.0])
and women (APC, 4.1 [95% CI, 2.3 to 6.0]). The incidence rate
of squamous cell carcinoma has also steadily increased from
1999 to 2014 in men with a 3.3% APC (95% CI, 2.6 to 4.0). In
women, the incidence rate of squamous cell carcinoma rap-
idly increased from 1999 to 2007 (APC, 9.4 [95% CI, 6.7 to
12.3]) until the increasing trend was attenuated from 2007 to
2014 (APC, 3.9 [95% CI, 1.9 to 6.0]). The incidence rate of 
cutaneous melanoma has increased continuously from 1999
to 2014 in women (APC, 3.5 [95% CI, 2.4 to 4.6]), whereas in
men, the increase was rapid until 2005 (APC, 7.9 [95% CI, 2.4
to 13.7]) after which the increase was attenuated (APC, 0.2
[95% CI, 2.3 to 2.0]).

4. Trends in the incidence rate of melanoma and non-
melanoma by subsites

Subgroup analyses were conducted by categorizing sites
into sun-exposed sites and sites that were not exposed to sun.
The incidence rate of melanoma consistently increased
mainly in the sites that were not exposed to sun (Tables 3 and
4). Although the incidence rate of melanoma has increased
in the early period (1999-2002), it remained stable from 2003
to 2014 for both men and women (Table 3). Squamous cell
carcinoma incidence rate for the sites exposed to sun had a
larger increase than the incidence rate for sites that were not
exposed to sun, while basal cell carcinoma has significantly
increased regardless of the sun exposure. However, the 
absolute increase in the incidence rate between the period of
1999-2002 and 2011-2014 was greater in the sites exposed to
sun than in sites that were not exposed to sun.

5. Trends in the incidence rate of melanoma and non-
melanoma by age group

Age-stratified analysis was performed to explore whether
there were different trends in melanoma and non-mela-
nomas by age group. Of all age groups and sexes, the inci-
dence rates of melanoma, squamous cell carcinoma, and

Chang-Mo Oh, Increase in the Incidence Rates of Skin Cancer

Fig. 1.  (A) Trends in age-standardized incidence rates for melanoma, basal cell carcinoma, and squamous cell carcinoma in
Korean men, 1999-2014. (B) Trends in age-standardized incidence rates for melanoma, basal cell carcinoma and squamous
cell carcinoma in Korean women, 1999-2014. APC, anuual percent change. The age-standardized incidence rates are presented
as incidence cases per 100,000 people using Segi’s world standard population as standard population. Joinpoint regression
analysis was used to determine whether there were significant changes in trends in age-standardized incidence rates for the
period between 1999 and 2014. *p < 0.05.
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basal cell carcinoma among patients aged  80 years old
showed the largest increase (S1 and S2 Tables), while the 
incidence rates of melanoma and squamous cell carcinoma
among patients aged less than 40 years old did not increase
significantly. Interestingly, only basal cell carcinoma showed
a significant increasing trend among these patients. 

S3 and S4 Tables showed trend of melanoma, basal cell car-
cinoma and squamous cell carcinoma of face, because face
accounted for 61.9% of basal cell carcinoma.

Discussion

Our findings demonstrated that the incidence of cutaneous
melanoma, squamous cell carcinoma, and basal cell carci-
noma has increased from 1999 to 2014 (except for melanoma
skin cancer in men, which was observed to have attenuated

during 2005-2014) although these rates happen to be much
lower than previously reported among white skinned pop-
ulation.

Although little information on the trends in skin cancer in
Asian countries is available, there are several reports about
changes in the incidence of melanoma and non-melanoma in
Singapore [5,12], Hong-Kong [21], and Japan [22]. However,
the incidence of melanoma and non-melanoma shows differ-
ent trends, depending on the race and the country, even
within the population of Asians [12,13].

The incidence of melanoma has increased in most western
countries [23]. In the Unites States, the incidence increased
from 1992 to 2006 among the white-skinned population for
all age groups as well as with respect to tumor thickness [24].
In Denmark, the incidence of invasive melanoma increased
by 4.5% in men and by 4.3% in women, from 1985 to 2012
[25]. Contrary to the increasing trends in incidence of
melanoma in Western countries, the incidence of melanoma
has showed either stable or decreasing trends in Asian coun-
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Category
Trend 1 Trend 2   Trend 3

Year APC (95% CI, %) Year        APC (95% CI, %) Year APC (95% CI, %)
Men

Cutaneous melanoma 1999-2005 7.9 (2.4 to 13.7)* 2005-2014     0.2 (2.3 to 2.0) - -
Sun-exposed region 1999-2006 14.5 (5.4 to 24.3)* 2006-2014     2.5 (7.2 to 2.4) - -
Nonsun-exposed region 1999-2014 2.4 (0.7 to 4.3)* -                          - - -

Squamous cell carcinoma 1999-2014 3.3 (2.6 to 4.0)* -                          - - -
Sun-exposed region 1999-2014 4.5 (3.4 to 5.6)* -                          - - -
Nonsun-exposed region 1999-2014 1.1 (0.2 to 2.4) -                          - - -

Basal cell carcinoma 1999-2007 11.3 (7.6 to 15.1)* 2007-2014       4.4 (1.9 to 7.0)* - -
Sun-exposed region 1999-2007 11.5 (7.4 to 15.7)* 2007-2014       4.7 (1.9 to 7.5)* - -
Nonsun-exposed region 1999-2014 8.3 (5.9 to 10.9)* -                          - - -

Women                            
Cutaneous melanoma 1999-2014 3.5 (2.4 to 4.6)* -                          - - -

Sun-exposed region 1999-2003 21.7 (5.4 to 40.5)* 2003-2014       1.3 (0.9 to 3.5) - -
Nonsun-exposed region 1999-2014 4.8 (3.2 to 6.4)* -                          - - -

Squamous cell carcinoma 1999-2007 9.4 (6.7 to 12.3)* 2007-2014       3.9 (1.9 to 6.0)* - -
Sun-exposed region 1999-2001 3.6 (27.1 to 27.4) 2001-2007     13.8 (8.5 to 19.3)* 2007-2014 4.0 (2.1 to 5.9)*
Nonsun-exposed region 1999-2014 3.4 (2.1 to 4.8)* -                          - - -

Basal cell carcinoma 1999-2007 13.4 (10.7 to 16.1)* 2007-2014       4.1 (2.3 to 6.0)* - -
Sun-exposed region 1999-2006 14.6 (10.9 to 18.4)* 2007-2014       4.8 (3.2 to 6.4)* - -
Nonsun-exposed region 1999-2009 15.6 (10.1 to 21.4)* 2009-2014       3.5 (4.5 to 12.1) - -

Table 4. Joinpoint regression analysis for cutaneous melanoma, squamous cell carcinoma, and basal cell carcinoma by sex 

The age-standardized incidence rates are presented as incidence cases per 100,000 people using Segi’s world standard pop-
ulation as standard population. Joinpoint regression analysis was used to determine whether there were significant changes
in trends in age-standardized incidence rates for the period between 1999 and 2014. Skin cancer sites were categorized into
sun-exposed sites (face and neck: ICD-10 codes C430-C433, C440-C443) and sites that are not usually exposed to sun (trunk
and lower limbs: ICD-10 codes C435, C437, C445, C447). The unit for APC was expressed as % change per year. APC, annual
percent change; CI, confidence interval; ICD-10, International Classification of Diseases, 10th revision. *p < 0.05.

734 CANCER  RESEARCH  AND  TREATMENT



Chang-Mo Oh, Increase in the Incidence Rates of Skin Cancer

tries. The International Agency for Research on Cancer
(IARC) reported in a study that the incidence of melanoma
in most Asian countries were relatively low and stayed stable
[4]. The incidence rate of melanoma also remained stable
from 1967 to 1997 in Singapore [5]. Furthermore, there is 
evidence showing a decline in the incidence rate of
melanoma from 1983 through to 2002 in Hong Kong [21].

In our study, sex-related differences in the incidence rate
of melanoma were observed. There is evidence that since
2005, the incidence rate of melanoma has been stabilized in
men, whereas there has been a slight but steady increase in
the incidence of melanoma in women. Although we are 
uncertain about the exact reason why these trends vary in 
relation to sex, a previous study has also shown a rapid 
increase in ocular melanoma in women than in men [26]. Dif-
ferences in these trends in relation to sex may be partly due
to the differences in the medical behavior of men and
women. Men have lower participant rates for cancer screen-
ing than women [27]. In addition, a study reported that men
complained less of symptoms before being diagnosed with
uveal melanoma [28]. In our study, we observed that the
upper and lower extremities were predominant sites for
melanoma. A study demonstrated that cutaneous melanoma
occurred mainly at acral sites (such as the palm or sole or
nails or toenails) in South Korea [29]. Although these regions
are less likely to be exposed to direct sunlight, the effects of
increased ultraviolet exposure from other practices such as
indoor tanning, could be attributed to the increase in
melanoma. Indeed, Surveillance, Epidemiology, and End 
Results data in the United States showed that incidence rate
of melanoma has increased regardless of socioeconomic sta-
tus. This study suggests that the incidence rate of melanoma
may be affected by environmental exposure, such as sunlight
or tanning. However, very few people use indoor tanning in
South Korea compared to people in western countries. There-
fore, the increase in melanoma in South Korea may be mainly
attributed to the increase in awareness of skin cancer among
general population and dissemination of the punch biopsy
tool in South Korea, although absolute increase of cutaneous
melanoma was small. Indeed, a population-based study in
Germany (SCREEN project) showed that skin cancer screen-
ing could increase the incidence of melanoma. 

Although there are a few cancer registries that record the
nationwide incidence of non-melanoma skin cancer, several
studies have reported consistently increasing trends in the
incidence of non-melanoma skin cancer. In a systematic 
review of the worldwide incidence of non-melanoma skin
cancer, the incidence rate of basal cell carcinoma, and squa-
mous cell carcinoma showed increasing trends in European
men [3]. In Canada, basal cell carcinoma and squamous cell
carcinoma increased by 2.4% each year among adults aged 
 40 years from the 1970s to 2000 [10]. In the United King-

dom, basal cell carcinoma increased by 39% from 2000 to
2011 in all age groups  30 years [30]. 

Although the incidence of both basal cell carcinoma and
squamous cell carcinoma has increased in the Western coun-
tries, incidence trends of non-melanoma skin cancer varied
according to subtype in the Asian countries. A multi-center
study in Japan reported that the age adjusted incidence rate
of basal cell carcinoma increased from the period 1976-1980
to 1986-1990, but the rate of squamous cell carcinoma did not
increase significantly [21]. In Singapore, the incidence rate of
basal cell carcinoma has increased by 3.2% per year for men
and by 2.8% per year for women. However, the incidence
rate of squamous cell carcinoma has decreased by 0.9% per
year in both sexes [5]. In accordance with other studies, our
findings also showed basal cell carcinoma to have the highest
incidence, which increased most rapidly from 1999 to 2014
in both men and women in South Korea. A rapid increase in
the incidence of squamous cell carcinoma was also observed
in both sexes in South Korea, as reported in Western coun-
tries. However, the increasing trends of basal cell carcinoma
and squamous cell carcinoma incidence have attenuated
since year 2007. Although the most common site of non-
melanoma was the face, which is likely to be exposed to sun-
light, it is uncertain whether the increase in non-melanoma
skin cancer was due to an increase in the detection of changes
in environmental factors such as ultraviolet exposures. In this
study, it was difficult to account for the inconsistencies in the
trends of non-melanoma skin cancer. Further studies are
needed to investigate the reasons for the increase in mela-
noma and non-melanoma skin cancer in South Korea.

In our study, old age group showed large increasing trends
in the incidence rates of melanoma and non-melanoma,
while there were different trends in the incidence rates for
young age group between squamous cell carcinoma and
basal cell carcinoma. For squamous cell carcinoma, there was
no significant increase among patients < 40 years old. How-
ever, basal cell carcinoma showed significant increasing
trends among patients < 40 years old. In the United King-
dom, there was a report that the incidence of basal cell carci-
noma has increased between 1981-1989 and 1998-2006
among young people < 30 years old. In Minnesota, incidence
rate of basal cell carcinoma among patients < 40 years old
has also increased between 1976 and 2003. However, inci-
dence rate of squamous cell carcinoma among patients < 40
years old in Minnesota has increased from 1976 to 1999, but
it has leveled off since 1999.

Although our study is based on a representative national
cancer registry, it has some limitations that should be con-
sidered when interpreting results. Firstly, the increase in the
incidence of cancer may be partly due to an improvement in
the completeness in the cancer registry. However, the popu-
lation coverage of the KCCR has been almost 100% since the
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year 1999. Therefore, the effects of the improvement in com-
pleteness of the cancer registry would be probably very
small, even if there was an increase in completeness in the
KCCR. Secondly, the KCCR did not collect information on
tumor characteristics such as thickness of tumor, Clark’s
level of invasion, or routes of tumor detection. Therefore, we
could not investigate the incidence rate of skin cancer based
on the thickness of tumor or routes of tumor detection.

In summary, our study provides reliable nationwide inci-
dence rates of melanoma, squamous cell carcinoma, and
basal cell carcinoma in South Korea. Our findings also show
an increase in the incidence of squamous cell carcinoma and
basal cell carcinoma in both sexes in South Korea, but an 
increasing trend in the incidence of melanoma was observed
only in women. Further studies are needed to investigate the
causes of the increased incidence of these skin cancers in
South Korea.

Electronic Supplementary Material

Supplementary materials are available at Cancer Research and
Treatment website (http://www.e-crt.org).

Conflicts of Interest

Conflict of interest relevant to this article was not reported.

Acknowledgments

This work was supported by the National Cancer Center Grant
(Grant number NCC-1610170-2).

1. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2017. CA Can-
cer J Clin. 2017;67:7-30.

2. Miller AJ, Mihm MC Jr. Melanoma. N Engl J Med. 2006;355:
51-65.

3. Lomas A, Leonardi-Bee J, Bath-Hextall F. A systematic review
of worldwide incidence of nonmelanoma skin cancer. Br J Der-
matol. 2012;166:1069-80.

4. Erdmann F, Lortet-Tieulent J, Schuz J, Zeeb H, Greinert R, Bre-
itbart EW, et al. International trends in the incidence of malig-
nant melanoma 1953-2008: are recent generations at higher or
lower risk? Int J Cancer. 2013;132:385-400.

5. Koh D, Wang H, Lee J, Chia KS, Lee HP, Goh CL. Basal cell
carcinoma, squamous cell carcinoma and melanoma of the
skin: analysis of the Singapore Cancer Registry data 1968-97.
Br J Dermatol. 2003;148:1161-6.

6. Kim GK, Del Rosso JQ, Bellew S. Skin cancer in asians: part 1:
nonmelanoma skin cancer. J Clin Aesthet Dermatol. 2009;2:
39-42.

7. CDC’s National Program of Cancer Registries and National
Cancer Institute’s Surveillance, Epidemiology, and End 
Results program [Internet]. Atlanta, GA: Centers for Disease
Control and Prevention; 2017 [cited 2017 Jun 1]. Available
from: https://www.cdc.gov/cancer/skin/statistics/race.htm.

8. Howlader N, Noone AM, Krapcho M, Miller D, Bishop K, 
Altekruse SF, et al. SEER Cancer Statistics Review, 1975-2013
[Internet]. Bethesda, MD: National Cancer Institute; 2016 [cited
2017 Jun 1]. Available from: http://seer.cancer.gov/csr/1975_
2013/.

9. Glazer AM, Winkelmann RR, Farberg AS, Rigel DS. Analysis
of trends in US melanoma incidence and mortality. JAMA
Dermatol. 2016 Dec 21 [Epub]. https://doi.org/10.1001/jama-

dermatol.2016.4512.
10. Demers AA, Nugent Z, Mihalcioiu C, Wiseman MC, Kliewer

EV. Trends of nonmelanoma skin cancer from 1960 through
2000 in a Canadian population. J Am Acad Dermatol. 2005;53:
320-8.

11. Birch-Johansen F, Jensen A, Mortensen L, Olesen AB, Kjaer SK.
Trends in the incidence of nonmelanoma skin cancer in Den-
mark 1978-2007: rapid incidence increase among young Dan-
ish women. Int J Cancer. 2010;127:2190-8.

12. Sng J, Koh D, Siong WC, Choo TB. Skin cancer trends among
Asians living in Singapore from 1968 to 2006. J Am Acad Der-
matol. 2009;61:426-32.

13. Stern RS. The mysteries of geographic variability in non-
melanoma skin cancer incidence. Arch Dermatol. 1999;135:
843-4.

14. Oh CM, Won YJ, Jung KW, Kong HJ, Cho H, Lee JK, et al. Can-
cer statistics in Korea: incidence, mortality, survival, and
prevalence in 2013. Cancer Res Treat. 2016;48:436-50.

15. Shin HR, Won YJ, Jung KW, Kong HJ, Yim SH, Lee JK, et al.
Nationwide cancer incidence in Korea, 1999~2001; first result
using the national cancer incidence database. Cancer Res
Treat. 2005;37:325-31.

16. World Health Organization. International statistical classifica-
tion of diseases and related health problems. 10th rev. Geneva:
World Health Organization; 1994.

17. Egevad L, Heanue M, Berney D, Fleming K, Ferlay J. Histo-
logical groups. In: Curado MP, Edwards B, Shin HR, Storm H,
Ferlay J, Heanue M, et al., editors. Cancer incidence in five con-
tinents, Vol. X (electronic version). Lyon: IARC; 2013. p. 61-6.

18. Fritz A, Percy C, Jack A, Shanmugaratnam K, Sobin L, Parkin
DM, et al. International classification of diseases for oncology.

References

736 CANCER  RESEARCH  AND  TREATMENT



Chang-Mo Oh, Increase in the Incidence Rates of Skin Cancer

3rd ed. Geneva: World Health Organization; 2000.
19. Segi M. Cancer mortality for selected sites in 24 countries

(1950-57). Sendai: Tohoku University of Medicine; 1960.
20. Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation tests

for joinpoint regression with applications to cancer rates. Stat
Med. 2000;19:335-51.

21. Makredes M, Hui SK, Kimball AB. Melanoma in Hong Kong
between 1983 and 2002: a decreasing trend in incidence 
observed in a complex socio-political and economic setting.
Melanoma Res. 2010;20:427-30.

22. Ichihashi M, Naruse K, Harada S, Nagano T, Nakamura T,
Suzuki T, et al. Trends in nonmelanoma skin cancer in Japan.
In: Grabe C, Schmitz S, Orfanos CE, eds. Skin cancer: basic sci-
ence, clinical research and treatment. Berlin: Springer; 1995. p.
263-73.

23. Nikolaou V, Stratigos AJ. Emerging trends in the epidemiol-
ogy of melanoma. Br J Dermatol. 2014;170:11-9.

24. Jemal A, Saraiya M, Patel P, Cherala SS, Barnholtz-Sloan J, Kim
J, et al. Recent trends in cutaneous melanoma incidence and
death rates in the United States, 1992-2006. J Am Acad Derma-
tol. 2011;65(5 Suppl 1):S17-25.e1-3.

25. Helvind NM, Holmich LR, Smith S, Glud M, Andersen KK,

Dalton SO, et al. Incidence of in situ and invasive melanoma
in Denmark from 1985 through 2012: a national database study
of 24,059 melanoma cases. JAMA Dermatol. 2015;151:1087-95.

26. Park SJ, Oh CM, Kim BW, Woo SJ, Cho H, Park KH. Nation-
wide incidence of ocular melanoma in South Korea by using
the national cancer registry database (1999-2011) incidence of
ocular melanoma and subtype in Korea. Invest Ophthalmol
Vis Sci. 2015;56:4719-24.

27. Suh M, Choi KS, Park B, Lee YY, Jun JK, Lee DH, et al. Trends
in cancer screening rates among Korean men and women: 
results of the Korean national cancer screening survey, 2004-
2013. Cancer Res Treat. 2016;48:1-10.

28. Zloto O, Pe'er J, Frenkel S. Gender differences in clinical pres-
entation and prognosis of uveal melanoma. Invest Ophthal-
mol Vis Sci. 2013;54:652-6.

29. Lee MW, Koh JK, Kwon KS, Kim NI, Kim SW, Kim SN, et al.
Clinical and histopathological study of cutaneous melanoma
in Korea. Korean J Dermatol. 2003;41:43-7.

30. Reinau D, Surber C, Jick SS, Meier CR. Epidemiology of basal
cell carcinoma in the United Kingdom: incidence, lifestyle fac-
tors, and comorbidities. Br J Cancer. 2014;111:203-6.

VOLUME 50 NUMBER 3 JULY 2018  737



│ http://www.e-crt.org │738 Copyright ⓒ 2018 by  the Korean Cancer Association
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Cancer Res Treat. 2018;50(3):738-747

pISSN 1598-2998, eISSN 2005-9256

https://doi.org/10.4143/crt.2017.129 

Open Access

Risky Lifestyle Behaviors among Gastric Cancer Survivors Compared
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Community Based Cohort Study
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Purpose
This study investigated the prevalence of smoking, drinking, and physical inactivity and the
associated factors of these behaviors in gastric cancer survivors. 

Materials and Methods
The baseline data from the nationwide cohort study was used. Four hundred thirty-seven
gastric cancer survivors who survived  2 years from diagnosis and reported completion of
treatment were matched with 4,370 controls according to age, sex, education, and house-
hold income.   

Results
The prevalence rates of current smoking and drinking among gastric cancer survivors were
8.7% and 38.3%, which were significantly lower than those among matched controls 
(p  0.001), but the prevalence rates of physical inactivity were not significantly different
(55.8% vs. 59.9%, p=0.248). In gastric cancer survivors,  5 years since cancer diagnosis
and current drinking contributed to more current smoking; otherwise, age increment and
female were associated with lower current smoking. Those with household income  $2,000
and current smokers were more likely to drink and female showed less drinking. Female,
currently employed state, and self-rated health status were associated with more physical
inactivity.   

Conclusion
Although gastric cancer survivors showed better health behaviors than controls, suggesting
that the diagnosis of cancer may motivate individuals towards healthy behaviors, their cur-
rent prevalence rates of smoking and drinking were still high, and more than 50% of them
were physically inactive. Tailored interventions to improve their health behaviors considering
associated factors for the gastric cancer survivors are necessary.  

Key words
Stomach neoplasms, Survivors, Health behavior, 
Cross-sectional studies

Minkyung Kim, PharmD, MS1

Kui Son Choi, PhD1,2

Mina Suh, MD, PhD2

Jae Kwan Jun, MD, PhD1,2

Kumban Walter Chuck, MPH1

Boyoung Park, MD, PhD1,2

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

Correspondence: Boyoung Park, MD, PhD
Department of Cancer Control and Population
Health, National Cancer Center Graduate School
of Cancer Science and Policy, 323 Ilsan-ro, 
Ilsandong-gu, Goyang 10408, Korea
Tel: 82-31-920-2914 
Fax: 82-31-920-2759 
E-mail: hayejine@ncc.re.kr

Received  March 12, 2017
Accepted  July 11, 2017
Published Online  July 24, 2017

1Department of Cancer Control and 
Population Health, National Cancer Center
Graduate School of Cancer Science and Policy,
Goyang, 2National Cancer Control Institute,
National Cancer Center, Goyang, Korea

Introduction

The number of cancer survivors worldwide has increased
as the survival rate after a cancer diagnosis has improved [1].
In 2012, there were 32.6 million cancer survivors after being
diagnosed with cancer for 5 years or more worldwide [1,2].
Cancer survivors are living in a burden of cancer [3]; thus,
prevention of the possible secondary effects from cancer and
related cancer burden should be considered. Several studies

noted that health behaviors such as smoking, drinking, and
physical inactivity patterns of cancer survivors are intimately
linked with increased risk of morbidity [3,4]; thus, identifi-
cation and modification of health behaviors in cancer sur-
vivors should be considered.

The incidence of gastric cancer in Eastern Asia is compar-
atively higher than that of in Western countries [5], which is
ranked second for the cancer incidence and third for the 
5-year prevalence among other cancer types [1]. It is reported
that not only the incidence but also the prevalence of gastric
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cancer in Eastern Asia are one of the highest in the world
[1,5,6]. These findings indicate that health behavior and 
associated sociodemographic factors with them in gastric
cancer survivors are one of the most important issues in can-
cer survivor management. Although researchers’ attention
has been devoted to evaluating health behavior patterns of
cancer survivors in Western countries [7-9], the majority of
findings were not focused on gastric cancer which is rela-
tively uncommon in these regions [1]. 

Thus, this study investigated the prevalence of smoking,
alcohol drinking, and physical inactivity in gastric cancer
survivors compared to non-cancer controls and the associ-
ated sociodemographic factors with aforementioned health-
related characteristics, using population based data in Korea
where gastric cancer incidence is one of the highest world-
wide [5]. 

Materials and Methods

1. Study population

Baseline data from Health Examinees (HEXA) study,
which is a part of the nationwide cohort study, the Korea
Genome Epidemiology Study (KoGES) was applied. A total
of 167,169 subjects aged 40-79, who gave written consent
forms, were collected from 38 community-based health 
examination centers located in eight regions in Korea by face
to face interviews using an established questionnaire 
between 2004 and 2013. The composition of the questionnaire
included socio-demographic factors, past medical history,
family history, smoking and alcohol drinking, physical 
activity, dietary habits, socio-psychological factors, and 
reproductive factors. In addition, their physical examination
and clinical lab tests results were collected. Details of the
HEXA study are described elsewhere [10].

2. Case and control selection

There were 758 self-declared participants who had been
diagnosed with gastric cancer on the questionnaire. Consid-
ering that the acute survival takes place after the first year
treatment [11], we selected gastric cancer patients who sur-
vived  2 years from the diagnosis and reported that they
completed treatment. Thus, 437 gastric cancer survivors (232
male and 205 female survivors) were included. Their mean
age was 58 years old, including 36.8% of 2 to 5 years since 
diagnosis and 62.0% of  6 years since diagnosis. The partic-
ipants without history of any types of cancer were randomly
selected 1:10 ratio by frequency matching with gastric cancer

survivors according to sex, 5-year age group, education level
(< high school or  high school in male and < middle school,
middle school, or  high school in female), and household
income (< $2,000, $2,000 to < $4,000, or  $4,000 per month
in male and < $1,500, $1,500 to < $3,000, or  $3,000 in female
considering different education and income level according
to sex). Thus, 437 gastric cancer survivors and 4,370 matched
controls were included in the study. 

3. Variables

The outcomes of this study included current smoking, cur-
rent drinking, and physical activity status in gastric cancer
survivors, compared with matched control group. Current
smokers were defined as follows: those who reported  100
life time cigarettes and smoked at the time of surveying. In
addition, those who had smoked  100 lifetime cigarettes but
did not smoke at the time of the survey were classified as
past smokers. Those who reported to have current drinking
habit were defined as current drinkers and those who 
reported to have past drinking habit but quit drinking were
defined as past drinkers. The drinking habit included any
types of alcohol consumption. Those who reported perform-
ing moderate to vigorous activity < 150 minutes per week
were classified as physically inactive and those who reported
performing moderate to vigorous activity  150 minutes per
week were defined as physically active following previous
guidelines for cancer survivors [12].

To identify the associated factors with these health behav-
iors in gastric cancer survivors, age, sex, marital status, edu-
cation attainment, household income, employment state,
self-rated health status, family history of cancer, years since
diagnosis, body mass index (BMI), and comorbid chronic dis-
ease were considered. The comorbid chronic disease was 
defined as any of the following diseases: hypertension, dia-
betes, dyslipidemia, stroke, transient ischemic attacks, angina
or myocardial infarction, colon polyp, fatty liver, chronic
liver disease or liver cirrhosis, gallbladder stone or cholecys-
titis, thyroid disease, arthritis, and osteoporosis.

4. Statistical analysis

The distribution of health behaviors including current
smoking and drinking, physical inactivity, and baseline 
sociodemographic characteristics between gastric cancer sur-
vivors and matched controls were compared by a chi-square
test. Among the gastric cancer survivors, the associations the
associated factors with each risky health behavior—current
smoking, current drinking, current physical activity status—
were assessed using multivariate logistic regression and the
results were presented as odds ratio (OR) and 95% confi-
dence intervals (CIs). Statistical results were analyzed using
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Table 1. Comparison of characteristics between gastric cancer survivors and matched non-cancer controls
Characteristica) Survivors (n=437) Non-cancer controls (n=4,370) p-valueb)

Age, mean (95% CI) 58.6 (57.9-59.4) 58.5 (58.2-58.7) 0.650
Age (yr) 

< 50 64 (14.7) 640 (14.7) 1.000
50-54 75 (17.2) 750 (17.2)
55-59 75 (17.2) 750 (17.2)
 60 223 (51.0) 2,230 (51.0)

Sex
Male 232 (53.1) 2,320 (53.1) 1.000
Female 205 (46.9) 2,050 (47.0)

Marital status
Married, cohabitation 399 (91.7) 3,856 (88.7) 0.054
Divorced, widow, unmarried 36 (8.3) 492 (11.3)

Educational attainment
 High school 323 (74.8) 3,178 (73.5) 0.562
> College 109 (25.2) 1,147 (26.5)

Household income
< $2,000 186 (48.1) 1,815 (46.8) 0.629
 $2,000 201 (52.0) 2,065 (53.2)

Employment state
Currently unemployed 230 (53.1) 2,037 (47.6) 0.029
Currently employed 203 (46.9) 2,242 (52.4)

Self-rated health status
Healthy 157 (36.3) 1,797 (41.5) 0.034
Normal-unhealthy 276 (63.7) 2,532 (58.5)

Co-morbid chronic diseasec)

Yes 226 (51.7) 2,308 (52.8) 0.661
No 211 (48.3) 2,062 (47.2)

Family history of cancer (any type)
Yes 178 (41.1) 1,079 (24.8) < 0.001
No 255 (58.9) 3,275 (75.2)

Years since diagnosis
2-5 161 (36.8) - < 0.001
 6 271 (62.0) -

Current smoking status 
Yes 38 (8.7) 668 (15.4) 0.001
No 397 (91.3) 3,685 (84.7)

Current drinking status 
Yes 166 (38.3) 2,162 (49.7) < 0.001
No 267 (61.7) 2,192 (50.3)

Physical activity
< 150 min/wk 242 (55.8) 2,521 (59.9) 0.095
 150 min/wk 192 (44.2) 1,688 (40.1)

(Continued to the next page)
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SAS ver. 9.3 software (SAS Institute Inc., Cary, NC). 

5. Ethical statement

The Institutional Review Board of the National Cancer
Center approved this study protocol, which was in compli-
ance with the Declaration of Helsinki (IRB No. NCC2014-
0098). All participants provided their written informed
consent. 

Results

The comparison of baseline sociodemographic character-
istics between 437 gastric cancer survivors and matched 4,370
controls are presented in Table 1. The distributions of
matched variables (sex, age, educational attainment, and
household income) and the proportion of subjects with 
comorbidity were similar between the two groups. However,
current employment state was lower in gastric cancer sur-
vivors and self-rated health status, family history of cancer,
and BMI were significantly different between the two groups
(p < 0.05).

The prevalence of current smoking and current drinking
in gastric cancer survivors were 8.7% and 38.3%, respec-
tively, which were significantly lower than matched cancer
free controls (15.4% and 49.7%, respectively; p=0.001 and 
p < 0.001); otherwise the prevalence of physical inactivity
was not significantly different in two groups (55.8% and
59.9%; p=0.095) (Fig. 1A). The differences in smoking and
drinking status were significant in male (p < 0.001) (Fig. 1B);
however, in female, we did not find significant differences
in these three health behaviors (Fig. 1C). Among the non-cur-
rent smokers and drinkers, the proportion of past smokers

and drinkers were high in gastric cancer survivors, especially
in male (Fig. 1B). 

The relationship between considered sociodemographic
factors and health behaviors in gastric cancer survivors is 
described in Table 2. One-year increment of age and female
presented less current smoking status (OR, 0.93; 95% CI, 0.88
to 0.99 and OR, 0.16; 95% CI, 0.05 to 0.46). On the other hand,
more than 5 years since gastric cancer diagnosis and current
drinking contribute to more current smoking (OR, 3.17; 95%
CI, 1.27 to 7.90 and OR, 2.48; 95% CI, 1.13 to 5.45). Female
was less likely to engage in current drinking (OR, 0.23; 95%
CI, 0.14 to 0.40), whereas household income greater and
equal to $2,000 and current smoking status are more likely
to be associated with current drinking (OR, 1.74; 95% CI, 1.03
to 2.94 and OR, 2.43; 95% CI, 1.11 to 5.33). Female, currently
employed state, and normal and unhealthy self-rated health
status were associated with more physical inactivity (OR,
2.12; 95% CI, 1.26 to 3.57 and OR, 1.97; 95% CI, 1.24 to 3.12
and OR, 1.57; 95% CI, 1.02 to 2.43), whereas having co-mor-
bid chronic diseases other than gastric cancer were associated
with less physical inactivity (OR, 0.65; 95% CI, 0.42 to 0.99). 

Discussion

In this study, health behaviors of gastric cancer survivors
and cancer-free controls were compared and the associated
factors with current unhealthy behaviors including smoking,
and drinking, and physical inactivity in gastric cancer sur-
vivors were evaluated. From our findings, gastric cancer sur-
vivors were currently engaged with a healthier lifestyle in
smoking and drinking compared with the cancer free popu-
lation—91.3% did not smoke and 61.7% did not drink. How-
ever, the prevalence of physical inactivity was higher (55.8%)

Table 1. Continued
Characteristica) Survivors (n=437) Non-cancer controls (n=4,370) p-valueb)

BMI
< 23 278 (63.6) 1,535 (35.2) < 0.001
 23 159 (36.4) 2,826 (64.8)

Values are presented as number (%) unless otherwise indicated. CI, confidence intervals; BMI, body mass index. a)Missing
values (No. of survivors, No. of non-cancer controls): marital status (2, 22), educational attainment (5, 45), household income
(50, 490), employment state (4, 91), self-rated health status (4, 41), family history of cancer (4, 16), current smoking status (2,
17), current drinking status (4, 16), physical activity (3, 161), BMI (0, 9), b)Chi-square test or t test results, c)Any of following
diseases were classified as chronic disease: hypertension, diabetes, dyslipidemia, stroke, transient ischemic attacks, angina or
myocardiac infarction, colon polyp, fatty liver, chronic liver disease or liver cirrhosis, gallbladder stone or cholecystitis, thyroid
disease, arthritis, and osteoporosis. 
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and it was not better than cancer-free controls. The preva-
lence of these health behaviors in gastric cancer survivors
from this nationwide study was similar to that from a single
survivorship center [13]. Regarding smoking, our results
were similar to the American Cancer Society’s study results:
91.6% of cancer survivors adhered to the smoking recom-
mendation [14]. Although some previous studies conducted

in Western regions showed higher or similar prevalence of
current smoking and drinking in cancer survivors, compared
with the general population [15,16], studies were done in
Canada [17] and Korea [18,19] supported good health behav-
iors among cancer survivors in smoking and drinking. 

Maintaining recommended amounts of physical activity is
one of the most important factors for cancer survivors to 
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Fig. 1.  Prevalence of smoking, drinking, and physical activity status in gastric cancer survivors compared with non-cancer
matched controls. (A) Prevalence in both. (B) Prevalence in male. (Continued to the next page)
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decrease mortality [9,20,21]. A previous study done in West-
ern populations pointed out that cancer survivors’ physical
activity status is similar to controls [15]. Our study results
were comparable to the results of previous Korean studies,
in which the proportion of cancer survivors engaging in
physical activity from 26.0% to 50.7% [18,19]. Thus, the 
importance of physical activity in cancer survivors should be
reiterated and educated in the care of gastric cancer sur-
vivors. 

In our findings, it was shown that the health behaviors in
female survivors were not different from matched female
controls; on the other hand, male gastric cancer survivors
showed better health behaviors than controls. Considering
the higher proportion of past smoking and drinking in male
gastric cancer survivors compared with matched controls
(Fig. 1B), gastric cancer survivors, especially male survivors
may be more willing to adopt healthy lifestyles such as quit-
ting smoking or drinking. When we compared the health 
behaviors of gastric cancer survivors by sex, female gastric
cancer survivors were engaged with less smoking and drink-
ing but more physical inactive than male gastric cancer sur-
vivors. The result was consistent with existing studies which
reported that male cancer survivors were associated with
more alcohol consumption [22] and current smoking [18],
and the multivariate logistic regression analysis in our study
also confirmed the association between gender and health
behaviors in gastric cancer survivors. 

The relationship between socioeconomic status and health
behaviors is well known in the general population [6]. How-
ever, the existing literature on household income conflicts
with the result that the lower household income of cancer
survivors affects cancer survivors’ health status negatively
(including general and mental health) [23], whereas the
young adult childhood cancer survivors with higher income
were prone to binge drinking [22]. Our results showed the
increased tendency of alcohol consumption in gastric cancer
survivors with higher household income, which was compa-
rable with the previous study done in Korea [18]. A similar
pattern was also observed in the general population in
China; it might be due to higher income giving more oppor-
tunities engage with social networking in not only the gen-
eral population [24] but also survivors [18,22].  

Physical inactivity was influenced by current employment,
self-rate health, and co-morbid chronic disease status
[15,16,18,21,25]. A previous result offers a good example of
long working hours associated with no leisure time for phys-
ical activity [26], and it might be a reason for reduced phys-
ical activity in gastric cancer survivors in employment status.
Cancer survivors whose self-rated health status were marked
as normal and unhealthy were engaged in physical inactiv-
ity, consistent with previous studies in cancer survivors [27]
or the general population [28,29]. Although previous studies
did not observe an association between physical activity and
chronic disease, surprisingly, gastric cancer survivors who
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had comorbid conditions were engaged in more physical 
activity in our study. In Korea, the management of cancer
survivors is mostly conducted by cancer specialists [30,31]
and the modification of health behaviors through rehabilita-
tion programs has not received much attention in cancer
care. In addition, cancer specialists thought they were not
well resourced for these programs in Korea [32,33]. How-
ever, gastric cancer survivors with chronic diseases may have
more opportunity to visit the physicians who managed their
chronic diseases to be educated about the importance of 
exercise. The modification of unhealthy behaviors, especially
exercise has been considered to be an important part of the
management of chronic diseases [34]. Thus, it is necessary
that oncologists stress the importance of physical activity to
cancer survivors as it was done in individuals with chronic
diseases. There is no doubt of the interrelation among health
behavior risk factors in cancer patient; the interdependence
between smoking and drinking among cancer survivors
were observed in our result as well as in other studies [18,22].
One more noticeable this was that gastric cancer survivors
diagnosed  6 years smoked three times more, suggesting
that efforts for long-term lifestyle modification is necessary
for gastric cancer survivors.

Despite these findings, there remain some limitations in
this study. First, the HEXA data was collected from 38 health
examination centers and included individuals over 40 years
of age; thus, the individuals in the study might have different
social, economic, and health status compared to general pop-
ulation, and our results may not represent whole gastric can-
cer survivors. Especially, it should be noted that the HEXA
data includes individuals over 40 years of age. In addition,
survival bias should be considered because only people who
survived at the time of the study were included. The infor-
mation about cancer stage and treatments were not included
in this study questionnaire. Thus, the health behavior of can-
cer survivors in this regard could not be detected. This limi-
tation was observed in several population-based studies on
health behaviors in cancer survivors as well [15,16,35]. Thus,
including the information in questionnaires used in popula-
tion-based research would be necessary to understand health
behaviors in cancer survivors better. Furthermore, as a 
nature of self-reported data, the range of smoking and alco-
hol consumption might have been underestimated; on the
other hand, the range of physical activity might have been
overestimated [16,19]. Although we proposed several 
sociodemographic factors associated with health behaviors,
temporal information and causality could not be addressed
due to the cross-sectional approach of this study. To estimate
the number of years since diagnosis, age at interview and age
at diagnosis of gastric cancer were applied. Because we did
not have information about the exact date of cancer diagnosis
and interview, there could be some misclassification.  Ta
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Notwithstanding these limitations, our study excluded the
heterogeneity bias expected in including various cancer sites
as previous studies in Korea [18,19]; rather, we focused on
gastric cancer which is one of the most commonly prevalent
cancers in Asian countries. Gastric cancer survivors who
completed treatment and visited health examination centers
may more readily return to normal life, and thus, may be pri-
mary targets for community-based management for gastric
cancer survivors. To increase the comparability of health 
behaviors, survivors and controls were matched by sex, age,
educational level, and income and stratified analysis by sex
was performed as well.

To the best of our knowledge, this is the first study to 
investigate the health behaviors and associated sociodemo-
graphic factors in gastric cancer survivors who completed
treatment and returned to normal life. Gastric cancer sur-
vivors, especially male survivors, presented better health 
behaviors regarding smoking and drinking compared with
controls, but their physical activity level was not better, and
the proportion of physical activity below the recommended
level was more than 50%. These lifestyle factors are modifi-
able and improve the prognosis of cancer survivors. How-
ever, efforts to induce healthy behavior in gastric cancer

survivors are often neglected during cancer treatment and
rehabilitation. Several sociodemographic characteristics were
associated with unhealthy behaviors among gastric cancer
survivors. Identifying gastric cancer survivors vulnerable to
unhealthy lifestyles would allow intervention programs to
effectively target their limited resources. In addition, further
studies are needed to explore why some gastric cancer sur-
vivors continue to engage in unhealthy behaviors.

Conflicts of Interest

Conflict of interest relevant to this article was not reported.

Acknowledgments

This study was supported by a Grant-in-Aid for Cancer Research
and Control from the National Cancer Center of Korea (No. 1710171)
to Dr. Boyoung Park. This study used data from the Korean Genome
Analysis Project (4845-301), the Korean Genome and Epidemiology
Study (4851-302), and the Korea Biobank Project (4851-307, KBP-
2014-041), which were supported by the Korea Centers for Disease
Control and Prevention, Republic of Korea. 

1. Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S, Mathers
C, et al. GLOBOCAN 2012 v1. 0, cancer incidence and mortal-
ity worldwide: IARC CancerBase No. 11 [Internet]. Lyon: 
International Agency for Research on Cancer; 2013 [cited 2014
Oct 10]. Available from: http://globocan.iarc.fr.

2. Bray F, Ren JS, Masuyer E, Ferlay J. Global estimates of cancer
prevalence for 27 sites in the adult population in 2008. Int J
Cancer. 2013;132:1133-45.

3. Haugnes HS, Bosl GJ, Boer H, Gietema JA, Brydoy M, Olden-
burg J, et al. Long-term and late effects of germ cell testicular
cancer treatment and implications for follow-up. J Clin Oncol.
2012;30:3752-63.

4. Leach CR, Weaver KE, Aziz NM, Alfano CM, Bellizzi KM,
Kent EE, et al. The complex health profile of long-term cancer
survivors: prevalence and predictors of comorbid conditions.
J Cancer Surviv. 2015;9:239-51.

5. Rahman R, Asombang AW, Ibdah JA. Characteristics of gastric
cancer in Asia. World J Gastroenterol. 2014;20:4483-90.

6. Pampel FC, Krueger PM, Denney JT. Socioeconomic dispari-
ties in health behaviors. Annu Rev Sociol. 2010;36:349-70.

7. Newcomb PA, Kampman E, Trentham-Dietz A, Egan KM,
Titus LJ, Baron JA, et al. Alcohol consumption before and after
breast cancer diagnosis: associations with survival from breast
cancer, cardiovascular disease, and other causes. J Clin Oncol.

2013;31:1939-46.
8. Kawahara M, Ushijima S, Kamimori T, Kodama N, Ogawara

M, Matsui K, et al. Second primary tumours in more than 
2-year disease-free survivors of small-cell lung cancer in Japan:
the role of smoking cessation. Br J Cancer. 1998;78:409-12.

9. Schmid D, Leitzmann MF. Association between physical 
activity and mortality among breast cancer and colorectal can-
cer survivors: a systematic review and meta-analysis. Ann
Oncol. 2014;25:1293-311.

10. Health Examinees Study Group. The Health Examinees (HEXA)
study: rationale, study design and baseline characteristics.
Asian Pac J Cancer Prev. 2015;16:1591-7.

11. Kunz PL, Gubens M, Fisher GA, Ford JM, Lichtensztajn DY,
Clarke CA. Long-term survivors of gastric cancer: a California
population-based study. J Clin Oncol. 2012;30:3507-15.

12. Rock CL, Doyle C, Demark-Wahnefried W, Meyerhardt J,
Courneya KS, Schwartz AL, et al. Nutrition and physical 
activity guidelines for cancer survivors. CA Cancer J Clin.
2012;62:243-74.

13. Lee JE, Shin DW, Lee H, Son KY, Kim WJ, Suh YS, et al. One-
year experience managing a cancer survivorship clinic using
a shared-care model for gastric cancer survivors in Korea. 
J Korean Med Sci. 2016;31:859-65.

14. Blanchard CM, Courneya KS, Stein K; American Cancer Soci-

References

Cancer Res Treat. 2018;50(3):738-747

746 CANCER  RESEARCH  AND  TREATMENT



ety's SCS-II. Cancer survivors' adherence to lifestyle behavior
recommendations and associations with health-related quality
of life: results from the American Cancer Society's SCS-II. J
Clin Oncol. 2008;26:2198-204.

15. Eakin EG, Youlden DR, Baade PD, Lawler SP, Reeves MM,
Heyworth JS, et al. Health behaviors of cancer survivors: data
from an Australian population-based survey. Cancer Causes
Control. 2007;18:881-94.

16. Bellizzi KM, Rowland JH, Jeffery DD, McNeel T. Health 
behaviors of cancer survivors: examining opportunities for
cancer control intervention. J Clin Oncol. 2005;23:8884-93.

17. Carswell K, Chen Y, Nair RC, Shaw AK, Speechley KN, Bar-
rera M, et al. Smoking and binge drinking among Canadian
survivors of childhood and adolescent cancers: a comparative,
population-based study. Pediatr Blood Cancer. 2008;51:280-7.

18. Park B, Kong SY, Kim J, Kim Y, Park IH, Jung SY, et al. Health
behaviors of cancer survivors in nationwide cross-sectional
survey in Korea: higher alcohol drinking, lower smoking, and
physical inactivity pattern in survivors with higher household
income. Medicine (Baltimore). 2015;94:e1214.

19. Oh MG, Han MA, Park J, Ryu SY, Park CY, Choi SW. Health
behaviors of cancer survivors: the Fourth Korea National
Health and Nutrition Examination Survey (KNHANES IV,
2007-09). Jpn J Clin Oncol. 2013;43:981-7.

20. Kushi LH, Doyle C, McCullough M, Rock CL, Demark-Wah-
nefried W, Bandera EV, et al. American Cancer Society Guide-
lines on nutrition and physical activity for cancer prevention:
reducing the risk of cancer with healthy food choices and
physical activity. CA Cancer J Clin. 2012;62:30-67.

21. Ballard-Barbash R, Friedenreich CM, Courneya KS, Siddiqi
SM, McTiernan A, Alfano CM. Physical activity, biomarkers,
and disease outcomes in cancer survivors: a systematic review.
J Natl Cancer Inst. 2012;104:815-40.

22. Rebholz CE, Kuehni CE, Strippoli MP, Rueegg CS, Michel G,
Hengartner H, et al. Alcohol consumption and binge drinking
in young adult childhood cancer survivors. Pediatr Blood Can-
cer. 2012;58:256-64.

23. Hudson MM, Mertens AC, Yasui Y, Hobbie W, Chen H, Gur-
ney JG, et al. Health status of adult long-term survivors of
childhood cancer: a report from the Childhood Cancer Sur-
vivor Study. JAMA. 2003;290:1583-92.

24. Li Y, Jiang Y, Zhang M, Yin P, Wu F, Zhao W. Drinking 

behaviour among men and women in China: the 2007 China
Chronic Disease and Risk Factor Surveillance. Addiction.
2011;106:1946-56.

25. Fong DY, Ho JW, Hui BP, Lee AM, Macfarlane DJ, Leung SS,
et al. Physical activity for cancer survivors: meta-analysis of
randomised controlled trials. BMJ. 2012;344:e70.

26. Artazcoz L, Cortes I, Escriba-Aguir V, Cascant L, Villegas R.
Understanding the relationship of long working hours with
health status and health-related behaviours. J Epidemiol Com-
munity Health. 2009;63:521-7.

27. Lee HY, Kim J, Merighi JR. Physical activity and self-rated
health status among older adult cancer survivors: does inten-
sity of activity play a role? Oncol Nurs Forum. 2015;42:614-24.

28. Cimarras-Otal C, Calderon-Larranaga A, Poblador-Plou B,
Gonzalez-Rubio F, Gimeno-Feliu LA, Arjol-Serrano JL, et al.
Association between physical activity, multimorbidity, self-
rated health and functional limitation in the Spanish popula-
tion. BMC Public Health. 2014;14:1170.

29. Hudon C, Soubhi H, Fortin M. Relationship between multi-
morbidity and physical activity: secondary analysis from the
Quebec health survey. BMC Public Health. 2008;8:304.

30. Shin DW, Kim Y, Baek YJ, Mo HN, Choi JY, Cho J. Oncologists
experience with second primary cancer screening: current
practices and barriers and potential solutions. Asian Pac J Can-
cer Prev. 2012;13:671-6.

31. Shin DW, Sunwoo S, Lee J. Management of cancer survivors
in Korea. J Korean Med Assoc. 2015;58:216-26.

32. Yang EJ, Chung SH, Jeon JY, Seo KS, Shin HI, Hwang JH, et
al. Current practice and barriers in cancer rehabilitation: per-
spectives of Korean physiatrists. Cancer Res Treat. 2015;47:
370-8.

33. Shin DW, Cho B, Kim SY, Jung JH, Park JH. Management of
cancer survivors in clinical and public health perspectives: cur-
rent status and future challenges in Korea. J Korean Med Sci.
2013;28:651-7.

34. Lorig KR, Ritter P, Stewart AL, Sobel DS, Brown BW Jr,] Ban-
dura A, et al. Chronic disease self-management program: 
2-year health status and health care utilization outcomes. Med
Care. 2001;39:1217-23.

35. Linsky A, Nyambose J, Battaglia TA. Lifestyle behaviors in
Massachusetts adult cancer survivors. J Cancer Surviv. 2011;5:
27-34.

Minkyung Kim, Health Behaviors among Gastric Cancer Survivors

VOLUME 50 NUMBER 3 JULY 2018  747



│ http://www.e-crt.org │748 Copyright ⓒ 2018 by  the Korean Cancer Association
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Cancer Res Treat. 2018;50(3):748-756

pISSN 1598-2998, eISSN 2005-9256

https://doi.org/10.4143/crt.2017.312 

Open Access

Lung Cancer Screening with Low-Dose CT in Female Never Smokers:
Retrospective Cohort Study with Long-term National Data Follow-up 

Original Article

Purpose
Because of growing concerns about lung cancer in female never smokers, chest low-dose
computed tomography (LDCT) screening is often performed although it has never shown
clinical benefits. We examine whether or not female never smokers really need annual LDCT
screening when the initial LDCT showed negative findings.

Materials and Methods
This retrospective cohort study included 4,365 female never smokers aged 40 to 79 years
who performed initial LDCT from Aug 2002 to Dec 2007. Lung cancer diagnosis was identi-
fied from the Korea Central Cancer Registry Database registered until December 31, 2013.
We calculated the incidence, cumulative probability, and standardized incidence ratio (SIR)
of lung cancer by Lung Imaging Reporting and Data System (Lung-RADS) categories showed
on initial LDCT. 

Results
After median follow-up of 9.69 years, 22 (0.5%) had lung cancer. Lung cancer incidence for
Lung-RADS category 4 was 1,848.4 (95% confidence interval [CI], 1,132.4 to 3,017.2) per
100,000 person-years and 16.4 (95% CI, 7.4 to 36.4) for categories 1, 2, and 3 combined.
The cumulative probability of lung cancer for category 4 was 10.6% at 5 years and 14.8%
at 10 years while they were 0.07% and 0.17% when categories 1, 2, and 3 were combined.
The SIR for subjects with category 4 was 43.80 (95% CI, 25.03 to 71.14), which was much
higher than 0.47 (95% CI, 0.17 to 1.02) for categories 1, 2, and 3 combined.

Conclusion
Considering the low risk of lung cancer development in female never smokers, it seems 
unnecessary to repeat annual LDCT screening for at least 5 years or even longer unless the
initial LDCT showed Lung-RADS category 4 findings. 

Key words
Screening, Low-dose computed tomography, Lung neoplasms, 
Pulmonary nodule, Female never-smokers
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Introduction

Based on the National Lung Screening Trial (NLST) results
[1], lung cancer screening with chest low-dose computed 
tomography (LDCT) is recommended for high risk smokers
and ex-smokers aged 55 to 80 years with more than 30 pack-
year smoking history [2]. In several cohort studies that eval-
uated the role of LDCT screening in subjects with diverse
risks, female never smokers were found to have similar or

even higher rate of detection and better survival as compared
with high risk subjects [3-8]. However, since there had been
no proven benefits of reducing lung cancer mortality, it is not
recommended for low risk subjects. Nevertheless, LDCT
screening is frequently performed in clinical practice setting
because there has been growing concerns about lung cancer
among female never smokers, which accounts for approxi-
mately 10%-15% of lung cancers, especially in Asian coun-
tries [9-12]. 

One of the major issues of LDCT screening is how to inte-
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grate the LDCT findings with clinical guidelines. According
to the Lung Imaging Reporting and Data System (Lung-
RADS) formulated by the American College of Radiology
(ACR) [13], it was recommended to continue annual screen-
ing with LDCT for “negative” findings of category 1 and cat-
egory 2. Although it may sound reasonable for the high-risk
subjects, repeating LDCT on an annual basis seems to be 
excessive and counter-intuitive for low-risk subjects, espe-
cially for female never smokers who had negative findings
on initial LDCT. Considering the potential harms of unnec-
essary radiation exposure against no proven benefits, it
seems very imperative to extend screening interval if and 
indeed LDCT screening is intended for female never smok-
ers. However, there has been no clear guideline. 

In our country, because of growing concerns about lung
cancer development in female never smokers, LDCT screen-
ing is already pervasive in practice as part of personal health
checkups and cancer screening on a voluntary basis, which
provided a unique opportunity to estimate the lung cancer
risk based on the initial LDCT findings. In this study, we ret-
rospectively applied Lung-RADS to initial LDCT of female
never smokers and estimated the risk of subsequent devel-
opment of lung cancer according to the Lung-RADS cate-
gory. The purpose of this study is to examine whether or not
female never smokers really need annual LDCT screening
when the initial screening LDCT yielded negative findings. 

Materials and Methods

1. Study design and subjects

The study subjects were 4,365 healthy female never smok-
ers who underwent health checkups and voluntarily partic-
ipated in a cohort study for Cancer Screening Program at the
National Cancer Center Korea between Aug 2002 and Dec
2007. Informed consent was obtained from all subjects, who
were asked to complete a self-administered questionnaire.
We collected information from medical records and ques-
tionnaire regarding age, sex, self-reported smoking status
and smoking history, height and weight, history of previous
cancer, family history of cancers, and urine cotinine level.
From a total pool of 7,525 females, we selected 5,973 partici-
pants who were 40-79 years old and had no prior history of
lung cancer or other cancers within 5 years; 4,448 (73.1%) of
them were “self-reported” never smokers. After excluding
those who had a urine cotinine level over 50 ng/mL (n=43)
[14] or no urine cotinine level examination done (n=40), 4,365
healthy female never smokers of 40-79 years in age with no
prior history of cancer became subjects of this retrospective

cohort study, which was approved by the institutional 
review board. 

2. LDCT and application of Lung-RADS 

LDCT scans were obtained with various multi-detector
scanners minimum four channels. The imaging parameters
were 120 kVp, up to 50 mAs and 3.2-mm slice thickness for
four channel scanners and 2.5-mm slice thickness for 16 chan-
nel scanners or higher. Since LDCT was performed on a vol-
untary basis without specific protocol guidelines for reading,
LDCT were read by different radiologists following the
ELCAP or NLST protocols of their preferences. 

For this study, we retrospectively reclassified initial LDCT
findings according to Lung-RADS formulated by ACR [13].
Category 1 designates “negative," category 2 “benign 
appearance," category 3 “probably benign,” and category 4
“suspicious” which was further subdivided into 4A, 4B, and
4X. For reclassification of nodules, all LDCT images were
first reviewed by one of three board certified thoracic radi-
ologists with LDCT reading experience of 10 or 15 years.
Then, the senior radiologist (H.Y.K.) reviewed again a LDCT
images with abnormal findings. We assessed the attenuation
(non-solid, part-solid, and solid) and size (the average of the
longest and perpendicular to longest diameter) of the nod-
ules. If there were more than one nodule, the largest one was
selected for category designation.

3. Follow-up and clinicopathologic parameters 

Diagnosis of lung cancer was identified until December 31,
2013 from Korea Central Cancer Registry (KCCR) and vital
status was also updated from Statistics Korea through 
December 31, 2013 from for all participants. The electronic
medical records of our hospital and all available medical
records from the outside hospital were reviewed for clinico-
pathologic parameters. The histopathology was classified 
according to World Health Organization (WHO) classifica-
tion 2004 and the tumor staging was followed the seventh
edition of the cancer staging manual of American Joint Com-
mittee on Cancer. When there was no available medical
record for review, Surveillance, Epidemiology and End 
Results (SEER) coding and staging from KCCR was recorded. 

4. Statistical analysis

Lung cancer incidence per 100,000 person-years and 95%
confidence interval (CI) were estimated according to Lung-
RADS category by dividing the number of lung cancer with
the person-years at risk for event, which were measured
from initial LDCT to the date of lung cancer diagnosis, death,
or censoring whichever came first. Participants who died
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from causes other than lung cancer were censored at the time
of death. December 31, 2013 was considered as the last date
of follow-up. 

Cumulative probability of lung cancer was calculated in
the presence of competing risks in a two-step process. The
probability of lung cancer for a given time interval was esti-
mated as the product of the probability of experiencing the
event of lung cancer in that time interval given that the indi-
vidual has survived both the event of interest and the com-
peting events in prior time intervals. Cumulative probability
is obtained by summing the above calculated probability and
the probabilities from all previous time intervals. The cen-
soring is considered a competing event.

The age-standardized incidence ratios (SIR) were calcu-
lated by dividing the observed with the “expected” number
of cases, which was estimated using the 2002-2007 lung can-
cer incidence data from the KCCR database [15]. Since the
risk of lung cancer would further increase over time with
aging, we calculated the SIR after adjusting for the age
group-specific incidence rates for female population of 2002-
2007 in Korea. Exact 95% CI of SIR [16] was calculated as
below: 

SIRL = X22D,/2 , and SIRU = X22(D+1),1–/2
2E* 2E*

, where D is the total number of cases, E is the total number
of expected events, and X2, is the 100 percent of the chi-
square distribution with  degrees of freedom. In addition,

we calculated age-standardized and their exact 95% CI [16]
for international comparison purposes.

All statistical analyses were performed with SAS software
ver. 9.3 (SAS Institute Inc., Cary, NC) and Stata software 
release 14 (Stata Corp., College Station, TX). Competingrisks
analysis was carried out with the STCOMPET package [17]. 

5. Ethical statement

The study was approved by the Institutional Review Board
of National Cancer Center (IRB No. NCC 2014-0032) and per-
formed in accordance with the principles of the Declaration
of Helsinki. Written informed consents were obtained.

Results

Baseline characteristics of 4,365 study subjects are shown
in Table 1. The great majority of them (n=3,647, 83.6%) had
Lung-RADS category 1, while 424 (9.7%), 182 (4.2%), and 112
(2.6%) had category 2, 3, and 4, respectively. The mean (±SD)
age was 51.1 (±7.6) years with a statistically significant dif-
ference among the Lung-RADS category groups (p < 0.001)
but of uncertain clinical relevance. After median follow-up
of 9.69 years (interquartile range, 8.25 to 10.97), there were
22 cases of lung cancer diagnosed and 38 subjects died
three due to lung cancer and 35 due to causes other than lung

Variable
Initial LDCT findings by Lung-RADS

Category 1 Category 2 Category 3 Category 4 Total 
No. of subjects 3,647 424 182 112 4,365
Age, mean±SD (yr) 50.9±7.6 51.4±7.6 52.3±7.7 53.7±8.2 51.1±7.6
Follow-up time, median (IQR, mo) 9.72 9.47 9.27 9.10 9.69 

(8.34-10.99) (7.78-10.84) (7.97-10.83) (7.56-10.80) (8.25-10.97)
Age group (yr)

40-54 2,516 281 106 62 2,965
55-79 1,131 143 76 50 1,400

Lung cancer developeda) 3 3 0 16 22
Died during follow-upb) 31 1 2 4 38
Cause of death

Lung cancer 0 0 0 3 3
Other causes 31 1 2 1 35

Table 1. Baseline characteristics and outcome variables by the Lung-RADS categories on initial LDCT

Lung-RADS, Lung Imaging Reporting and Data System; LDCT, low-dose computed tomography; IQR, interquartile range.
a)Development of lung cancer identified from Korean Central Cancer Registry Database, updated up until December 31,
2013, b)Survival status and causes of death based the Statistics Korea dataset with December 31, 2013 as the last follow-up
date. 
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cancer. Lung cancer was diagnosed in 16 of 112 subjects
(14.3%) with category 4 nodules while only three of 3,647
subjects (0.08%) with category 1 and three of 424 subjects
(0.71%) with category 2 developed lung cancer. 

Clinical features and initial LDCT findings of 22 lung can-
cer cases are shown in Table 2. Adenocarcinoma was the
most common histology found in all 19 cases (including three
bronchioloalveolar carcinoma) with histology known while
histology was not known in the other three cases. The 
median time interval from initial LDCT to lung cancer diag-
nosis was 28.5 months (range, 0 to 106). However, when we
excluded those nine prevalent cases with category 4 nodules
that were diagnosed within 6 months of initial LDCT, the
median time interval was 67 months (range, 17 to 106
months). The majority of the cases had early stage tumors
(stage IA in 16, localized SEER summary stage in two) while
one had stage IIIA and three had stage IV or distant SEER
summary stage tumors. 

Incidence rate, age-SIR, and cumulative probability by the

lung-RADS category are shown in Table 3. The older (55-79
years) age group had a higher incidence rate (per 100,000
person-years) than younger (40-54 years) age group (98.8 vs.
39.4 per 100,000 person-years, p=0.017). Overall, the lung
cancer incidence for entire study population was 58.6 (95%
CI, 38.6 to 89.0), which was higher than that of 19.9 for gen-
eral female population of the same age groups in Korea for
2002-2007. For the subjects with category 4, the lung cancer
incidence was 1848.4 (95% CI, 1,132.4 to 3,017.2), as com-
pared with 9.5 (95% CI, 3.1 to 29.5) for category 1 and 84.0
(95% CI, 27.1 to 260.4) for 2, respectively. When categories 1,
2, and 3 were combined, it was 16.4 (95% CI, 7.4 to 36.4),
which was significantly lower than the incidence rate for the
subjects with Lung-RADS category 4 (p < 0.001). When the
lung cancer incidence rate was standardized using Segi’s
world standard population, it was 46.9 (95% CI, 28.7 to 72.0)
for entire study population, 11.9 (95% CI, 4.3 to 26.1) for
Lung-RADS categories 1, 2, and 3 combined, and 1,502.0
(95% CI, 835.0 to 2,472.7) for the subjects with Lung-RADS

Variable
Initial LDCT findings by Lung-RADS categories

Category 1 Category 2 Category 3 Subtotal (1-3) Category 4 
p-value Total 

No. of subjects 3,647 424 182 4,253 112 4,365
Person-years of follow-up 31,567.4 3,571.8 1,530.5 36,669.7 865.6 37,535.2
No. of lung cancers

Diagnosed (O) 3.00 3.00 0.00 6.0 16.00 22.00
Expected (E)a) 10.90 1.27 0.58 12.75 0.37 13.12
O/E ratio (95% CI) 0.28 2.37 0.00 0.47 43.80 < 0.0001 1.68

(0.06-0.80) (0.49-6.92) (0.17-1.02) (25.03-71.13) (1.05-2.54)
Incidence per 100,000 
person-years (95% CI)
40-54 yr 4.6 84.7 0.00 12.0 1,440.4 < 0.0001 39.4 

(0.6-32.8) (21.2-338.6) (3.9-37.3) (686.7-3,021.4) (21.2-73.2)
55-79 yr 20.2 82.7 0.00 25.5 2,370.8 < 0.0001 98.8 

(5.1-80.8) (11.6-86.8) (8.2-79.1) (1,233.6-4,556.4) (56.1-174.0)
p-value 0.132 0.511 -0 0.192 0.166 0.017
Overall: crude rate 9.5 84.0 0.00 16.4 1,848.4 < 0.0001 58.6 

(3.1-29.5) (27.1-260.4) (7.4-36.4) (1,132.4-3,017.2) (38.6-89.0) 
Age-standardized ratea) 6.2 68.1 0.00 11.9 1,502.0 46.9 

(1.3-18.2) (13.0-200.5) (4.3- 26.1) (835.0-2,472.7) (28.7-72.0)
Cumulative probability 
of lung cancer (%)

5 Years later 0.03 0.47 0.00 0.07 10.64
10 Years later 0.12 0.71 0.00 0.17 14.81

Table 3. Cumulative probability and age-standardized incidence ratio of lung cancer among female never-smokers by Lung-
RADS

Incidence of lung cancer in Korean female general population, 2002-2007, 19.9 in aged 40-79 years, 12.0 in aged 40-54 years ,
and 25.4 in aged 55-79 years. Lung-RADS, Lung Imaging Reporting and Data System; LDCT, low-dose computed tomogra-
phy; CI, confidence interval. a)Age-standardized rate using Segi’s world standard population. 
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category 4. 
The SIR for entire study populations was 1.68 (95% CI, 1.05

to 2.54), meaning that our study population had slightly
higher risk of lung as compared with general Korean female
population of same age group. Subjects with category 4 
lesions had much higher SIR of 43.80 (95% CI, 25.03 to 71.13),
whereas the SIR was only 0.28 (95% CI, 0.06 to 0.80) for cate-
gory 1, 2.37 (95% CI, 0.49 to 6.92) for category 2, and 0.47
(95% CI, 0.17 to 1.02) when categories 1, 2, and 3 were com-
bined. When we excluded the nine prevalent cases, SIR for
the subjects with category 4 lesions remained still high at
19.18 (95% CI, 7.71 to 39.52), as compared with 0.99 (95% CI,
0.53 to 1.69) for the entire group (S1 Table). 

The cumulative probability of lung cancer for the subjects
with category 4 was 10.6% at 5 years and 14.8% at 10 years
(Fig. 1). Corresponding figures were 0.03% and 0.12% for cat-
egory 1, 0.47% and 0.71% for category 2, and 0.0% for cate-
gory 3, respectively, and 0.07% and 0.17% when categories
1, 2, and 3 were combined. Even when the nine prevalent
cases which were diagnosed within 6 months were excluded,
cumulative probability of lung cancer for the subjects with
category 4 was 2.9% at 5 years and 7.4% at 10 years (S1 Table).

Discussion

In our study of 4,365 female never smokers, the most strik-
ing finding was that Lung-RADS category 4 nodules, which
were found in only 2.5% of the study subjects, accounted for
72.7% of lung cancers diagnosed with the age-SIR of 43.80
(95% CI, 25.03 to 71.13). On the other hand, subjects with
other than category 4 had very low risk of lung cancer with
SIR of 0.47 (95% CI, 0.17 to 1.02). In fact, when the Lung-
RADS was retrospectively applied to 26,455 high risk sub-
jects enrolled in NLST, lung cancer was diagnosed in 227 of
1,904 subjects (11.9%) with category 4 (including 4A, 4B, and
4X) lesions, which accounted for 77.7% of all lung cancer 
diagnosed [18]. In a recent single institutional study that
retroactively reclassified clinical computed tomography (CT)
lung screening examinations lung cancer was diagnosed in
25 of 66 subjects (37.9%) with category 4 nodules among
1,603 subjects with clinical follow-up data available (average,
480 days), which accounted for 86.2% of all lung cancers 
diagnosed [19]. Taken together, Lung-RADS category 4
seems to be very useful in sorting out the individuals with
higher risk of lung cancer even among such low-risk subjects
as female never smokers. 

To minimize the potential bias caused by incomplete 
reporting of active smoking, we measured the urine cotinine
levels and excluded 83 of 4,448 eligible “self-reported” never
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time of initial low-dose computed tomography.
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smokers from analysis. Despite of this effort, there are 
inevitable component of selection bias and overdiagnosis. In
our study, four of the six lung cancer cases that developed
in subjects with Lung-RADS category 1 or 2 were the typical
stage IA adenocarcinoma (mostly, bronchioloalveolar carci-
noma) that was confirmed by resection of either newly 
developed (case 22 in Table 2) or slow-growing non-solid
nodules with or without part-solid component (cases 17, 18,
and 19). It has been known that majority of screen-detected
lung cancers manifested as non-solid nodules with no
growth or very slow growth. Recently, Lee et al. [20] demon-
strated that follow-up until interval growth of part-solid nod-
ules with solid components less than 5 mm does not
negatively influence disease recurrence. In addition, the case
of thin walled cystic adenocarcinoma in our study (case 20)
was diagnosed 34 months later from a pre-existing cystic air-
space noted on screening LDCT. Recent publication reported
that lung cancers could develop from isolated cystic airspace
with increased wall thickness detected on annual LDCT fol-
low-up [21]. In retrospect, this case might well be categorized
in 4X (imaging findings with suspect malignancy) instead of
category 1S (mentioned as S meaning other findings), but it
was kept as originally recorded. Overall, among the female
never smokers with Lung-RADS category 1 or 2, excluding
those five cases, only one clinically significant lung cancer
(case 21) developed during the median follow-up of 9.69
years. 

In our study, the age-standardized incidence for entire
study population was 46.9 (95% CI, 28.7 to 72.0) per 100,000
person-years, which was higher than that of 19.9 for general
female population of the same age group in Korea for 2002-
2007. Given the nature of our study, there was possibility of
selection bias, as evidenced by high SIR of 1.68 (95% CI, 1.05
to 2.54). It is interesting to note that after analyzing the com-
piled data from 13 cohorts and 22 cancer registry studies,
Thun et al. [22] reported that lung cancer incidence for non-
smoker women aged 40-79 years were 12.7 (11.4-13.9) for 
European descent, 14.0 (9.4-18.6) for Asian origin, and 20.5
(15.1-25.9) for African American women in the United States.
In our study, when the nine prevalence cases were excluded,
SIR was 0.99 (95% CI, 0.53 to 1.69), which means that once
the prevalence cases were excluded, lung cancer risk of our
study population were comparable to the general female
population of the same age group in Korea. However, the
age standardized incidence rate was 30.9 (95% CI, 17.5 to
65.5), which seems to be consistent with the observation of
Thun et al. [22] that the incidence rates of lung cancer were
higher and more variable among women in East Asia than
in other geographic areas with low prevalence of female
smoking.

Based on currently available evidence, lung cancer screen-
ing is unlikely to be beneficial for majority of never smokers

[12,23]. Nevertheless, in a clinical practice setting, it is hard
to deny lung cancer screening with LDCT, if someone wants
after shared decision making process, especially in East Asia
countries where the incidence rates of lung cancer in females
are higher. In a recent trend analysis of cancer incidence in
Korea between 1999 and 2013, lung cancer incidence 
increased in women from 12.4 to 14.9 per 100,000 while it 
decreased in men from 51.4 to 44.2 [24,25]. In addition, ade-
nocarcinoma is the most histology detected on LDCT screen-
ing and it is most prevalent in recent series of lung cancer in
never smokers [11,22,26]. As shown in our study, category 4
nodules were associated with high risk of lung cancer even
in female never smokers. Two of our study subjects eventu-
ally died after developing advanced lung cancer when cate-
gory 4 nodules were not properly managed. 

Currently, annual LDCT screening remains to be the stan-
dard of care for the high risk subjects with category 1 or 2
findings on initial screening [13]. Recently, Fleischner Society
guidelines 2017 recommended no routine follow-up for solid
or subsolid nodules less than 6-mm in size those are inciden-
tally detected on CT images [27]. For subsolid nodules with
6-mm and over, follow-up CT scans were recommended
with variable intervals depending on their sizes until 5 years.
In fact, the solid or sub-solid nodules less than 6-mm in size
correspond to the Lung-RADS category 2 lesions. As such,
female never smokers who had Lung-RADS category 1 or 2
findings on initial screening LDCT may not need further fol-
low-ups. However, even for the female never smokers, they
are not completely free of lung cancer risk and the risk 
increases gradually over time as the subjects are getting
older. Female never smokers with Lung-RADS category 1 in
our study had 5-year cumulative probability of lung cancer
(0.03%), which was comparable to that for the subjects of
NLST study with the same category on the first follow-up
LDCT after the baseline screening (0.04%), but lower than
that for those with the same category on baseline LDCT in
NLST study (0.1%) [18]. Furthermore, it has been well docu-
mented in the literature that lung cancer detection rate is
lower at repeat screenings than at the initial screening in low-
risk subjects including female never smokers [6,7,28,29].
Therefore, it seems reasonable to extend the re-screening 
interval to 5 years or even longer in female never smokers
with negative findings on screening LDCT, which is analo-
gous to the colon cancer screening recommendation with CT-
colonoscopy in average-risk patients with age of 50 and over
[30].

Our study may have some limitations since the study sub-
jects were primarily composed of middle-aged Korean 
females in relatively higher socioeconomic status, who were
more interested in their health condition and affordable and
willing to pay the expenses for health checkups including
LDCT screening than general population. Their mean age
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was only 51 years and the median follow-up duration was
9.69 years after the initial LDCT screening. Given the fact that
the risk of lung cancer further increases in mid-60s and 70s
in age, overall risk of lung cancer in our study might well be
underestimated. In addition, because LDCT was performed
on a voluntary basis without formal study protocol, more
than 80% of study subjects had no follow-up CT scans. As a
result, we could not systematically evaluate whether the
findings on initial LDCT would subsequently regress or
progress to lung cancer, but it was not the primary focus of
our study. Moreover, the sample size was rather small,
which made the variance of estimated lung cancer risk even
wider for certain subgroups. In fact, there was no lung cancer
developed among the subjects with category 3 findings. 
Despite these limitations, we were able to demonstrate that
Lung-RADS category was very useful in sorting out the 
individuals with higher lung cancer risk even among such
low-risk subjects as female never smokers. However, the
issue of optimum age for initial LDCT screening couldn’t be
addressed. On the other hand, the possibility of missing the
lung cancer cases in our study is very slim since all cancer
patients who visited any hospitals are reported to the KCCR
by law in Korea, where the universal healthcare coverage is
provided by the National Health Insurance. 

In summary, because of growing concerns about lung can-

cer, LDCT screening is performed as part of personal health
checkups even in female never smokers. However, there has
been no specific guidelines on lung cancer screening of 
female never smokers. Considering the low risk of lung can-
cer development in female never smokers, unless the initial
LDCT showed Lung-RADS category 4 findings of suspicious
malignancy, it seems unnecessary to repeat annual LDCT
screening for at least 5 years or even longer. 
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   Purpose
Our study aimed to report the annual changes in lung cancer statistics and analyze trends
in sociodemographic, medical, and financial factors from 2003 to 2013 in the national
database from the Korean National Health Insurance (KNHI). 

Materials and Methods
Among 7,489 patients with code C34 in KNHI database, only lung cancer patients newly 
diagnosed after 2003 were included in the study population, for a total of 4,582 patients.
Descriptive statistics were used to characterize treatment patterns and medical costs 
according to sociodemographic factors.

Results
Approximately 70% of subjects were male, and the mean age was 67 years. Around 46%
of patients were over 70 years old, and 12% were over 80 years old. The medical costs
were highest for patients younger than 60 and lowest for those over 80 years old. Surgery
was more common in younger patients, while “no treatment” increased greatly with age. In
trend analysis, the proportions of aging (p for trend < 0.001), female (p for trend=0.003),
metropolitan/urban (p for trend=0.041), and lowest or highest-income patients (p for
trend=0.004) increased over time, along with the prevalence of surgery as the primary treat-
ment (p for trend < 0.001). There was also a trend with regard to change in medical costs
(p for trend < 0.001), in that those of surgery and radiotherapy increased.

Conclusion
Surgery as a curative treatment has increased over the past decade. However, the elderly,
suburban/rural residents, and low-income patients were more likely to be untreated. There-
fore, active measures are required for these increasingly vulnerable groups.
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Introduction

Lung cancer is the leading cause of death. In South Korea,
lung surpassed stomach cancer as the leading cause of cancer
death in 1999, and it is expected to account for 22.6% of all
cancer deaths in 2012 [1]. Although the prevalence of lung
cancer in males has decreased, it is still high among patients
aged 65 and over [1]. In 2012, lung cancer killed an estimated
1,098,700 men and 491,200 women worldwide, correspon-

ding to 24% and 14% of all cancer deaths in males and 
females, respectively [2]. 

Fortunately, lung cancer mortality has decreased due to
smoking cessation, early diagnosis [3,4], and treatment 
improvements. Many countries, notably high-income ones,
have seen a considerable decrease in the smoking prevalence
for both males and females, so the trend of the lung cancer
mortality is decreasing [5]. New surgical treatments have
been adopted, such as video-assisted thoracic surgery, and
have had good results, including earlier recovery, reduced



chest pain, better cosmetics, and similar oncologic results
[6,7]. Moreover, recent advances in systemic cytotoxic and
molecularly targeted therapies have the potential to improve
outcomes in lung cancer patients [8]. Advanced radiotherapy
may be effective not only in the elderly, but also in younger
cancer patients [9]. It is thought that the trends in the various
factors related to lung cancer have resulted from the above
improvements. Thus, it is important to understand these
trends as a basis for creating efficient policies to overcome
lung cancer and for effectively allocating resources. Trend
data have already been examined in other countries and used
to forecast changes in cancers [10,11]. However, such studies
are lacking or have concentrated on certain areas in Korea
[12,13].

Therefore, the purpose of this study is to report the annual
changes in lung cancer statistics in Korea, and to analyze the
trends in sociodemographic, medical, and financial factors
related to lung cancer from 2003 to 2013 with the national
database from the Korean National Health Insurance (NHI). 

Materials and Methods

1. Data sources and subjects 

In South Korea, the NHI provides mandatory universal
health insurance and offers comprehensive medical care cov-
erage to all South Korean residents. Study data were 
obtained from 2002 to 2013 from the NHI Sharing Service
provided by the NHI Corporation. These data were claims
data from 1,000,000 people, representing 2% of the entire 
Korean population, randomly selected after the entire pop-
ulation was stratified according to sociodemographic param-
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Table 1. Basic characteristics of study population  

OP, surgical treatment; RTx, radiation therapy; CTx, chemo-
therapy; Tx, treatment.

Characteristic No. (%) (n=4,538)  
Age (yr)

30-49 364 (8.0)
50-59 707 (15.6)
60-69 1,403 (30.9)
70-79 1,504 (33.2)
 80 560 (12.3)

Sex
Male 3,210 (70.7)
Female 1,328 (29.3)

Residence
Metropolitan 791 (17.4)
Urban 1,091 (24.0)
Suburban/Rural 2,656 (58.5)

Income
1st quartile 866 (19.1)
2nd quartile 947 (20.9)
3rd quartile 1,298 (28.6)
4th quartile 1,427 (31.4)

Primary treatment modality
OP 891 (19.6)
RTx 1,250 (27.6)
CTx 1,991 (43.9)

Primary treatment regimen
OP only 569 (12.5)
OP+CTx 202 (4.4)
OP+RTx 49 (1.1)
OP+CTx+RTx 71 (1.6)
CTx+RTx 656 (14.5)
CTx only 1,062 (23.4)
RTx only 474 (10.4)
No Tx 1,455 (32.1)

Fig. 1. Disposition of study subjects. NHIS, National Health Interview Survey.

Patients with code C34 claims in NHIS from 2002 to 2015 (n=7,489)

Lung cancer patients newly diagnosed after 2003 (n=4,538)

Excluded due to:
Patients had never undergone primary treatment modalities and 
  hospital admission for lung cancer since 2002 (n=2,586)
Patients had received above mentioned treatment in 2002, 
  who could not confirm if they had ever received treatment 
  for lung cancer before (n=344)
Patients who were younger than 30 years old (n=21)
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eters (age, sex, and income). The database includes detailed
patient sociodemographic information, such as sex, age,
health insurance premiums, residential area, comorbid dis-
eases, treatment information including disease diagnoses,
imaging and laboratory tests, procedures, and death out-
comes. Patients with code C34 claims, indicating lung cancer
according to the International Classification of Diseases, 10th
edition, Clinical Modification (ICD-10-CM), were screened.
Among 7,489 patients having code C34 from 2002 to 2013,
only lung cancer patients newly diagnosed after 2003 were
included, so that the confounding effects due to pre-diag-

nosed lung cancer could be minimized. Early stage lung can-
cer can be billed as benign neoplasm at the time of surgery.
Therefore, patients who were continuously billed as lung
cancer (C34) after surgery were included in the study. Given
that illegal billing practices such as upcoding occur in the
healthcare industry, patients were also excluded if they only
had a diagnosis of lung cancer, without histories of treatment
and hospital admission (n=2,586). Patients with code C34 in
2002 (n=344) and those younger than 30 (n=21) were also 
excluded. Thus, a total of 4,538 patients with newly diag-
nosed lung cancer constituted the study population (Fig. 1). 

Dohun Kim, Patterns of Treatment and Cost

Fig. 2.  Overview of medical costs and primary treatment regimens by sociodemographic factors of lung cancer patients in
Korea, 2003-2013. Overview of the medical costs (in Korean won) of newly diagnosed lung cancer cases from 2003 to 2013
in Korea by sex (A), age group (B), income level (C), and residence (D) are shown. (Continued to the next page)
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2. Operational definition of primary treatment and costs

We analyzed treatment patterns and medical costs in terms
of the primary treatment modality, whether surgery (OP), 
radiation therapy (RTx), or chemotherapy (CTx). OP inclu-
ded open/thoracoscopic resection of the trachea or lungs, as
well as mediastinal lymph node dissection (MLND) (Korean
National Health Insurance [KNHI] reimbursement codes
O1311-O1316, O1341-O1345, O1401-O1432, and O1596). The
OP type was categorized as pneumonectomy, lobectomy,
segmentectomy, wedge resection, and MLND only. The 
exploratory thoracotomy (KNHI reimbursement codes

‘O1360’) was not included.  RTx encompassed all types of 
radiotherapy, including conformal and intensity-modulated
RTx. Although patients may have undergone additional
therapy before or after OP and RTx, they were categorized
in terms of their primary treatment modality. CTx regimens
used for lung cancer were applied in this study. The cost of
each treatment modality was also calculated. “No treatment”
was operationally defined as hospitalization with lung can-
cer (C34) without any treatment.

Cancer Res Treat. 2018;50(3):757-767

Fig. 2. (Continued from the previous page) The proportions of the primary treatment regimens by sex (E), age group (F), income
level (G), and residence (H) are shown. OP, surgical treatment; RTx, radiation therapy; CTx, chemotherapy; OP+Adjuvant,
OP+CTx or OP+RTx or OP+CTx+RTx; Tx, treatment; Q, quartile.
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3. Variables and statistical analysis

Patient sociodemographic parameters included age, 
income class, and residential area. Patients were divided into
five categories according to their age at diagnosis (< 49, 50-
59, 60-69, 70-79, and  80 years). Income class was divided
into quartiles as provided by the KNHI. Residential area was
divided into three categories (metropolitan, urban, and sub-
urban/rural) based on population density. Descriptive sta-

tistics were used to characterize treatment patterns and med-
ical costs according to sociodemographic factors. The 
annual p for trend was determined with a Wilcoxon type test
for trend across ordered groups. All tests were two-tailed,
with p < 0.05 considered significant. Statistical analyses were
performed with Stata/SE software ver. 12.1 (Stata Corp., Col-
lege Station, TX).
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Fig. 3.  Trends in lung cancer by sociodemographic factors in Korea, 2003-2013. Trends in newly diagnosed lung cancer cases
by sociodemographic factors from 2003 to 2013 are shown based on the proportion of cases for each year. Trends by sex (A),
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4. Ethical statement

The informed consent was waived and the study protocol
was approved by the Institutional Review Board of Chung-
buk National University (2015-04-005).

Results

1. Basic characteristics of the study population

The mean age was 67.1 years (standard deviation, 11.6),
and 46% of the patients were over the age of 70. Moreover,
more than 10% of subjects were over the age of 80. Males con-
stituted the majority, about 70% of the study population. 
Detailed characteristics of the study population were in Table 1.
Suburban/rural areas were the most common regions of res-
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idence. Whereas income levels were generally evenly distrib-
uted, the fourth quartile contained the highest percentage of
subjects (31%). “No treatment” (“No Tx”) was the most com-
mon primary treatment regimen, and “CTx only” was the
next most common primary treatment regimen. Nineteen
percent of subjects received OP as the primary treatment,
while 26.7% received RTx and 43.9% received CTx. 

2. Medical costs and primary treatment regimens by 
sociodemographic factors

The overall mean medical costs by sex, age, income, and
residence are shown in Fig. 2A-D. The medical costs attrib-
uted to patients under the age of 60 were slightly higher than
those attributed to other age groups (Fig. 2B), although the
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former made up only around 25% of the lung cancer cases
during the 10-year study period (Fig. 3B). Similar trends
were observed in residential areas and medical costs. The
majority of lung cancer subjects came from suburban/rural
areas (Fig. 3D), but the medical costs attributed to these sub-
jects were markedly lower than those attributed to subjects
from metropolitan or urban areas (Fig. 2D). 

The distributions of primary treatment regimens according
to various factors are shown in Fig. 2E-H. As expected, a
markedly higher proportion of younger subjects received
OP, and “no treatment” highly increased with age. Notably,
the proportion of subjects who received no treatment was
much lower in metropolitan areas.

3. Trends in lung cancer cases by sociodemographic factors 

There was a statistically significant trend of change in the
gender distribution of lung cancer cases (p for trend=0.003),
in which the proportion of females increased over the years
(Fig. 3A). The age distribution also displayed a significant
trend of change over time (p for trend < 0.001), as the pro-
portions of subjects aged 70-79 and  80 increased, while the
proportion of subjects aged 30-49 decreased (Fig. 3B). The
overall proportion of lowest-income or highest-income
group slightly increased over the years (p for trend=0.004)
(Fig. 3C). The residential area of lung cancer patients had a
slight fluctuation over the years (p for trend=0.041) (Fig. 3D).

4. Trends in primary treatment for lung cancer 

There was an overall increase in the proportion of subjects
who received OP as the primary treatment (p for trend 
< 0.001), whereas there was no overall significant change for
RTx (p for trend=0.066) or CTx (p for trend=0.057) (Fig. 4A).
There was a statistically significant trend of change in the pri-
mary treatment regimen over the years (overall p for trend
< 0.001), where notably the proportion of subjects who 
received no treatment decreased, and the proportion of sub-
jects who received only OP increased (Fig. 4B). There was not
a statistically significant trend of change in the type of sur-
gery (p for trend=0.090); nonetheless, the proportion of sub-
jects who received pneumonectomy decreased, while the
proportion of subjects who received lobectomy increased
(Fig. 4C). 

5. Trends in medical costs for the primary treatment of lung
cancer 

There was an overall statistically significant trend of
change in the mean total medical cost for lung cancer treat-
ment (p for trend < 0.001), notably for OP and RTx. The pro-
portion of medical costs from CTx decreased (Fig. 5). 
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Discussion

Lung cancer was found to be a more prevalent malignancy
in elderly, male, suburban/rural, and low-income subjects.
Although lung cancer is becoming increasingly prevalent in
aging individuals, there are also trends of increase in female,

metropolitan/urban, and high-income patients. Female
smokers are not rare, but are increasing in prevalence, espe-
cially among adolescents in Korea [14]. In addition, it is well-
known that traffic-related air pollution significantly increases
the risk of lung cancer and can shorten the survival of lung
cancer patients [15,16]. Therefore, it is understandable that
the proportion of female and metropolitan/urban lung can-
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cer patients has increased in Korea. One reason for the 
increase in high-income patients may be that most of them
tend to live in urban or metropolitan regions. Other factors
should also be considered, including the greater exposure to
air pollution and the lower daily activity levels than those of
suburban/rural residents [15,17]. 

The prevalence of surgery increased during the study 
period, while the proportion of non-treated patients decrea-
sed. The increase in surgery may be due to the early detection
of lung cancer and the extension of surgical indications [3,18-
20]. In particular, lobectomy (the standard treatment for lung
cancer) has increased, rather than pneumonectomy (a rela-
tively easy operation that nevertheless has many complica-
tions) [21]. Although the overall proportion of non-treated
patients has decreased, more suburban/rural and elderly 
patients have given up treatment. In other words, the will-
ingness to cure has become the lowest where the greatest
number of patients has developed.

The medical cost of lung cancer was greatest in male,
younger, and higher-income patients. Costs decreased with
age, but this may not reflect the real demand for medical 
resources, because the proportion of non-treated patients
also increased with age. It may be similar in residence (met-
ropolitan/urban > suburban/rural). In trend analysis, med-
ical costs increased gradually, notably for surgery and
radiotherapy. This may be partly because of newly devel-
oped techniques or machines [7,9,22]. The medical cost of Ctx
decreased, but CTx is still the mainstay of lung cancer treat-
ment, and the cost may increase in the future as new medi-
cines are developed, not only due to the price itself, but also
due to the extension of indications [23]. 

There are some limitations to this study. First, we used
NHI claims data of 1,000,000 cohort representing 2% of the
entire Korean population. This database has sufficient rep-
resentation, but the study subjects were relatively small.

Health insurance did not cover target agents such as beva-
cizumab, cetuximab, crizotinib during the study period.
Therefore, the CTx costs may have been underestimated
even though they were taken. Second, survival analysis was
not possible due to the characteristics of the data (there was
no exact TNM staging, which is a critical factor in the deter-
mination of survival). Further studies merging data from the
Korean cancer registry will be helpful in providing such 
detailed information [24]. Third, it is difficult to envision this
report being useful for years to come, because many new
techniques, machines, and medicines will be adopted or are
beginning to be adopted already. However, these data will
help to guide policy decisions regarding lung cancer treat-
ment and the distribution of medical resources, and are 
expected to be of value as a reference in the future.

In conclusion, lung cancer is characterized as affecting eld-
erly, male, suburban, and low-income individuals, but is 
exhibiting new trends of acceleration among aging, female,
metropolitan/urban, and high-income individuals. Surgery
as a curative treatment has increased over the past decade.
However, the elderly, suburban/rural residents, and low-
income patients were more likely to be untreated. Therefore,
active measures are required for these increasingly vulnera-
ble groups.
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Survival Nomograms after Curative Neoadjuvant Chemotherapy and
Radical Surgery for Stage IB2-IIIB Cervical Cancer

Original Article

Purpose
The purpose of this study was to develop nomograms for predicting the probability of overall
survival (OS) and progression-free survival (PFS) in locally advanced cervical cancer  treated
with neoadjuvant chemotherapy  and radical surgery.

Materials and Methods
Nomograms to predict the 5-year OS rates and the 2-year PFS rates were constructed. Cali-
bration plots were constructed, and concordance indices were calculated. Evaluated vari-
ables were body mass index, age, tumor size, tumor histology, grading, lymphovascular space
invasion, positive parametria, and positive lymph nodes. 

Results
In total 245 patients with locally advanced cervical cancer who underwent neoadjuvant
chemotherapy and radical surgery were included for the construction of the nomogram. The
5-year OS and PFS were 72.6% and 66%, respectively. Tumor size, grading, and parametria
status affected the rate of OS, whereas tumor size and positive parametria were the main
independent PFS prognostic factors.  

Conclusion
We constructed a nomogram based on clinicopathological features in order to predict 
2-year PFS and 5-year OS in locally advanced cervical cancer primarily treated with neoad-
juvant chemotherapy followed by radical surgery. This tool might be particularly helpful for
assisting in the follow-up of cervical cancer patients who have not undergone concurrent
chemoradiotherapy. 
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Introduction

Cervical cancer is the third most commonly diagnosed can-
cer and the fourth leading cause of cancer death in females,
even if in some countries, such as Asia, the absolute number
of cervical cancer cases has decreased from 4,443 in 1999 to
3,857 in 2010 [1,2].  

It is well established that concurrent chemoradiation
(CRT), as well as neoadjuvant chemotherapy (NACT) fol-

lowed by radical surgery (RS), are both superior to radiother-
apy alone in terms of overall survival (OS), in locally 
advanced cervical cancer (LACC) management [3,4]. But sev-
eral controversies still exist to identify the more appropriate
strategy. Tumor down staging, improved resectability and
potential beneficial effects on micrometastasis encourage the
use of a NACT approach in the management of this disease
[5]. In the era of individualized cancer treatment, the use of
prediction model to estimate survival outcomes would be
particularly helpful in clinical decision-making. Different
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prognostic models are available in LACC patients receiving
CRT [6-10]. Whereas, a prognostic predictor for LACC 
patients treated with NACT plus RS has not yet been imple-
mented and validated.

The aim of the current study was to find clinicopathologic
variables associated with OS and progression-free survival
(PFS) following curative NACT and RS for LACC, and create
a nomogram for individual risk prediction. 

Materials and Methods

1. Study population

Clinical data of cervical cancer patients undergoing NACT
and surgical curative resection between January 2004 and
December 2011 were retrospectively collected from our
dataset. Patients with distant metastases at diagnosis, unop-
erated, with history of previous pelvic radiation therapy or
chemotherapy and those with missing data were excluded.
All patients were treated with a multimodal treatment 
approach, including platinum-based chemotherapy and sur-
gery, scheduled 5-7 weeks after the end of NACT, independ-
ently of clinical response. The NACT regimen was not
predetermined, but minimal requirements were a cisplatin-
containing regimen with a 225 mg/m2 total cisplatin dose
with a maximum of two additional drugs, administered over
a period of 6 to 8 weeks.

Before NACT, all patients were submitted to a gynecolog-
ical examination under general anesthesia. A total body com-
puted tomography (CT) scan or magnetic resonance imaging
(MRI) was performed in all patients. Cystoscopy was per-
formed in patients with suspected advanced disease in the
anterior parametria at gynecological examination or having
a suspicious invasion on CT scan or MRI. After three cycles
of NACT, patients were clinically reassessed and classified
as suitable or unsuitable for RS. RS consisted of systematic
(at least 20 nodes to be resected) pelvic lymphadenectomy
plus radical hysterectomy (type III to V) plus. Aortic lym-
phadenectomy was reserved for patients with pelvic node
disease at intraoperative examination or finding of bulky aor-
tic nodes at preoperative imaging or at time of surgery. If 
required, additional surgical procedures were performed:
ureteral, full thickness and extramucosal bladder resection,
uretero-ureteral anastomosis, or ureteral reimplantation. 
Patients not considered amenable of radical surgery after
chemotherapy treatment were excluded from our analysis
(intention per protocol analysis) as well as patients whose
physical condition made optimal surgery unsafe (Eastern 
Cooperative Oncology Group performance status 2 after

NACT; serious comorbidities).  Patients deemed inoperable
were offered chemoradiotherapy or palliative chemotherapy. 

After radical surgery, all specimens were histopathologi-
cally reviewed, and the pathological TNM class and stage
were determined according to the classification established
by the American Joint Committee on Cancer, seventh edition
[11]. Patients staged with a prior edition staging system were
restaged according to the seventh edition. According to 
institutional policy, adjuvant treatment, such as chemother-
apy and/or radiotherapy, was recommended in those 
patients with pathologic risk factors detected in the operative
specimen, including positive vaginal margin, positive para-
metrial margin, and pelvic or aortic lymph node metastasis.
Adjuvant radiotherapy was used to treat the whole pelvis,
including the common iliac and periaortic lymph nodes if
positive. Patients were followed according to internal proto-
col weekly during chemotherapy treatment and up to 2
weeks postsurgery. After treatment, patients were monitored
3 monthly intervals for the first 2 years, at 4-6 monthly inter-
vals for the additional 2 years, and annually for subsequent
years. Patients were followed up closely to detect persistent
or recurrent disease by clinical examination. Imaging,
positron emission tomography/CT or CT scan, was per-
formed 12 weeks after surgery to assess disease response. We
included only patients for whom at least 5-year follow-up
was available, because OS nomogram reflect 5-year event
rates.

2. Statistical analysis

Statistical analysis was carried out using R-Studio 0.98.
1091 software and SPSS ver. 24.0 (IBM Corp., Armonk, NY).
Standard descriptive statistics were used to evaluate the dis-
tribution of each factor. Continuous variables were presented
as medians and ranges, and dichotomous variables were pre-
sented as percentages. Student’s t test and Wilcoxon rank-
sum test were used to evaluate any differences in continuous
variables; Pearson’s chi-square test or Fisher exact test was
used for categorical variables. 

OS and PFS were calculated in months from the date of 
diagnosis to the first event, including date of the last follow-
up or death (OS) and/or relapse (PFS).

The evaluated variables were age (< 50 vs.  50), smoker
(no vs. yes), body mass index (BMI; < 25 vs.  25), tumor size
(< 4 cm vs.  4 cm), tumor histology (squamous cell carci-
noma vs. other histologies), tumor grade (G1 vs. G2 vs. G3),
International Federation of Gynecology and Obstetrics
(FIGO) disease stage (IB2-IIA vs. IIB vs. III), lymphovascular
space invasion (absence vs. presence), positive parametria
(no vs. yes), and pathologic nodal status (negative vs. posi-
tive). Firstly, univariate analysis was carried out to assess the
single variables for predictive power. Then, those variables
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associated with a p-value of  0.25 were included in a multi-
variate survival Cox regression analysis. All reported p-val-
ues are two-sided, and p-values lower than 0.05 were
considered significant. 

Independently of statistical significance, we decided to 
include variables as nomogram parameters because non-sig-
nificant variables should be assumed to have a minimal effect
on survival. Nomograms were constructed to visualize the
effect of each selected variable on the estimated probability.
Internal validation was performed using the bootstrap
method to estimate the optimism of the model. We perform
bootstrap validation using 200 bootstrap datasets con-
structed by sampling with replacement from the original
data but in such a way to maintain the same ratio of long
term survivors relative to the number of patients surviving
for less than 2 years (PFS) and 5 years (OS) [12]. 

3. Ethical statement

The data were analyzed retrospectively from a database
compiled prospectively, this procedure does not require the
approvation by the Institutional Review Board but only the
approval of the department that was obtained.

Patients have signed a consensus regarding the use of their
data for scientific research.

Table 1. Patient characteristics
Characteristic No. (%)  
Age (yr)

Median (range) 51 (24-83)
< 50 116 (47.3)
 50 129 (52.7)

Smoker
Yes 56 (22.9)
No 189 (77.1)

Body mass index (kg/m2)
< 25 165 (67.3)
 25 80 (32.7)

Histology
Squamous 208 (84.9)
Adenocarcinoma 27 (11)
Adenosquamous 10 (4.1)

Tumor size (cm)
< 4 181 (73.9)
 4 64 (26.1)

Grading
1 16 (6.5)
2 126 (51.4)
3 103 (42.1)

FIGO stage
IB2 40 (16.4)
IIA 21 (8.6)
IIB 115 (46.9)
IIIA 9 (3.7)
IIIB 60 (24.4)

Table 2. Histopathological characteristics 
Characteristic No. (%)  
Lymph vascular space invasion

Yes 44 (18)
No 201 (82)

Parametria invasion
Yes 70 (25.3)
No 175 (71.4)

Lymph node involvment
Yes 63 (25.9)
No 182 (74.1)
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Fig. 1.  Overall survival according to International Feder-
ation of Gynecology and Obstetrics stage.

FIGO, International Federation of Gynecology and Obstet-
rics.
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Results

A total of 245 patients who underwent neoadjuvant plat-
inum-based chemotherapy and radical surgery for primary
cervical carcinoma were included in the study. The general
characteristics of the patients are listed in Table 1. Mean age
at diagnosis was 51 years and the vast majority of patients
(n=184, 75.1%) had at least tumor with parametrial invasion.
Histo-pathological details are shown in Table 2.

1. Overall survival

The median OS was 144 months with a 5-year OS of 72.6%
(95% confidence interval [CI], 0.66 to 0.79). Overall, FIGO dis-
ease stage was strongly associated with OS with a 5-year OS
rates of 90.8% (95% CI, 0.79 to 0.96), 72.6% (95% CI, 0.61 to
0.81), and 52.5% (95% CI, 0.37 to 0.66), for FIGO stage IB2-
IIA, IIB, and III, respectively (p < 0.001) (Fig. 1). On univari-
ate analysis, smoke, tumor size, FIGO disease stage, lympho-
vascular space invasion, positive parametria, and positive
lymph-nodes were significant prognostic factors associated
with OS (Table 3). On multivariate analysis, tumor size, grad-
ing, and parametria status were independently prognostic
(Table 2).  

2. Progression-free survival

Median time for PFS was 98 months (range, 84 to 140
months). The 2-year and 5-year PFS were 83.7% and 66%, 
respectively (Fig. 2). On univariate analysis, tumor size,
FIGO stage, lymphovascular space invasion, parametria sta-
tus and positive lymph-nodes were predictive for PFS. Age,
tumor size, and positive parametria affected the rate of PFS,
in multivariate analysis. Details are shown in Table 4. 

3. Nomograms

To account for the importance of tumor and clinical patho-
logical factors, the most predictive variables were used to cre-
ate two nomograms, one to predict the 5-year probability of
OS and the other to predict the 2-year probability of PFS. The
concordance index of the OS nomogram was 0.66, whereas
the concordance index of the PFS nomogram was 0.64. Cali-
bration plots demonstrated good agreement between pre-

Variable
Univariate analysis Multivariate analysis

Hazard ratio p-value Hazard ratio p-value
Age (< 50 yr vs.  50 yr) 0.90 (0.56-1.45) 0.68 - -
Smoker (no vs. yes) 3.05 (1.22-7.60) 0.02 2.34 (0.86-6.38) 0.10
BMI (< 25 kg/m2 vs.  25 kg/m2) 0.88 (0.53-1.44) 0.62 - -
Histology (squamous vs. other) 0.58 (0.76-3.32) 0.21 1.16 (0.47-2.88) 0.74
Tumor size (< 4 cm vs.  4 cm) 0.38 (0.20-0.71) < 0.01 0.49 (0.24-1.02) 0.05
Grading (1-2 vs. 3) 0.63 (0.39-1.01) 0.06 0.48 (0.27-0.86) 0.01
FIGO stage (IB-II vs. III) 0.43 (0.26-0.70) < 0.01 0.69 (0.37-1.30) 0.25
LVSI (no vs. yes) 0.32 (0.19-0.53) < 0.01 0.86 (0.43-1.71) 0.67
Positive parametria (no vs. yes) 0.21 (0.13-0.35) < 0.01 0.43 (0.19-0.97) 0.04
Positive lymph nodes (no vs. yes) 0.26 (0.16-0.42) < 0.01 0.54 (0.23-1.24) 0.14

Table 3. Overall survival univariate and multivariate analysis

BMI, body mass index; FIGO, International Federation of Gynecology and Obstetrics; LVSI, lymphovascular space invasion.
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Fig. 2.  Disease-free survival for the entire study popula-
tion.
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dicted and actual probability of OS and PFS, respectively.
Fig. 3 can be used to compute the probability of 5-year OS
and Fig. 4 to calculate the probability of 2-year PFS. The sum
of each variable point was plotted on the total point axis, and
the estimated median 5-year OS and 2-year PFS rates were
respectively obtained by drawing a vertical line from the
plotted total point axis straight down to the outcome axis. 

To demonstrate nomograms applicability, we introduced
a representative clinical case. Inside parenthesis, it is 
reported for each factor its OS point/PFS point, respectively.
A 75-year-old woman (0 point/0 point) with clinical FIGO
IIB (20 points/5 points) squamous cell (0 point/0 point) G3
(37 points/32.5 points) cervical cancer was treated at our 
department. Her pretreatment BMI was 22.2 (63 points/48
points). She had a primary tumor size of 4.5 cm (57 points/
47.5 points). She underwent NACT plus RS, without lym-
phovascular space invasion invasion (0 point/0 point), para-
metria invasion (0 point/0 point), and lymph node invo-
lvement (0 point/0 point). The nomograms predict a 5-year
OS of 85% and a 2-year PFS of 98%. After a follow-up of 25
months, the patient is still alive, without any evidence of dis-
ease.

Discussion

The present study suggests that grading, tumor size at 
diagnosis, and parametrial involvement are independent
prognostic factors of OS in LACC. These variables with the
exception of tumor grade were predictive for PFS. Further-
more, we were able to develop a robust nomogram that can
provide individual estimations of treatment outcome in this

patient population.
NACT followed by radical hysterectomy is a valid alterna-

tive to concurrent CRT for patients with stage IB2-III cervical
cancer; furthermore, in both randomized control trials and
meta-analysis, it has been shown to be superior to radiother-
apy alone and to prevent radiotherapy-related side effects
[4,5].

With this regard, we have previously demonstrated [13] in
a relatively large population that several pathological (grad-
ing, histotype) and clinical features (FIGO stage, tumour size
> 5 cm, and parametrical involvement) strongly correlate
with survival in patients submitted to this approach. To our
knowledge, our nomograms represent the first attempt to 
develop a multifactorial prognostic model in LACC receiving
NACT plus RS. First of all, it should be noticed that survival
data of our series compares well with other previously pub-
lished in a similar setting of women affected by LACC who
received CRT instead of NACT plus RS. In fact, we obtained
a 5-year OS rates of 90.8%, 72.6%, and 52.5% for FIGO stage
IB2-IIA, IIB, and III, respectively, which is similar [14] other-
wise higher [15] than those recently reported, suggesting that
NACT followed by RS is a feasible and effective treatment
option in LACC and deserves to be further discussed and 
investigated.

Our analysis also demonstrates that the degree of tumor
extent is highly predictive of OS and PFS. This is in accor-
dance with our previous data [13]. As all patients received
NACT, it is easy to interpret these data as the logical conse-
quence of the correlations between the disease volume and
the tumor cell kinetics. The greater the volume, the larger the
hypoxic and resting phase cell population with reduced or
no chemosensitivity and the probability of developing resist-
ant clones. 

Accordingly with previous findings [15,16], we have also

Variable
Univariate analysis Multivariate analysis

Hazard ratio p-value Hazard ratio p-value
Age (< 50 yr vs.  50 yr) 0.72 (0.48-1.09) 0.13 0.60 (0.37-1.00) 0.05
Smoker (no vs. yes) 0.72 (0.40-1.27) 0.26 - -
BMI (< 25 kg/m2 vs.  25 kg/m2) 0.98 (0.63-1.50) 0.93 - -
Histology (squamous vs. other) 1.19 (0.67-2.10) 0.54 - -
Tumor size (< 4 cm vs.  4 cm) 0.41 (0.24-0.70) < 0.01 0.54 (0.30-0.97) 0.04
Grading (1-2 vs. 3) 0.33 (0.10-1.06) 0.07 0.70 (0.43-1.15) 0.16
FIGO stage (IB-II vs. III) 0.35 (0.23-0.52) < 0.01 0.65 (0.39-1.09) 0.10
LVSI (no vs. yes) 0.30 (0.20-0.47) < 0.01 0.63 (0.34-1.15) 0.13
Positive parametria (no vs. yes) 0.28 (0.18-0.42) < 0.01 0.44 (0.22-0.86) 0.02
Positive lymph nodes (no vs. yes) 0.34 (0.22-0.51) < 0.01 0.74 (0.36-1.54) 0.42

Table 4. Disease-free survival univariate and multivariate analysis

BMI, body mass index; FIGO, International Federation of Gynecology and Obstetrics; LVSI, lymphovascular space invasion.
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found that parametrial involvement is a prognostic factor of
both OS and PFS; besides, it appears to be predominating in
the multifactorial model. Differently from other nomogram
in LACC in which parametrial involvement was defined only
on the basis of radiological findings [14], it should be under-
lined that one of the peculiarity of our study is that we only
considered patients who had received RS and therefore our
characterization of parametrial involvement is exclusively
pathology-proven, suggesting a higher accuracy. 

Regarding lymph nodal involvement, several reports
found it to be an important prognostic factor [15,16]. In our
multivariate analysis we did not confirm this finding, albeit
the effect of lymph node involvement was substantial in our

multifatcorial model. As stated before, it should be high-
lighted that all of our patients underwent pelvic with or
without paraortic lymphadenectomy. This surgical approach
is in contrast with nomograms developed with other cohort
of patients, in which less than 37% patients underwent 
laparoscopic sampling of pelvic/paraaortic lymph nodes and
therefore, lymph nodal status was defined on the basis of a
non-homogeneous radiological evaluation [14]. 

Controversial data have been proposed regarding the 
impact of younger age on prognosis and some authors sug-
gested that younger age is a predictor of unfavourable prog-
nosis, particularly in more advanced stages [17]. This was
supported on the assumption that if the risk of progression

Fig. 3. Five-year overall survival nomogram. BMI_25 indicates body mass index  25 (1) or < 25 (0). Age_50 indicates age 
 50 (1) or < 50 (0) at diagnosis. Tsize_4 indicates clinical tumor size  4 (1) or < 4 (0). Squamous indicates squamous cell car-
cinoma (1) or other tumor histologies (2). LVSI indicates presence (1) or absence (0) of lymphovascular space invasion. Pos-
itive_lymph_nodes indicates pathological positive (1) or negative (0) locoregional lymph nodes. Positive_parametria indicates
pathological positive (1) or negative (0) parametria. To use, find patient’s BMI on BMI_25 axis, then draw straight line upward
to points axis to determine how many points patient receives for BMI. Do this again for other axes, each time drawing straight
line upward toward points axis. Sum points received for each variable, and find sum on total points axis. Draw straight line
down to survival-probability axis to find patient’s probability of 5-year OS. BMI, body mass index; FIGO, International Fed-
eration of Gynecology and Obstetrics; OS, overall survival.
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from mild dysplastic changes of the cervix to severe dyspla-
sia, let alone cancer, is only 1% per year, then the develop-
ment of cancer in young women, especially the very young,
must be more aggressive. In our cohort of patients, we found
a slightly significant trend of younger age to be associated
with disease-free survival (DFS). Therefore, we included age
into our model. Nonetheless, the role of age on survival still
needs to be more deeply clarified; differently, the correlation
between age and response to chemotherapy seems to be
stronger, suggesting that younger patients might achieve a
higher response to NACT; this will be refined in further 
research planned in this study population (analysis ongoing,
data not shown).

One limitation of our nomograms is that they are based
solely on disease outcomes and do not account for the risk
of treatment-related toxicity. Moreover, we are still in process
to validate these nomograms on other cohort of patients to
ensure their generalizability, thus at present they should be
considered hypothesis generating rather than confirmatory.

Developing a nomogram for prognosis or treatment pre-
diction has been considered helpful in individualized medi-
cine and successful applications have been utilized in many
malignancies [18-21]. This statistically based tool provides a
predicted probability of a specific outcome, using a com-
bined set of proven or potential prognostic factors. Another
possible application of the nomograms could be the oppor-

Fig. 4. Two-year progression-free survival  nomogram. BMI_25 indicates body mass index  25 (1) or < 25 (0). Age_50 indi-
cates age  50 (1) or < 50 (0) at diagnosis. Tsize_4 indicates clinical tumor size  4 (1) or < 4 (0). Squamous indicates squamous
cell carcinoma (1) or other tumor histologies (2). LVSI indicates presence (1) or absence (0) of lymphovascular space invasion.
Positive_lymph_nodes indicates pathological positive (1) or negative (0) locoregional lymph nodes. Positive_parametria 
indicates pathological positive (1) or negative (0) parametria. To use, find patient’s BMI on BMI_25 axis, then draw straight
line upward to points axis to determine how many points patient receives for BMI. Do this again for other axes, each time
drawing straight line upward toward points axis. Sum points received for each variable, and find sum on total points axis.
Draw straight line down to survival-probability axis to find patient’s probability of 2-year PFS. BMI, body mass index; FIGO,
International Federation of Gynecology and Obstetrics; PFS, progression-free survival.
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tunity to tailor follow-up schedules. Apart from early man-
agement of complications, documentation of outcomes and
maintaining the patient–physician relationship, the main aim
of clinical follow-up is improvement of survival. While it
seems obvious that intensive follow-up improves patient
outcome, there is debate about the intensity. The nomograms
could assist in creating an individual follow-up schedule.

Our nomograms can assist in the decision when to treat a
LACC patient treated with NACT plus RS, based on the 
individual risk for progression disease and death. 

In summary, we constructed a nomogram based on clini-
cal-pathological features in order to predict 2-year PFS and
5-year OS in locally advanced cervical cancer primarily
treated with NACT followed by RS. This tool might be par-

ticularly helpful for assisting in the follow up of cervical can-
cer patients who have not undergone concurrent chemora-
diotherapy. Our model indicates that parametrial involve-
ment seems to be a major prognostic factor of both OS and
DFS; besides, it appears to be predominating in the multifac-
torial model and thus should be systematically assessed by
pathologists to help with prognostication. 

To help guide decision-making, we have developed a clin-
ically useful tool to predict the probability of both OS and
PFS in LACC patients treated by NACT and RS.
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Neutropenia during the First Cycle of Induction Chemotherapy Is 
Prognostic for Poor Survival in Locoregionally Advanced 
Nasopharyngeal Carcinoma: A Real-World Study in an Endemic Area
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Purpose
The purpose of this study was to investigate the effect of neutropenia during the first cycle
of induction chemotherapy (IC-1) on survival in locoregionally advanced nasopharyngeal
carcinoma (LANPC).  

Materials and Methods
Eligible patients (n=545) with LANPC receiving IC+concurrent chemoradiotherapy were 
included. Based on nadir neutrophil after IC-1, all patients were categorized into three groups:
no/grade 1-2/grade 3-4 neutropenia. Five-year overall survival (OS) and disease-free survival
(DFS) were compared between groups and subgroups stratified by IC regimen. We also 
explored the occurrence of IC-1–induced myelosuppression events and the minimal value
of post-treatment neutrophil-to-lymphocyte ratio (post-NLRmin). Univariate/multivariate analy-
ses were performed to investigate the effect of IC-1–induced neutropenia, timing of neu-
tropenia, number of myelosuppression events, and high post-NLRmin on OS/DFS.

Results
Grade 1-2/grade 3-4 neutropenia were associated with poorer OS/DFS than no neutropenia
(all p < 0.05); OS/DFS were not significantly different between patients experiencing grade
1-2 vs. 3-4 neutropenia. Neutropenia had no significant effect on OS/DFS in patients 
receiving docetaxel–cisplatin–5-fluorouracil (TPF). Grade 1-2 (grade 3-4) neutropenia neg-
atively influenced OS/DFS in patients receiving cisplatin–5-fluorouracil (PF) (PF and doc-
etaxel–cisplatin [TP]; all p < 0.05). Neutropenia, two/three myelosuppression events, and
high post-NLRmin ( 1.33) was most frequent on days 5-10, second and third week of IC-1,
respectively. After adjustment for covariates, IC-1–induced neutropenia, two/three myelo-
suppression events, and post-NLRmin 1.33 were validated as negative predictors of OS/DFS
(all p < 0.05); timing of neutropenia had no significant effect.

Conclusion
Occurrence of neutropenia, number of myelosuppression events, and high post-NLRmin dur-
ing PF/TP IC-1 have prognostic value for poor survival in LANPC. 

Key words
Induction chemotherapy, Nasopharyngeal carcinoma, 
Neutropenia, Lymphocyte, Prognosis, Survival
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Introduction

Over 70% of new cases of nasopharyngeal cancer (NPC)
are locoregionally advanced NPC (LANPC; stage III-IV,
without distant metastasis) [1]. Concurrent chemoradiother-
apy (CCRT)±adjuvant chemotherapy is the mainstay treat-
ment. Compared to additional adjuvant chemotherapy,
induction chemotherapy (IC) results in early eradication of
micrometastases and fewer toxicities; therefore, IC+CCRT is
a promising strategy [2].

Myelosuppression (e.g., neutropenia, anemia, thrombocy-
topenia) is a major chemotherapy side-effect that increases
morbidity/mortality and health-care costs [3]. In clinical
practice, 30% of patients experience severe/febrile neutrope-
nia during chemotherapy, two-thirds during the first cycle
[4]. The timing of chemotherapy-induced neutropenia (CIN)
may affect prognosis [5,6]. Therefore, it is essential to explore
the occurrence of CIN and its value in predicting prognosis.
However, studies investigating the prognostic value of CIN
over multiple cycles on survival in lung/esophageal/col-
orectal/gynecological cancer have generated positive [7,8],
mixed [9], non-significant [10,11] and negative results [12,13].
Moreover, CIN after the first cycle has been suggested to 
indicate chemotherapy resistance, future complications, and
poor prognosis [14,15].

CIN may reflect sufficient chemotherapeutic dose, 
enhanced effectiveness and active tumor response [9,10,12].
Alternatively, CIN may reduce host immune function, atten-
uate resistance to malignant transformation and promote
cancer development and progression [12,13,16]. Neutrophil-
to-lymphocyte ratio (NLR) is a novel joint biomarker, which
can comprehensively reflect the level of patients’ inflamma-
tion and immune function; higher pretreatment NLR has
been reported to have association with poorer survival in
cancer patients [17,18]. However, it still remains unclear
whether CIN and post-treatment NLR (post-NLR) can influ-
ence survival; no publication has explored this issue in NPC.
Moreover, neutropenia during the first cycle of induction
chemotherapy (IC-1) merits special attention, as it could 
indicate high-risk patients who require timely targeted inter-
ventions and intensive treatment evaluations.

The primary aim of this study was to investigate the asso-
ciations between the occurrence and grade of neutropenia
during IC-1 and survival in patients with LANPC undergo-
ing IC+CCRT. The secondary aims were to assess the occur-
rence of myelosuppression events and post-NLR after IC-1
and explore whether the timing of neutropenia, number of
myelosuppression events, and high post-NLR could influ-
ence survival.

Materials and Methods

1. Patient

Consecutive patients (n=2,191) with newly-diagnosed,
non-metastatic, pathologically proven NPC who received
radical treatment based on intensity-modulated radiotherapy
(IMRT) at Sun Yat-sen University Cancer Center (SYSUCC)
between November 2009 and May 2012 in a prospectively
maintained database (cutoff time, December 31, 2016) were
assessed. As this was a real-world study, we included 
patients with comorbidities, alcohol consumption, and 
advanced age [19], via loose eligibility criteria: (1) patients
diagnosed with LANPC; (2) patients who underwent
IC+CCRT; (3) age of diagnosis  18 years-old; (4) no prophy-
lactic use of granulocyte colony-stimulating factor (G-CSF)
during IC-1; (5) detailed information on IC-1–induced myelo-
suppression and other covariates can be collected from the
database; 545 patients (24.9%) were included (S1 Fig.). This
study was approved by the Institutional Review Board and
Ethics Committee of SYSUCC; the need for informed consent
was waived. The authenticity of this article has been vali-
dated by uploading the key raw data onto the Research Data
Deposit public platform (http://www.researchdata.org.cn),
with the approval RDD number as RDDA2017000145.

2. Examination, treatment and follow-up

The following examinations were routinely implemented
within the 2-to-4 weeks prior to IC-1: complete medical his-
tory, physical examination, blood and biochemistry tests, 
nasoendoscopy, neck and nasopharyngeal magnetic reso-
nance imaging, chest radiography, abdominal ultrasonogra-
phy and whole-body bone scan; 18F-fluorodeoxyglucose
positron emission tomography/computed tomography was
performed for 187/545 patients (34.3%) at initial evaluation.
Moreover, the tumor-related biomarkers, i.e., plasma 
Epstein-Barr virus (EBV) DNA titer, IgA antibodies against
viral capsid antigen (VCA-IgA) and early antigen (EA-IgA),
were quantified before treatment.

IC was PF (80 mg/m2 cisplatin, 4,000 mg/m2 5-fluo-
rouracil), TP (75 mg/m2 docetaxel, 75 mg/m2 cisplatin), or
TPF (60 mg/m2 docetaxel, 60 mg/m2 cisplatin, 3,000 mg/m2

5-fluorouracil) every 3 weeks for 2-4 cycles. The timing of ini-
tiation of CCRT is on day 21 after completion of IC. Concur-
rent chemotherapy was cisplatin (30-40 mg/m2) weekly, or
cisplatin (80-100 mg/m2) every 3 weeks concurrently with
IMRT. Full details are provided in the Supplementary Meth-
ods.
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No. (%)a)
First-cycle induction chemotherapy-induced neutropenia

Characteristic
(n=545)

Absenta) Grade 1-2a) Grade 3-4a) p-value
(n=253) (n=182) (n=110)

Age at diagnosis (yr)
18-36 121 (22.2) 60 (23.7) 43 (23.6) 18 (16.4) 0.321
37-44 138 (25.3) 59 (23.3) 53 (29.1) 26 (23.6)
45-51 135 (24.8) 63 (24.9) 44 (24.2) 28 (25.5)
 52 151 (27.7) 71 (28.1) 42 (23.1) 38 (34.5)

Sex
Male 418 (76.7) 204 (80.6) 132 (72.5) 82 (74.5) 0.120
Female 127 (23.3) 49 (19.4) 50 (27.5) 28 (25.5)

Family history of cancer
No 412 (75.6) 194 (76.7) 138 (75.8) 80 (72.7) 0.720
Yes 133 (24.4) 59 (23.3) 44 (24.2) 30 (27.3)

Comorbidity
No 382 (70.1) 167 (66.0) 137 (75.3) 78 (70.9) 0.112
Yes 163 (29.9) 86 (34.0) 45 (24.7) 32 (29.1)

Cigarette smoking
No 328 (60.2) 150 (59.3) 112 (61.5) 66 (60.0) 0.893
Yes 217 (39.8) 103 (40.7) 70 (38.5) 44 (40.0)

WHO histologic type
Type I-II 26 (4.8) 11 (4.3) 8 (4.4) 7 (6.4) 0.680
Type III 519 (95.2) 242 (95.7) 174 (95.6) 103 (93.6)

Viral capsid antigen IgAb)

< 1:80 161 (29.5) 72 (28.5) 54 (29.7) 35 (31.8) 0.885
1:80-1:320 266 (48.8) 126 (49.8) 91 (50.0) 49 (44.5)
 1:640 118 (21.7) 55 (21.7) 37 (20.3) 26 (23.6)

Early antigen IgAb)

< 1:10 205 (37.6) 95 (37.5) 70 (38.5) 40 (36.4) 0.977
1:10-1:20 143 (26.2) 69 (27.3) 46 (25.3) 28 (25.5)
 1:40 197 (36.1) 89 (35.2) 66 (36.3) 42 (38.2)

Epstein-Barr virus DNA titer (copy/mL)b)

< 10,000 302 (55.4) 142 (56.1) 102 (56.0) 58 (52.7) 0.981
10,000-99,999 183 (33.6) 84 (33.2) 60 (33.0) 39 (35.5)
 100,000 60 (11.0) 27 (10.7) 20 (11.0) 13 (11.8)

Neutrophil-to-lymphocyte ratiob)

< 2.35 272 (49.9) 128 (50.6) 86 (47.3) 58 (52.7) 0.634
 2.35 273 (50.1) 125 (49.4) 96 (52.7) 52 (47.3)

Clinical stage (8th edition)c)

III 249 (45.7) 114 (45.1) 81 (44.5) 54 (49.1) 0.720
IVA 296 (54.3) 139 (54.9) 101 (55.5) 56 (50.9)

T category (8th edition)c)

T1 20 (3.7) 3 (1.2) 9 (4.9) 8 (7.3) 0.113
T2 50 (9.2) 25 (9.9) 17 (9.3) 8 (7.3)
T3 292 (53.6) 137 (54.2) 94 (51.6) 61 (55.5)
T4 183 (33.6) 88 (34.8) 62 (34.1) 33 (30.0)

N category (8th edition)c)

N0 35 (6.4) 18 (7.1) 10 (5.5) 7 (6.4) 0.928
N1 270 (49.5) 120 (47.4) 91 (50.0) 59 (53.6)
N2 101 (18.5) 50 (19.8) 32 (17.6) 19 (17.3)
N3 139 (25.5) 65 (25.7) 49 (26.9) 25 (22.7)

Table 1. Baseline characteristics of patients

VOLUME 50 NUMBER 3 JULY 2018  779

(Continued to the next page)



3. Assessment of neutropenia during IC-1

All patients underwent weekly blood and biochemistry
tests for safety surveillance during the 21-day IC-1 cycle. 
G-CSF was provided whenever possible for patients suffer-
ing grade 3-4/febrile neutropenia; additional blood tests
were used to monitor recovery status. Each patient had at
least three tests during IC-1.

Myelosuppression events was classified using National
Cancer Institute Common Terminology Criteria for Adverse
Events (ver. 4.0) based on nadir absolute neutrophil count
(ANC), hemoglobin concentration (Hb), and platelet count
(PLT). Neutropenia was categorized as no neutropenia
(shown as ‘absent’ in figures/tables; ANC  2.0109/L),
grade 1-2 (1.0109/L  ANC < 2.0109/L) or grade 3-4 (ANC
< 1.0109/L); anemia, nadir Hb < 115.0 g/L; and thrombo-
cytopenia, nadir PLT < 100.0109/L. Timing of neutropenia
was classified as: first (days 1-7), second (days 8-14), and
third (days 15-21) week of IC-1. Number of myelosuppres-
sion events was classified as: group 1 (none), group 2 (one),
and group 3 (two/three). As G-CSF can substantially 
increase ANC and make the maximal and average value of
post-NLR deviate from the real level of natural course, we
used the minimal value of post-NLR (post-NLRmin) to per-
form analysis. Post-NLRmin more than or equal to median
was defined as high level.

End-points were overall survival (OS) and disease-free sur-
vival (DFS). OS was defined as the duration from the date of
treatment to death from any cause or last date known alive.
DFS was defined as the duration from the date of treatment
to failure (i.e., locoregional relapse and distant metastasis),
death or last follow-up, whichever happened first.

4. Statistical analysis

Follow-up was reported as median value and range; cate-

gorical variables, as frequencies and percentages. Descriptive
statistics provided as continuous variables were converted
into categorical variables according to interquartile range
(IQR; age at diagnosis), median value (pretreatment NLR
and post-NLRmin), and cutoff value (EBV DNA, VCA-IgA,
and EA-IgA), as reported previously [17]. Baseline character-
istics were compared using the chi-square test; actuarial 
5-year OS/DFS, estimated using the Kaplan-Meier method
and compared using the log-rank test [20]. Neutropenia, ane-
mia, thrombocytopenia, and post-NLRmin were considered
time-to-event data; cumulative incidences were calculated
with the Kaplan-Meier method and compared with the log-
rank test [20], and presented using Microsoft Excel (Microsoft
Inc., Redmond, WA).

Significant covariates in univariate analysis were entered
into multivariate Cox regression analyses using the back-
ward stepwise algorithm (see Supplementary Methods). 
Adjusted hazard ratios (AHRs) and 95% confidence intervals
were calculated for multivariate analysis, and presented as
forest plots using Microsoft Excel via Neyeloff’s method [21].
Statistical analyses and figures were generated using SPSS
ver. 22.0 (IBM Corp., Armonk, NY), unless otherwise speci-
fied. Two-sided p-values of < 0.05 were considered signifi-
cant.

Results

1. Baseline characteristics

Median age of the 545 eligible patients was 45 years (IQR,
37 to 52) (Table 1); male-to-female ratio was approximately
3:1; 163/545 patients (29.9%) had at least one comorbidity;
and 519/545 (95.2%) had non-keratinizing undifferentiated

Cancer Res Treat. 2018;50(3):777-790

No. (%)a)
First-cycle induction chemotherapy-induced neutropenia

Characteristic
(n=545)

Absenta) Grade 1-2a) Grade 3-4a) p-value
(n=253) (n=182) (n=110)

Chemotherapy regimen
PF 121 (22.2) 78 (30.8) 31 (17.0) 12 (10.9) < 0.001
TPF 230 (42.2) 84 (33.2) 88 (48.4) 58 (52.7)
TP 194 (35.6) 91 (36.0) 63 (34.6) 40 (36.4)

Table 1. Continued

Values are presented as number (%). WHO, World Health Organization; PF, cisplatin–5-fluorouracil; TPF, docetaxel–cisplatin–
5-fluorouracil; TP, docetaxel–cisplatin. a)Percentages may not add up to 100 because of rounding, b)All variables were measured
before treatment, c)8th edition of the Union for International Cancer Control/American Joint Committee on Cancer staging
system. 
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NPC (i.e., World Health Organization [WHO] histologic type
III), typical of the endemic area. Most patients received TPF
(42.2%) or TP regimen (35.6%); 22.2% received PF. All base-

line characteristics were well-balanced between patients with
no neutropenia, grade 1-2 and grade 3-4 neutropenia, except
for chemotherapy regimen (p < 0.001). After median follow-
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Fig. 1.  Kaplan-Meier survival curves for overall survival (A-D) and disease-free survival (E-H) stratified by grade of neu-
tropenia. The columns represent subgroups receiving PF (B, F), TPF (C, G), and TP (D, H), respectively. PF, cisplatin–5-flu-
orouracil; TPF, docetaxel–cisplatin–5-fluorouracil; TP, docetaxel–cisplatin. (Continued to the next page)

VOLUME 50 NUMBER 3 JULY 2018  781



up of 63 months (range, 1 to 85 months), 97/545 patients
(17.8%) had died; 60/545 (11.0%) and 90/545 (16.5%) devel-
oped locoregional relapse and distant metastases, respec-
tively.

2. Association between grade of neutropenia and survival

Patients without neutropenia had better OS/DFS than 
patients with grade 1-2 (p=0.010 and p=0.011) and grade 3-4
(p=0.001 and p=0.021) neutropenia (Fig. 1). OS/DFS were not
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Overall survival Disease-free survival
Variable Univariate Multivariate Univariate Multivariate

HR (95% CI) p-value AHR (95% CI) p-value HR (95% CI) p-value AHR (95% CI) p-value
Age at diagnosis (yr)

18-36 Reference - Reference -
37-44 1.02 (0.56-1.85) 0.952 - - 1.19 (0.72-1.96) 0.500 - -
45-51 1.07 (0.59-1.94) 0.837 - - 1.21 (0.73-1.99) 0.459 - -
 52 1.37 (0.78-2.40) 0.272 - - 1.26 (0.78-2.06) 0.345 - -

Sex
Female vs. male (ref.) 0.94 (0.59-1.52) 0.808 - - 1.06 (0.72-1.56) 0.774 - -

Family history of cancer
Yes vs. no (ref.) 1.01 (0.64-1.60) 0.961 - - 0.95 (0.64-1.40) 0.781 - -

Comorbidity
Yes vs. no (ref.) 0.84 (0.53-1.32) 0.454 - - 0.76 (0.52-1.11) 0.155 - -

Cigarette smoking
Yes vs. no (ref.) 1.19 (0.80-1.78) 0.396 - - 1.06 (0.76-1.49) 0.721 - -

WHO histologic type
III vs. I-II (ref.) 0.42 (0.21-0.84) 0.014 0.47 (0.23-0.95) 0.034 0.48 (0.27-0.86) 0.015 0.50 (0.28-0.92) 0.025

Viral capsid antigen IgAa)

< 1:80 Reference - Reference -
1:80-1:320 0.88 (0.56-1.40) 0.600 - - 0.88 (0.59-1.29) 0.499 - -
 1:640 0.83 (0.47-1.47) 0.524 - - 0.97 (0.61-1.54) 0.910 - -

Early antigen IgAa)

< 1:10 Reference - Reference -
1:10-1:20 0.96 (0.58-1.58) 0.864 - - 0.79 (0.51-1.21) 0.279 - -
 1:40 0.89 (0.56-1.43) 0.638 - - 0.88 (0.60-1.29) 0.520 - -

Epstein-Barr virus 
DNA titer (copy/mL)a)

< 10,000 Reference Reference Reference Reference
10,000-99,999 1.34 (0.86-2.08) 0.196 1.14 (0.73-1.78) 0.561 1.48 (1.03-2.12) 0.036 1.34 (0.93-1.93) 0.123
 100,000 2.04 (1.17-3.56) 0.012 1.90 (1.08-3.35) 0.026 2.08 (1.29-3.35) 0.003 2.00 (1.23-3.24) 0.005

Neutrophil-to-lymphocyte 
ratioa)

 2.35 vs. < 2.35 (ref.) 1.20 (0.80-1.79) 0.380 - - 1.42 (1.01-1.98) 0.041 1.40 (1.00-1.96) 0.050
Clinical stage (8th edition)b)

IVA vs. III (ref.) 3.12 (1.95-4.99) < 0.001 2.95 (1.83-4.74) < 0.001 2.23 (1.55-3.21) < 0.001 2.04 (1.41-2.95) < 0.001
Chemotherapy regimen

PF Reference - Reference -
TPF 0.82 (0.50-1.35) 0.436 - - 0.85 (0.56-1.28) 0.427 - -
TP 0.76 (0.45-1.28) 0.302 - - 0.73 (0.47-1.14) 0.166 - -

IC-1–induced neutropenia
Absent Reference Reference Reference Reference
Grade 1-2 1.84 (1.15-2.96) 0.012 1.86 (1.15-2.98) 0.011 1.63 (1.11-2.39) 0.012 1.63 (1.11-2.39) 0.012
Grade 3-4 2.25 (1.35-3.76) 0.002 2.29 (1.38-3.83) 0.001 1.66 (1.07-2.55) 0.023 1.72 (1.11-2.66) 0.015
Grade 3-4 vs. 1-2 (ref.) 1.22 (0.75-1.99) 0.420 1.23 (0.76-2.00) 0.395 1.02 (0.66-1.56) 0.945 1.05 (0.68-1.61) 0.810

Table 2. Univariate and multivariate analysis of the effect of grade of neutropenia on survival

HR, hazard ratio; CI, confidence interval; AHR, adjusted hazard ratio; ref., reference; WHO, World Health Organization;
PF, cisplatin–5-fluorouracil; TPF, docetaxel–cisplatin–5-fluorouracil; TP, docetaxel–cisplatin; IC-1, the first-cycle of induction
chemotherapy. a)All variables were measured before treatment, b)8th edition of the Union for International Cancer
Control/American Joint Committee on Cancer staging system.

VOLUME 50 NUMBER 3 JULY 2018  783



Cancer Res Treat. 2018;50(3):777-790

A

Cu
m

ul
at

ive
 in

ci
de

nc
e 

ra
te

  (
%

)

100

0

40

30

20

10

50

60

90

80

70

0
Time after the first day of IC-1 (day) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Neutropenia
Anemia
Thrombocytopenia
Neutropenia (TPF subgroup)
Neutropenia (TP subgroup)
Neutropenia (PF subgroup)
Post-NLRmin ! 1.33

p=0.049

p=0.001

p < 0.001

Incidence of neutropenia
sharply increased on days 5-10

from 4.59% to 37.43%

B

No
. o

f p
at

ie
nt

s

180

0

60

40

20

80

100

160

140

120

Time after the first day of IC-1 (wk) 
1st week 2nd week 3rd week

Neutropenia (grade 1-2)
Neutropenia (grade 3-4)
Anemia
Thrombocytopenia
Two/three myelosuppression events
Post-NLRmin ! 1.33

41

38
15

64

29

176

64%
51%

83%

17%

49%
36%

Fig. 2.  Cumulative incidence rate (A) and frequency distribution (B) of myelosuppression events and minimal value of the
post-treatment neutrophil-to-lymphocyte ratio (post-NLRmin). (A) Kaplan-Meier estimates of the time-to-occurrence over the
21-day cycle of the first cycle of induction chemotherapy (IC-1). (B) Histogram and line chart of number of patients suffering
myelosuppression events and high post-NLRmin in first/second/third weeks of IC-1. TPF, docetaxel–cisplatin–5-fluorouracil;
TP, docetaxel–cisplatin; PF, cisplatin–5-fluorouracil.
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significantly different between grade 1-2 and grade 3-4 neu-
tropenia (p=0.420 and p=0.952). Similar results were 
observed in the subgroup receiving PF. Patients receiving
TPF had equivalent OS/DFS, regardless of no/grade 1-2/
grade 3-4 neutropenia (all p > 0.05). For patients receiving
TP, no neutropenia was associated with better OS/DFS vs.
grade 3-4 neutropenia (p=0.026 and p=0.037) but not vs.
grade 1-2 neutropenia.

In univariate analysis, WHO histologic type I-II, EBV DNA
titer  100,000 copies/mL, clinical stage IVA, and grade 
1-2/grade 3-4 neutropenia were associated with poor
OS/DFS; NLR  2.35 was also associated with poor DFS (all
p < 0.05) (Table 2). All aforementioned variables retained in-
dependent significance after adjustment in multivariate
analysis (all p < 0.05) (Table 2). Notably, OS/DFS were not
significantly different between patients with grade 1-2 vs. 
3-4 neutropenia (p=0.395 and p=0.810).

3. Occurrence of myelosuppression and post-NLRmin dur-
ing IC-1

The cumulative incidence of neutropenia, anemia, throm-

bocytopenia, and high post-NLRmin ( 1.33) was 53.58%,
48.81%, 6.61%, and 51.01% on the 21st day of IC-1. The inci-
dence of neutropenia sharply increased on days 5-10, then
continued to gradually increase; the incidence of anemia and
high post-NLRmin gradually increased; and the incidence of
thrombocytopenia remained low but gradually increased
over the 21-day cycle of IC-1 (Fig. 2A). TPF regimen was
more likely to lead to neutropenia compare with TP (p=0.049)
and PF (p=0.001). The trend of cumulative incidence of
myelosuppression events and high post-NLRmin were in 
accordance with the frequency distributions in Fig. 2B. 
Simultaneous multiple myelosuppression events were more
likely to occur in the second week of IC-1, while high post-
NLRmin tended to occur in the third week of IC-1.

4. Effect of IC-1–induced neutropenia, timing of neutrope-
nia, number of myelosuppression events, and high post-
NLRmin on survival

As patients with grade 1-2 and 3-4 neutropenia had com-
parable survival outcomes, these groups were combined to
a single neutropenia group. Univariate analysis (Table 3) 

Cheng Xu, IC-Induced Neutropenia and Survival in LANPC

Overall survival  Disease-free survival
Variable No. (%) 3-Year 5-Year HR p-value 3-Year 5-Year HR p-value(%) (%) (95% CI) (%) (%) (95% CI)
IC-1–induced neutropenia

Absent 253 (46.4) 95.6 88.0 Reference 84.4 79.7 Reference
Occurred 292 (53.6) 87.2 78.2 2.00 (1.30-3.06) 0.001 75.5 69.8 1.64 (1.16-2.31) 0.005

Timing of neutropeniaa)

Absent 253 (46.4) 95.6 88.0 Reference 84.4 79.7 Reference
1st week 120 (22.0) 88.2 77.9 2.10 (1.27-3.49) 0.004 75.6 68.9 1.68 (1.11-2.56) 0.015
2nd week 118 (21.7) 88.8 79.9 1.80 (1.06-3.07) 0.030 76.9 75.1 1.35 (0.86-2.13) 0.187
3rd week 54 (9.9) 81.2 75.5 2.20 (1.15-4.20) 0.017 71.9 60.5 2.20 (1.32-3.66) 0.002
2nd vs. 1st week (ref.) - - - 0.85 (0.50-1.67) 0.566 - - 0.81 (0.50-1.30) 0.375
3rd vs. 1st week (ref.) - - - 1.05 (0.54-2.01) 0.894 - - 1.30 (0.77-2.23) 0.323
3rd vs. 2nd week (ref.) - - - 1.22 (0.62-2.40) 0.564 - - 1.61 (0.93-2.86) 0.088

Myelosuppression eventsb)

Group 1 (none) 150 (27.5) 95.2 86.6 Reference 83.1 78.1 Reference
Group 2 (one) 215 (39.4) 92.5 83.6 1.29 (0.75-2.23) 0.362 81.2 76.1 1.08 (0.96-1.67) 0.747
Group 3 (two/three) 180 (33.0) 86.0 78.6 1.81 (1.06-3.09) 0.029 74.9 69.2 1.53 (1.00-2.35) 0.050

Post-NLRmin

< 1.33 267 (49.0) 93.9 86.3 Reference 82.6 79.0 Reference
 1.33 278 (51.0) 88.4 79.4 1.42 (0.95-2.13) 0.087 76.8 69.9 1.51 (1.08-2.12) 0.016

Table 3. Univariate analysis of IC-1–induced neutropenia, timing of neutropenia, number of myelosuppression events, and
post-NLRmin

IC-1, the first cycle of induction chemotherapy; post-NLRmin, minimal value of the post-treatment neutrophil-to-lymphocyte
ratio; HR, hazard ratio; CI, confidence interval; ref., reference. a)First day of IC-1 until most severe neutropenia, b)Three myelo-
suppression events, i.e., neutropenia, anemia, and thrombocytopenia, were analyzed in this study. 
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Fig. 3.  Kaplan-Meier survival curves for overall survival (A, C, E) and disease-free survival (B, D, F) after adjustment for 
covariates. Patients were stratified by timing of neutropenia (absent and first/second/third week of the first cycle of induction
chemotherapy) (A, B), number of myelosuppression events (group 1, none; group 2, one; group 3, two/three) (C, D), and
minimal value of the post-treatment neutrophil-to-lymphocyte ratio (post-NLRmin, < 1.33 and  1.33) (E, F). p-values for
overall survival (disease-free survival) were calculated using multivariate Cox regression analyses adjusted for World Health
Organization histologic type, Epstein-Barr virus DNA titer and clinical stage (all of these covariates plus neutrophil-to-lym-
phocyte ratio). (Continued to the next page)
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revealed neutropenia had a negative effect on OS/DFS vs.
no neutropenia (p=0.001 and p=0.005). Patients with neu-
tropenia had almost 10% lower 3/5-year OS/DFS than 
patients without neutropenia. Significantly poorer OS/DFS
were observed for patients with neutropenia during the first,
second, and third weeks of IC-1 vs. no neutropenia (all 
p < 0.05), with the exception of “second week” vs. “absent”
for DFS; “second week” was associated with higher 3/5-year
OS/DFS than “first week”/“third week,” though the differ-
ences were non-significant (all p > 0.05). Group 3 had signif-
icantly poorer OS/DFS than group 1 (p=0.029 and p=0.050);
no significant differences in OS/DFS existed between group
1 and group 2 (p=0.362 and p=0.747). Patients with post-
NLRmin  1.33 had poorer DFS (p=0.016) and equivalent OS
(p=0.087) compared to patients with post-NLRmin < 1.33.

In multivariate analysis, AHRs for OS (DFS) were adjusted
for WHO histologic type, EBV DNA titer and clinical stage
(all of these covariates plus NLR) (Fig. 3A-F). The three-
weeks classification failed to separate OS/DFS (all p > 0.05).
Two/three myelosuppression events was validated as neg-
ative prognostic factor for OS/DFS (p=0.018 and p=0.033);
high post-NLRmin ( 1.33) was only significant in predicting
poor DFS (p=0.029). We included timing of neutropenia 
(absent/first/second/third week), IC-1–induced anemia and
thrombocytopenia (absent/occurred), and post-NLRmin

( 1.33/< 1.33) as covariates in additional multivariate analy-
sis. Neutropenia had a negative effect on OS (AHR, 2.44; 
p < 0.001) and DFS (AHR, 2.05; p < 0.001) (Fig. 4). Similar 
effects were observed in patients receiving PF (OS, p=0.046;
DFS, p=0.001) or TP (DFS, p=0.004), but not TPF (OS,
p=0.906; DFS, p=0.671) (Fig. 4).

Discussion

This first attempt to explore the prognostic value of the 
occurrence and severity of IC-1–induced neutropenia in
LANPC validated two/three myelosuppression events and
high post-NLRmin have significant negative effects on OS
and/or DFS; the timing of neutropenia had no significant 
effect. This information could improve prognostication and
selection of high-risk patients, and indicate some possible
clinical implications. Routine blood test (RBT) is widely used
in primary, secondary, and even tertiary hospitals; the diag-
nostic criteria for each item of RBT are basically identical
among different hospitals. Moreover, RBT is suitable for 
almost all patients, because of its low price, simplicity, and
safety. Thus, dynamic monitoring of ANC, lymphocyte, Hb,
and PLT over the whole course of treatment is convenient
and has clinical applicability. Patients who experience neu-

tropenia or improved post-NLRmin during IC-1 can be scree-
ned out as early as possible. After comprehensive evaluation,
those high-risk patients can receive timely supportive treat-
ment, targeted interventions (e.g., prophylactic G-CSF in 
future cycles), and modification of treatment (e.g., reducing
chemotherapy dose), with the aim of improving patients’
survival benefits.

Several pretreatment inflammatory-immune biomarkers
can predict prognosis, such as NLR, platelet-to-lymphocyte
ratio, and lymphocyte-to-monocyte ratio [22-24]. Of which,
pretreatment NLR can predict survival outcomes and has
been used to generate predictive nomograms in NPC [17,25].
Elevated pretreatment NLR indicates a disordered immune
response, which is associated cancer development and pro-
gression [18]. However, the relationship between post-treat-
ment inflammatory-immune biomarkers (e.g., CIN and
post-NLR) and survival remains crude. Although previous
studies explored the prognostic value of CIN in other can-
cers, few focused on IC-1–induced neutropenia [7-13]. More-
over, the design of these studies limits their reliability and
applicability; for example, strict inclusion/exclusion criteria
(e.g., age  70 years [8]), landmark/subset analysis (i.e., only
subgroups analyzed [7,9,10]) and missing pretreatment NLR
data. These factors may also explain the positive [7,8], mixed
[9], non-significant [10,11], and negative results [12,13] of the
aforementioned studies. Therefore, this real-world study 
including data on comprehensive pretreatment biomarkers
(e.g., NLR, EBV DNA titer, VCA-IgA, and EA-IgA) provides
a robust assessment of the associations between IC-1–
induced neutropenia and survival in LANPC.

IC-1–induced neutropenia, but not the timing of neutrope-
nia, had prognostic value for poor survival in patients with
LANPC receiving TP/PF. In contrast, previous studies sug-
gested CIN after multiple chemotherapy cycles [7,8] and
early-onset [5,6] were associated with a better prognosis.
There are three possible explanations for these discrepancies.
First, CIN after multiple cycles was regarded as an indicator
of high drug activity and excellent treatment efficiency [7].
Patients with CIN were considered to have revived more 
intensive treatment and therefore achieve better survival out-
comes. However, a higher dose of chemotherapy does not 
always improve prognosis. Peng et al. [26] reported a high
cumulative cisplatin dose ( 240 mg/m2) did not improve
OS/DFS (vs. low cumulative dose) in LANPC. Moreover, it
is inappropriate to evaluate the cumulative dose and inten-
sity after only the first cycle of IC. Hence, IC-1–induced neu-
tropenia has limited ability to indicate treatment efficacy.
Second, chemotherapy-related hematological toxicities, such
as myelosuppression events and lymphopenia, can indicate
deterioration of host immune function. Past evidences have
reported that immunosuppressive agents increase cancer risk
in patients receiving renal transplants, while additional 
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immunestimulants improve survival in advanced Ewing sar-
coma [16,27]. Although neutropenia can easily lead to low
post-NLRmin, we cannot simply assume that the negative 
effect of neutropenia is contradictory to the positive effect of
low post-NLRmin, since post-NLRmin is a joint biomarker and
determined by neutrophil and lymphocyte counts. In our
study, only 72.7% of patients with low post-NLRmin experi-
enced IC-1–induced neutropenia; the remaining patients had
normal ANC and elevated lymphocyte counts. Among 
patients with NPC treated by CCRT alone, treatment-related
lymphopenia was associated with poorer survival and
higher risk of death, disease progression, and distant metas-
tasis [28]. Thus, patients with IC-1–induced neutropenia
and/or high post-NLRmin are predisposed to vulnerable host
immune function, indicating poorer survival. Third, we only
analyzed myelosuppression events during the 21-day cycle
of IC-1; the aforementioned studies with positive results 
undertook longer observations over more than two cycles.

Interestingly, IC-1–induced neutropenia was not associ-
ated with survival among patients receiving TPF. The TPF
regimen, a potent IC based on three chemotherapeutic
agents, has demonstrated promising results in LANPC [2].
TPF takes longer to administer than TP, since 5-fluorouracil
is given via continuous intravenous infusion on days 1-5,
while docetaxel and cisplatin are administered on day 1.
Moreover, our study showed that TPF IC-1 can lead to sig-
nificantly higher incidence of neutropenia than PF/TP regi-
men (Fig. 2A). Therefore, in clinical practice, patients receiving
TPF usually receive from more meticulous nursing care,
longer observation, and additional supportive treatments.
Such intensive management may help to prevent further 
deterioration and promote recovery. Meanwhile, the rela-
tionship between TPF IC-1–induced neutropenia and sur-
vival was influenced, to some extent, by those medical
interventions.

This study has several limitations. First, although we 
included pretreatment NLR and post-NLRmin, the optimal

cutoff has not been identified. For pretreatment NLR, differ-
ent research centers use varied levels, including 2.70 [29], 3.00
[24], and 3.73 [30]. Moreover, not all cutoff values were
proven significant [24]. Although we used and validated the
median of pretreatment NLR and post-NLRmin as the cutoff
for DFS, these values failed to significantly discriminate dif-
ferent OS. Similarly, standardized procedures and assay har-
monization for pretreatment EBV DNA are not yet esta-
blished. Thus, cutoff selection may result in bias and error.
Second, the sample sizes for certain subgroups were rela-
tively small, especially patients receiving PF (neutropenia,
n=43; absent, n=78) and with neutropenia in the third week
(n=54). Future large-scale prospective studies are required to
further address this issue. Last but not least, although RBTs
were required once a week, the precise timings varied from
person to person, which may modify the distribution of
myelosuppression.
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Purpose
Although chemotherapy is recommended by various guidelines for advanced biliary tract
cancer (BTC), the evidence supporting its use over best supportive care (BSC) is limited.
The aim of this study was to investigate the survival benefit of chemotherapy over that of
BSC in advanced BTC patients.

Materials and Methods
Advanced BTC patients with a good performance status (Eastern Cooperative Oncology Group
[ECOG] 0-2) were eligible for the study. Data were retrospectively collected from four tertiary
cancer centers and analyzed using propensity score matching (PSM). Of the 604 patients
enrolled, 206 received BSC and 398 received chemotherapy. PSM analysis was performed
using the following variables: age, ECOG status, carcinoembryonic antigen (CEA) level, white
blood cell level, albumin level, total bilirubin level, and aspartate aminotransferase level. The
sample size of each group was 164 patients after PSM. Median survival was compared 
between the two groups by using the Kaplan-Meier method, and prognostic factors were 
investigated using Cox proportional regression analysis.

Results
In post-PSM analysis, the respective median survival for the chemotherapy and BSC groups
was dependent on the following prognostic factors: total population, 12.0 months vs. 7.5
months (p=0.001); locally advanced disease, 16.7 months vs. 13.4 months (p=0.490); can-
cer antigen 19-9  100 IU/mL, 12.7 months vs. 10.6 months (p=0.330); and CEA  3.4
ng/mL, 17.1 months vs. 10.6 months (p=0.052).

Conclusion
Chemotherapy improved overall survival of patients with advanced BTC who had a good
performance status. However, this survival benefit was not observed in BTC patients with
locally advanced disease or with lower tumor marker. Individualized approach is needed
for initiation of palliative chemotherapy in advanced BTC.

Key words
Drug therapy, Observation, Survival analysis, 
Biliary tract neoplasms, Propensity score
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Introduction

Biliary tract cancer (BTC) is a heterogeneous subgroup of
tumors, including intrahepatic cholangiocarcinoma, extra-
hepatic cholangiocarcinoma, gallbladder cancer, and ampulla
of Vater cancer. BTC has a very poor prognosis. Therapeutic
options for patients with BTC include surgery, photody-
namic therapy, radiation therapy, liver transplantation, che-
moradiation therapy, and chemotherapy. Complete resection
could improve long-term survival, but the diagnosis of BTC
is often challenging and as such, many cases are inoperable
by the time of diagnosis. For patients with inoperable dis-
ease, gemcitabine in combination with cisplatin has been 
administered as the standard chemotherapy regimen. Prior
to the establishment of a standard regimen, many chemo-
therapeutic agents were studied for their efficacy against 
advanced BTC, but the majority of studies have had limited
value in establishing a standard regimen because of a small
sample size or non-randomized design; therefore, there have
been no promising results in randomized phase III studies. 

To develop a standard chemotherapy regimen, a phase III
clinical study of a chemotherapy drug with proven efficacy
and safety must be conducted, comparing the outcomes of
the chemotherapy drug versus those of best supportive care
(BSC). In pancreatic cancer, 5-fluorouracil (5-FU)based
chemotherapy was shown to be superior over BSC in the late
1970s, and thereafter, the survival rates have improved step-
wise with 5-FU and more effective drugs [1-3]. Recently,
many studies for second-line chemotherapy treatment of 
advanced BTC have been published [4,5].  Most patients with
advanced BTC had outcomes that were comparable with
those reported in previous studies; however, frontline che-
motherapy provides a survival benefit for many patients,
even if it is not effective for everyone with advanced BTC. In
fact, depending on the clinical situation, advanced BTC has
considerable variation with respect to chemotherapy respon-
se and survival time. Therefore, a survival comparison 
between advanced BTC patients with the same conditions 
receiving chemotherapy or BSC should aid clinicians in iden-
tifying the appropriate candidates for palliative chemother-
apy.  

In our previous study [6], the natural history of inoperable
BTC was only 7.1 months, but patients with low levels of
tumor markers or locally advanced BTC had modest survival
times (10.6 months and 13.8 months, respectively) without
any treatment. This survival time was comparable to histor-
ical data from patients with advanced BTC who received
chemotherapy. As an extension of our earlier study, we con-
ducted a comparative analysis between chemotherapy and
BSC in patients with advanced BTC, applying propensity
score matching (PSM) to evaluate variables that were dispro-

portionate between the groups.

Materials and Methods

1. Patient populations

1) BSC group

The data for the BSC group were collected at six cancer
centers in Korea. We selected 206 patients who met the fol-
lowing criteria for inclusion in the study: (1) histologic diag-
nosis of locally advanced or metastatic BTC, or (2) Eastern
Cooperative Oncology Group (ECOG) performance status of
0-2 (eligible to receive chemotherapy). Exclusion criteria
were patients who had (1) undergone curative surgery,
chemotherapy, and radiation therapy for primary cancer; 
(2) initially resectable disease; or (3) an ECOG performance
status of 3-4. The data on this cohort were reported elsewhere
in detail [6].

2) Chemotherapy group

Data for the chemotherapy group were collected at four
cancer centers in Korea. We selected 398 patients who met
the following criteria for inclusion in the study: (1) a histo-
logic diagnosis of locally advanced or metastatic BTC, (2) 
administration of frontline chemotherapy, and (3) an ECOG
performance status of 0-2. Patients who had (1) undergone
curative surgery and radiation therapy for primary cancer,
(2) initially resectable disease, or (3) an ECOG performance
status of 3-4 were excluded from the study.  

2. Variables included in the study

Baseline characteristics included age, sex, disease status
(locally advanced or metastatic disease), ECOG performance
status, frontline chemotherapy regimen, white blood cell
(WBC) count, neutrophil/lymphocyte/monocyte counts, red
cell distribution width, mean cell volume, hemoglobin level,
platelet count, erythrocyte sedimentation rate, C-reactive
protein, albumin, total bilirubin, alkaline phosphatase, 
aspartate aminotransferase (AST), alanine transaminase
(ALT), carcinoembryonic antigen (CEA), and cancer antigen
19-9 (CA 19-9) levels, and whether or not biliary drainage
was performed. The cut-off level of categorical variables was
defined as follows: ECOG 0-1 and 2; CA 19-9  100 IU/mL
and > 100 IU/mL; CEA  3.4 ng/mL and > 3.4 ng/mL; WBC
< 3,500 cells/mm3, 3,500 cells/mm3  WBC < 10,000 cells/
mm3, and WBC  10,000 cells/mm3.
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Before propensity score matched After propensity score matched 
Characteristic Chemotherapy Natural history p-value Chemotherapy Natural history p-value(n=398) (n=206) (n=164) (n=164)
Sex

Male 226 (56.8) 115 (55.8) 0.863 93 (56.7) 91 (55.5) 0.911
Female 172 (43.2) 91 (44.2) 71 (43.3) 73 (44.5)

Age 60.7±10.0 69.9±10.6 < 0.001 67.4±6.7 67.9±10.1 0.592 
Extent of disease

locally advanced 110 (27.7) 42 (22.7) 0.224 29 (17.7) 36 (22.0) 0.406 
Metastatic 287 (72.3) 143 (77.3) 135 (82.3) 128 (78.0)

ECOG
0 or 1 346 (86.9) 125 (60.7) < 0.001 116 (70.7) 109 (66.5) 0.475 
2 52 (13.1) 81 (39.3) 48 (29.3) 55 (33.5)

CA 19-9 (IU/mL)
 100 175 (48.9) 84 (43.5) 0.245 63 (42.3) 67 (43.8) 0.817 
> 100 183 (51.1) 109 (56.5) 86 (57.7) 86 (56.2)

CEA (ng/mL)
 3.4 172 (50.6) 73 (41.5) 0.051 56 (40.3) 58 (40.6) 1.000 
> 3.4 168 (49.4) 103 (58.5) 83 (59.7) 85 (59.4)

WBC (cell/mm3)
< 3,500 18 (4.5) 4 (1.9) 0.050 9 (5.5) 4 (2.4) 0.311 
 3,500 and < 10,000 308 (77.6) 151 (73.3) 120 (73.2) 119 (72.6)
 10,000 71 (17.9) 51 (24.8) 35 (21.3) 41 (25.0)

Platelet (103/mm3)
< 130 43 (11.5) 17 (8.3) 0.460 23 (15.3) 14 (8.5) 0.180 
 130 and < 400 303 (81) 174 (84.5) 115 (76.7) 136 (82.9)
 400 28 (7.5) 15 (7.3) 12 (8.0) 14 (8.5)

Albumin (mg/dL)
 3.5 112 (28.2) 101 (49) < 0.001 78 (47.6) 79 (48.2) 1.000 
3.5-5.2 285 (71.8) 105 (51) 86 (52.4) 85 (51.8)

T.bilirubin (mg/dL)
 1.2 315 (79.3) 104 (50.5) < 0.001 100 (61.0) 88 (53.7) 0.219
> 1.2 82 (20.7) 102 (49.5) 64 (39.0) 76 (46.3)

ALP (IU/L)
 80 70 (17.6) 31 (15) 0.490 22 (13.4) 25 (15.2) 0.753 
> 80 327 (82.4) 175 (85) 142 (86.6) 139 (84.8)

AST (IU/L)
 40 275 (69.3) 100 (48.5) < 0.001 91 (55.5) 86 (52.4) 0.658 
> 40 122 (30.7) 106 (51.5) 73 (44.5) 78 (47.6)

ALT (IU/L)
 40 291 (73.3) 111 (53.9) < 0.001 105 (64.0) 92 (56.1) 0.176
> 40 106 (26.7) 95 (46.1) 59 (36.0) 72 (43.9)

Origin site
Bile duct 119 (72.6) 122 (74.4) 0.615
Ampulla of Vater 12 (7.3) 15 (9.1)
Gallbladder 33 (20.1) 27 (16.5)

Table 1. Baseline characteristics of the patients 

Values are presented as number (%) or mean±standard deviation. ECOG, Eastern Cooperative Oncology Group; CA 19-9,
cancer antigen 19-9; CEA, carcinoembryonic antigen; WBC, white blood cell; T.bilirubin, total bilirubin; ALP, alkaline phos-
phatase; AST, aspartate aminotransferase; ALT, alanine transaminase.
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Group
Before PSM (n=604) After PSM (n=328)

MS (mo) p-value MS (mo) p-value
All cohort

Chemotherapy 15.2 < 0.001 12.0 0.001
BSC 7.0 7.5
Total 12.1 9.6

Locally advanced
Chemotherapy 28.0 0.010 16.7 0.490
BSC 13.4 13.4
Total 23.4 14.8

Metastatic
Chemotherapy 12.7 < 0.001 11.1 < 0.001
BSC 6.2 6.3
Total 9.6 8.3

ECOG 0-1
Chemotherapy 17.0 < 0.001 13.7 0.001
BSC 8.8 8.4
Total 14.2 11.3

ECOG 2
Chemotherapy 8.4 0.603 8.4 0.568
BSC 6.1 6.3
Total 6.6 6.6

CA 19-9  100 IU/mL
Chemotherapy 19.8 0.001 12.7 0.330
BSC 10.6 10.6
Total 16.2 12.3

CA 19-9 > 100 IU/mL
Chemotherapy 11.8 < 0.001 10.9 0.001
BSC 6.0 6.0
Total 9.1 8.2

CEA  3.4 ng/mL
Chemotherapy 20.9 0.007 17.1 0.052
BSC 11.5 10.6
Total 17.8 12.3

CEA > 3.4 ng/mL
Chemotherapy 10.2 < 0.001 9.6 0.037
BSC 4.9 5.1
Total 8.2 6.7

Male
Chemotherapy 14.7 < 0.001 12.8 0.001
BSC 8.2 8.3
Total 12.0 10.3

Female
Chemotherapy 16.5 < 0.001 11.3 0.223
BSC 6.0 6.0
Total 12.4 8.6

Table 2. Overall survival of the subgroups

PSM, propensity score matched; MS, median survival; BSC, best supportive care; ECOG, Eastern Cooperative Oncology
Group; CA 19-9, cancer antigen 19-9; CEA, carcinoembryonic antigen.
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The continuous variables were reported as the mean±stan-
dard deviation (SD) and compared using Student’s t test. The
categorical variables were described as percentages and were
compared using chi-square tests.

3. PSM and statistical analysis

Our study was not a randomized, multicenter study, so the
decision of whether to administer frontline chemotherapy in
our study cohort was based on clinician discretion and 
patient preference. To overcome this selection bias, we per-
formed PSM; the propensity score was calculated from a 
logistic regression model, and for PSM, seven baseline clini-
cal and laboratory metrics including age (years), perform-
ance status (ECOG), CEA level, WBC level, albumin level,
total bilirubin level, and AST level, were selected. With the
propensity score estimated, 164 pairs of patients were
matched using a 1:1 nearest neighbor matching algorithm.
All statistical analyses were performed using SPSS for Win-
dows ver. 21.0 (IBM Corp., Armonk, NY) and StataCorp.
2015, Stata Statistical Software: Release 14 (College Station,
TX). Survival information was collected by the National
Health Insurance Service, median survival was estimated
using the Kaplan-Meier method, and comparisons between
the groups were performed using the log-rank test. A 
p-value of less than 0.05 was considered statistically signifi-
cant.

4. Ethical  statement

This study was conducted in Korea, and Institutional 
Review Board approval was obtained. The study was a ret-
rospective database review without any intervention or use
of human specimens, and the requirement for informed con-
sent was waived.

Results

1. Patient characteristics

A total of 604 patients with advanced BTC met our inclu-
sion criteria; 206 were treated with only BSC without any
curative treatments (chemotherapy, surgery, and radiation
therapy) until their death, and 398 were treated with front-
line chemotherapy. 

In the pre-PSM cohort, the age of the patients was signifi-
cantly older in the BSC group than in the chemotherapy
group (mean±SD, 60.7±10 years vs. 69.9±10.6 years; p <
0.001). The BSC group also had poor performance statuses

and high rates of abnormal laboratory findings (albumin,
total bilirubin, AST, and ALT levels) compared with the
chemotherapy group. No significant differences were 
observed in other variables between both groups.

A total of 328 patients were matched and baseline charac-
teristics were balanced and matched, with the exception of
some laboratory variables, between the two groups. The
baseline characteristics of the enrolled patients before and
after PSM are listed in Table 1.

2. Comparison of survival outcomes 

In the pre-PSM cohort, the median overall survival (OS)
was 15.2 months versus 7.0 months for all cohorts in the
chemotherapy group versus the BSC group. In the subgroup
analysis, OS was significantly longer in the chemotherapy
arm of most subgroups, except for the subgroup with an
ECOG score of 2 (8.4 months for the chemotherapy group vs.
6.1 months for the BSC group, p=0.603) (detailed results are
shown in Table 2).

In the PSM cohort, the median OS was 12.0 months in 
patients given frontline chemotherapy versus 7.5 months in
patients receiving BSC for all cohorts (Fig. 1). In the sub-
groups of patients with locally advanced disease, ECOG 2,
female, CA 19-9  100 IU/mL, or CEA  3.4 ng/mL there
were no significant differences in OS between the chemother-
apy group and the BSC group (16.7 months vs. 13.4 months
[p=0.490], 8.4 months vs. 6.3 months [p=0.568], 11.3 months
vs. 6.0 months [p=0.223], 12.7 months vs. 10.6 months
[p=0.330], and 17.1 months vs. 10.6 months [p=0.052], respec-
tively). In the rest of the subgroups, frontline chemotherapy

Jun Ho Ji, Chemotherapy vs. BSC in Advanced BTC

Fig. 1.  All cohort (after propensity score matching analy-
sis). CG, chemotherapy group; BSCG, best supportive care
group; OS, overall survival.
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Fig. 2.  Subgroup cohort (after propensity score matching analysis). CG, chemotherapy group; BSCG, best supportive care
group; OS, overall survival; CA 19-9, cancer antigen 19-9; CEA, carcinoembryonic antigen; ECOG, Eastern Cooperative 
Oncology Group. (Continued to the next page)
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demonstrated a significant survival benefit (Table 2, Fig. 2).
Survival analysis by the disease location revealed that there
were no significant survival differences in ampulla of Vater
cancer (chemotherapy group of 12.7 months vs. BSC group
of 12.9 months, p=0.481). But frontline chemotherapy is 
associated with longer survival in cholangiocarcinoma
(chemotherapy group of 12.8 months vs. BSC group of 7.1
months, p=0.003) and gallbladder cancer (chemotherapy
group of 11.1 months vs. BSC group of 4.2 months, p=0.022). 

Further analyses were performed in the intersectional 
cohorts that consisted of subgroups with minor differences
between the chemotherapy group and the BSC group. In the
intersectional cohort with subgroups of locally advanced dis-
ease and CA 19-9  100 IU/mL/locally advanced disease and
CEA  3.4 ng/mL/CA 19-9  100 IU/mL and CEA  3.4

ng/mL, there were consistently no significant differences in
survival between the chemotherapy group and the BSC
group (23.6 months vs. 23.8 months [p=0.509], 27.1 months
vs. 26.9 months [p=0.575], and 39.1 months vs. 18.8 months
[p=0.325], respectively) (Fig. 3).

Discussion

Although the standard treatment of inoperable BTC is
combination chemotherapy with cisplatin plus gemcitabine,
the efficacy of chemotherapy in advanced BTC is poor. The
current use of chemotherapy in advanced BTC was extrapo-

Jun Ho Ji, Chemotherapy vs. BSC in Advanced BTC

Fig. 2.  (Continued from the previous page)
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lated from evidence in pancreatic cancer [7]. Herein, we have
shown clear evidence that chemotherapy could increase the
survival rates of advanced BTC patients. Particularly, che-
motherapy must be considered in cases of metastatic disease
or good performance status (ECOG 0-1) or high level of
tumor marker. 

This study also suggests that not all patients with 
advanced BTC are suitable candidates for chemotherapy.
There was no statistical difference between the BSC and
frontline chemotherapy cohorts of advanced BTC patients
with locally advanced disease and/or low levels of tumor
markers. In particular, this tendency was noticeable in 
patients with locally advanced disease and low levels of
tumor markers (CA 19-9  100 IU/mL/CEA  3.4 ng/mL).
This means that in these subgroups, immediate chemother-
apy may not improve survival time. Levels of tumor markers
and patient disease status are therefore important factors to
consider when deciding whether or not to administer pallia-
tive chemotherapy. An additional comparative cohort study
will aid in determining the optimal timing of chemotherapy;
tailored treatment plans will be required for advanced BTC. 

In BTC, little is known about the natural course of the dis-
ease without any cancer treatment. The majority of studies

on the natural progression of BTC used a retrospective 
design, and a large number of the enrolled participants who
were treated with only BSC already had untreatable disease
with a poor performance status [8,9]. As such, the deter-
mined survival time of advanced BTC without any treatment
is highly inaccurate and generally short. In our previous
analysis of national insurance data [6], we showed that the
survival time of patients with untreated advanced BTC with
locally advanced disease or low levels of tumor markers (CA
19-9  100 IU/mL or CEA  3.4 ng/mL) was comparable to
that of advanced BTC patients who were treated with cis-
platin plus gemcitabine. Using the available data for the nat-
ural course of advanced BTC, a PSM analysis was used for
the comparison of frontline chemotherapy and BSC. Since
the first use of PSM [10], many comparative studies have
been conducted using PSM when randomized trials were not
possible. In the current circumstances of advanced BTC, in
which cisplatin plus gemcitabine is already considered the
standard therapy, a randomized comparative study is not
feasible for ethical reasons. Accordingly, our PSM analysis is
the proper method to compare frontline chemotherapy and
BSC in advanced BTC patients with a good performance sta-
tus. 

Cancer Res Treat. 2018;50(3):791-800
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Fig. 3.  Forest plot: comparison of CG versus BSCG. CI, confidence interval; CA 19-9, cancer antigen 19-9; CEA, carcinoem-
bryonic antigen; ECOG, Eastern Cooperative Oncology Group; CG, chemotherapy group; BSCG, best supportive care group.
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Appropriate practical guidance regarding the timing of
chemotherapy initiation is lacking. Several available studies
are limited to the adjuvant setting, and delayed time-
to-chemotherapy may have a negative prognostic impact in
breast cancer and colorectal cancer [11-14]. This trend is pre-
dominantly observed in the subgroup of patients with a poor
prognosis when the remainder of the subgroup has a fair
prognosis [15]. This is consistent with our results, which 
indicate that the prompt initiation of chemotherapy in a sub-
group of advanced BTC patients with a good prognosis does
not prolong survival. In the palliative setting, the generally
accepted practice is that the earlier the initiation of chemo-
therapy the better. However, this is not always the case. A
meta-analysis of data on metastatic colorectal cancer found
no difference in OS, time-to-progression, or quality of life
with immediate versus delayed chemotherapy [16]. There is
no clear recommendation regarding the timing of chemother-
apy initiation in BTC, and considering the various clinical
courses of BTC, more research is necessary to better deter-
mine the optimal timing of chemotherapy in advanced BTC. 

The current study has several limitations. Retrospective
design is the first weak point. To reduce bias for retrospective
design, we applied PSM analysis. As a stratification param-
eter, we selected variables by a multivariate analysis includ-
ing age, extent of disease, ECOG status albumin level, total
bilirubin level and AST level. Small sample size is the second
weak point. The disease location is important prognostic fac-
tor but we could not include because of small sample size.
Survival benefit was not observed between chemotherapy
group and BSC group in specific subgroups but the result in
the subgroups of CEA  3.4 or locally advanced disease just
could not satisfy statistical significance, the trend of survival

was superior in chemotherapy group. If we analyzed a larger
sample size, survival benefit might be favorable to the
chemotherapy group. However, as we investigated credible
insurance OS data and intersectional analysis, we focused on
the possibility that urgent chemotherapy is not needed in
some cases of BTC patient.

Actually in our previous study [6], median survival time
by the disease location were ampullary cancer (11.2 months)
followed by extrahepatic cholangiocarcinoma (9.7 months),
intrahepatic cholangiocarcinoma (4.7 months), and gallblad-
der cancer (4.4 months). Recently, interest for quality of life
(QoL) is increasing and it is as important as survival result
in study for cancer. Evaluation of QoL was not performed as
well in our study for the retrospective analysis.     

In conclusion, our results suggest that chemotherapy in 
advanced BTC is mostly beneficial for survival. Especially in
subgroups with metastatic disease, high tumor marker or
good performance status (ECOG 0-1) this trend is evident.
The other way, immediate chemotherapy may not be helpful
to someone who had low tumor marker, poor performance
status or localized disease. The identification of prognostic
subgroups classified by their clinical and laboratory charac-
teristics is important for optimizing the timing of the initia-
tion of palliative chemotherapy. In addition, further genomic
research to validate our results is needed, as is an additional
prospective study focusing on the timeliness of chemother-
apy initiation in advanced BTC.
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Feasibility of Charcoal Tattooing of Cytology-Proven Metastatic 
Axillary Lymph Node at Diagnosis and Sentinel Lymph Node Biopsy
after Neoadjuvant Chemotherapy in Breast Cancer Patients

Original Article

Purpose
Sentinel lymph node biopsy (SLNB) can be performed when node-positive disease is con-
verted to node-negative status after neoadjuvant chemotherapy (NCT). Tattooing nodes
might improve accuracy but supportive data are limited. This study aimed to investigate the
feasibility of charcoal tattooing metastatic axillary lymph node (ALN) at presentation followed
by SLNB after NCT in breast cancers.

Materials and Methods
Twenty patients with cytology-proven node metastases prospectively underwent charcoal tat-
tooing at diagnosis. SLNB using dual tracers and axillary surgery after NCT were then per-
formed. The detection rate of tattooed node and diagnostic performance of SLNB were
analyzed.

Results
All patients underwent charcoal tattooing without significant morbidity. Sentinel and tattooed
nodes could be detected during surgery after NCT. Nodal pathologic complete response
was achieved in 10 patients. Overall sensitivity, false-negative rate (FNR), negative predictive
value, and accuracy of hot/blue SLNB were 80.0%, 20.0%, 83.3%, and 90.0%, respectively.
Retrieving more nodes and favorable nodal response were associated with improved per-
formance. The best accuracy was observed when excised tattooed node was calculated 
together (FNR, 0.0%). Cold/non-blue tattooed nodes of five patients were removed during
non-sentinel axillary surgery but clinicopathological parameters did not differ compared to
patients with hot/blue tattooed node detected during SLNB, suggesting the importance of
the tattooing procedure itself to improve performance. 

Conclusion
Charcoal tattooing of cytology-confirmed metastatic ALN at presentation is technically fea-
sible and does not limit SLNB after NCT. The tattooing procedure without additional preop-
erative localization is advantageous for improving the diagnostic performance of SLNB in
this setting.

Key words
Breast neoplasms, Charcoal, Neoadjuvant therapy, 
Sentinel lymph node biopsy, Tattoo
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Introduction

Sentinel lymph node biopsy (SLNB) is a standard proce-
dure for managing patients with clinical node-negative
breast cancer and it lowers surgical morbidity and improves
quality of life compared to axillary lymph node dissection
(ALND) while providing similar survival rates [1,2]. How-
ever, the oncologic safety of SLNB remains controversial in
patients with cytology-proven node-positive disease at pres-
entation that is converted to clinical node-negative status
after receiving neoadjuvant chemotherapy (NCT). Nodal
metastasis can be eradicated by NCT in up to approximately
40% of patients with positive axillary lymph node (ALN)
metastasis at diagnosis [3,4], but the possible effects of NCT
are alterations or disruptions of lymphatic vessels or non-
uniform tumor regression of metastatic ALNs, which can
limit the usefulness of SLNB in these patients [5]. 

Several prospective clinical trials were undertaken to 
determine the accuracy of SLNB after NCT in patients with
clinical or histological node-positive disease and the overall
false-negative rate (FNR) of SLNB was 14.2% in the SENTinel
NeoAdjuvant (SENTINA) study, 12.6% in the American Col-
lege of Surgeons Oncology Group (ACOSOG) Z1071 (Alli-
ance) trial, and 13.3% in the Sentinel Node Biopsy Following
Neoadjuvant Chemotherapy (SN FNAC) trial [6-8]. In cases
where dual tracers were used, > 2 sentinel lymph nodes
(SLNs) were retrieved, or immunohistochemistry was used;
however, FNRs < 10% were clinically acceptable for SLNB
[4]. Thus, the National Comprehensive Cancer Network
(NCCN) guidelines recommend SLNB or ALND if biopsy-
proven metastatic ALNs are converted to clinically node-
negative status after preoperative systemic therapy [9].
Importantly, the NCCN guidelines emphasize that marking
sampled ALNs with a clip or tattoo before NCT can improve
the diagnostic performance of SLNB [10,11]. 

A biopsy-proven metastatic ALN has to be marked if tar-
geted axillary dissection is to be performed after NCT and
this marking has to take place by an experienced radiologist
with specialized equipment such as a clip [12]. Preoperative
localization with a wire or radioactive seed is also necessary
and this additional invasive procedure might be uncomfort-
able for patients. Furthermore, clinicians must also check
possible clip migration and determine the radiation safety of
the radioactive seed [4]. In comparison, additional localiza-
tion is not required for the tattooing technique of positive
node although limited studies have been reported since its
introduction [11]. The diagnostic performance of the tattoo-
ing procedure incorporated into SLNB should be studied
with this background in mind. In addition, marked metasta-
tic ALN before NCT is not always detected as hot and/or
blue nodes at surgery. For clarifying the association between

tattooed ALN at diagnosis and dual traced nodes after NCT,
SLNB was considered as results of hot/blue ALNs retrieved
alone and modified SLNB was defined as findings of dual
traced or residual marked, suspiciously enlarged nodes in
this study. 

The main aims of the present study were primarily to 
investigate whether black tattoo injected in cytology-proven
metastatic ALN at presentation could be detected intraoper-
atively in patients treated with NCT and to examine the fea-
sibility of charcoal tattooing in breast cancers. The second
was to evaluate the diagnostic performance of SLNB with or
without marking the biopsy-proven metastatic ALN by cal-
culating the detection rate, sensitivity, FNR, negative predic-
tive value (NPV), and accuracy. The last was to determine
the concordance between charcoal-tattooed ALN and SLNs 
detected by radioisotopes and blue dye. If a discordance was
found, we tried to identify which clinicopathological param-
eters were associated with the discordance. 

Materials and Methods

1. Patient enrollment 

Twenty patients with clinical T1-T3 breast cancer at diag-
nosis who received NCT between October 2015 and July 2016
were prospectively enrolled from Yonsei Cancer Center, Sev-
erance Hospital, Yonsei University College of Medicine,
Seoul, Korea. All patients had cytology-proven ALN metas-
tases prior to NCT. Patients with a past history of allergic 
reaction to charcoal agents, inflammatory or T4 breast carci-
noma, or stage IV cancer at diagnosis were excluded. At pres-
entation, all patients with clinically enlarged ALNs or with
radiologically suspicious nodal findings of loss of fatty
hilum, cortical thickening > 3 mm, round shape, markedly
hypoechoic cortex, or increased peripheral blood flow 
underwent ultrasound-guided fine needle aspiration cytol-
ogy of the most suspicious or largest ALN to confirm the
presence of metastasis. 

2. Ultrasound-guided charcoal tattooing on cytology-con-
firmed ALN

Prior to NCT, the main breast tumor was marked with a
metallic clip and then the cytology-proven metastatic ALN
was tattooed with charcoal suspension (Charcotrace, Phebra,
Sydney, Australia) through ultrasound-guidance by a radi-
ologist (M.J.K.) who had more than 14 years of specialized
experience in breast imaging. To minimize obstacles to
pathologic examination, the charcoal was mainly injected
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into the capsular area of the metastasis-confirmed ALN and
a needle-point injection track was made from the ALN to the
skin of the axilla. A median dose of 0.5 mL (range, 0.2 to 0.8
mL) was used for node tattooing. 

3. Response to NCT and clinicopathological factors

After four cycles of anthracycline followed by taxane-con-
taining NCT, the responses of the primary tumor and nodes
were comprehensively evaluated using clinical and radiolog-
ical examinations, mainly with ultrasound or breast magnetic
resonance images. For cases with human epidermal growth
factor receptor 2 (HER2)positive disease, trastuzumab was
incorporated into the NCT regimens. According to the 
Response Evaluation Criteria in Solid Tumors ver. 1.1, tumor
response to NCT was considered as complete or partial 
response and non-response was defined with stable or pro-
gressive disease. The ALN response to NCT was defined
with the disappearance of metastatic ALNs or no suspicious
imaging findings in the axilla. Nodal non-response was con-
sidered when suspicious findings in the axilla remained after
completion of NCT.

Pathologic stages were based on the AJCC Cancer Staging
Manual, seventh edition [13]. The modified Scarff-Bloom-
Richardson grading system was used for histologic grading.
Tumors with  1% nuclear-stained cells by immunohisto-
chemistry using core needle biopsy specimens were consid-
ered positive for estrogen receptor (ER) and progesterone
receptor (PR) according to the American Society of Clinical
Oncology/College of American Pathologists (ASCO/CAP)
guidelines [14]. HER2 staining was scored as 0, 1+, 2+, or 3+
according to the ASCO/CAP guidelines [15]. In cases with
HER2 2+ results, silver in situ hybridization (SISH) was per-
formed using the INFORM HER2 Dual ISH DNA Probe
Cocktail Assay (Ventana Medical Systems, Tucson, AZ) with
an automated slide stainer according to the manufacturer’s
protocols. HER2 gene amplification was defined with a HER2
gene/chromosome 17 copy number ratio  2.0 or a HER2
gene/chromosome 17 copy number ratio < 2.0 with an aver-
age HER2 copy number  6.0 signals/cell according to the
ASCO/CAP guidelines [15]. An immunohistochemistry
score of 3+ or gene amplification by SISH was considered
HER2-positive. During the study period, Ki-67 staining was
mainly performed on post-treatment surgical specimens for
residual carcinomas in our institution and was not investi-
gated in the present study. 

Based on ER, PR, HER2, and histologic grade findings, 
molecular phenotypes were categorized into the following
four subgroups: luminal A (ER-positive and/or PR-positive,
HER2-negative and grade 1 or 2), luminal B (ER-positive
and/or PR-positive, HER2-negative and grade 3; or ER-pos-
itive and/or PR-positive, and HER2-positive), HER2-

enriched (ER-negative, PR-negative, and HER2-positive),
and triple-negative breast cancer (TNBC) (ER-negative, 
PR-negative, and HER2-negative).

4. SLNB, axillary surgery, and pathologic assessment

SLNs were detected using a combination of radioisotopes
and blue dye techniques except for one detected with a 
radioisotope alone. In brief, 0.5 mCi 99mTc-Phytate (Korea
Atomic Energy Research Institute, Daejeon, Korea) was 
diluted in 0.5 mL saline and injected into the subcutaneous
layer of the areolar tissue in the direction of the main primary
tumor at the Department of Nuclear Medicine on the day of
surgery. In the operation room just before surgery was initi-
ated, 0.8% indigo carmine dye (Carmine, Korea United
Pharm Inc., Seoul, Korea) was injected into the periareolar
area followed by a massage of the injection site. SLNs were
excised and defined as hot and/or blue-colored nodes with
a handheld gamma probe (Neoprobe Gamma Detection Sys-
tem, Neoprobe Corp., Dublin, OH) at gross visual inspection
or with a radioactive count of  10% of the ex vivo count of
the hottest node. During SLNB, clinically palpable cold or
non-blue axillary nodal tissues were also excised and cate-
gorized as axillary sampling. Charcoal-tattooed ALN and
track were removed during axilla surgery and included in
the SLNB or axillary sampling procedures. SLNs and axillary
sampling tissues were then sent to frozen section analysis.
After SLNB and/or axillary sampling, the decision to per-
form further concomitant completion level I/II ALND was
made taking into account patient’ consent, initial nodal bur-
den, node responses during and after NCT, or frozen section
results of SLNB and/or axillary sampling. 

All excised ALNs including SLNs were subjected to rou-
tine pathological examinations, which included hematoxylin
and eosin staining with or without immunohistochemistry
for cytokeratin in accordance with previously published rec-
ommendations [16]. ALNs were considered positive if
metastatic foci were > 0.2 mm and/or > 200 tumor cells 
( ypN1mi) according to the AJCC Cancer Staging Manual,
seventh edition [13]. Any nodes with isolated metastatic foci
of  0.2 mm were considered negative [ypN0(i+)], but were
not considered to have achieved a node pathologic complete
response (pCR). Regarding primary tumor responses to
NCT, the absence of in situ or invasive carcinomas (ypT0) or
residual in situ carcinoma alone without invasive disease
(ypTis) constituted a tumor pCR.

5. Statistical analysis

The detection of charcoal-tattooed node was investigated
and its association with the detection of SLNs was analyzed.
Detection failure of SLNs was defined as an inability to iden-
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tify hot and/or blue nodes by lymphoscintigraphy or gamma
probe with visual inspection. Sensitivity was calculated by
dividing true positive (TP) findings by TP plus false-negative
(FN) findings. FNR was defined as the proportion of patients
with negative SLNs who subsequently had metastatic ALNs
among patients with  1 positive lymph node. NPV was cal-
culated by dividing true negative (TN) findings by TN plus

Cancer Res Treat. 2018;50(3):801-812

Parameter No. of patients (%)  
Age (yr)
 50 11 (55.0)
> 50 9 (45.0)

BMI (kg/m2)
 25 15 (75.0)
> 25 5 (25.0)

Laterality
Left 13 (65.0)
Right 7 (35.0)

Location of the main lesion
Upper outer quadrant 7 (35.0)
Upper inner quadrant 4 (20.0)
Upper central area 2 (10.0)
Mediocentral area 2 (10.0)
Lower outer quadrant 2 (10.0)
Lower inner quadrant 1 (5.0)
Lower central area 1 (5.0)
Subareolar area 1 (5.0)

Histologic type
IDC-NOS 19 (95.0)
Mucinous carcinoma 1 (5.0)

Clinical tumor stage at diagnosis
cT1 6 (30.0)
cT2 11 (55.0)
cT3 3 (15.0)

Clinical node stage at diagnosis
cN1 12 (60.0)
cN2 5 (25.0)
cN3 3 (15.0)

Regimens of NCT
AC–wP±H 9 (45.0)
AC–T±H 11 (55.0)

Tumor response to NCT
Response 14 (70.0)
Non-response 6 (30.0)

Node response to NCT
Response 11 (55.0)
Non-response 9 (45.0)

Pathologic tumor stage
ypT0-is 6 (30.0)
ypT1-2 14 (70.0)

Pathologic node stage
ypN0 10 (50.0)
ypN1-2 10 (50.0)

Pathologic TNM stage
Stage 0 6 (30.0)
Stage 1 4 (20.0)
Stage 2 7 (35.0)
Stage 3 3 (15.0)

Table 1. Clinicipathological characteristics of the enrolled
patients

Table 1. Continued

BMI, body mass index; IDC-NOS, invasive ductal carci-
noma-not otherwise specified; NCT, neoadjuvant chemo-
therapy; AC, anthracycline followed by cyclophosphamide;
wP, weekly paclitaxel; H, trastuzumab; T, docetaxel; TNM,
tumor node metastasis; HER2, human epidermal growth
factor receptor 2; TNBC, triple-negative breast cancer;
SLNB, sentinel lymph node biopsy; ALND, axillary lymph
node dissection.

Parameter No. of patients (%)  
Histologic grade

I 3 (15.0)
II 13 (65.0)
III 4 (20.0)

Lymphovascular invasion
Absent 15 (75.0)
Present 5 (25.0)

Perinodal extension
Absent 15 (75.0)
Present 5 (25.0)

Estrogen receptor
Negative 6 (30.0)
Positive 14 (70.0)

Progesterone receptor
Negative 8 (40.0)
Positive 12 (60.0)

HER2
Negative 15 (75.0)
Positive 5 (25.0)

Molecular phenotype
Luminal A 10 (50.0)
Luminal B 4 (20.0)
HER2-enriched 2 (10.0)
TNBC 4 (20.0)

Type of breast surgery
Breast-conserving surgery 11 (55.0)
Total mastectomy 9 (45.0)

Type of axillary surgery
SLNB alone 2 (10.0)
SLNB+axillary sampling 6 (30.0)
SLNB+ALND 12 (60.0)
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FN findings. Accuracy was defined as the proportion of 
patients with TP or TN among patients with successful
SLNB. The significances of differences in SLNB performance
of subgroups and in clinicopathological parameters between
groups were evaluated using the chi-square test or Fisher
exact test. The Mann-Whitney U test was used to compare
the median values of continuous numerical data. All statisti-
cal tests were two-sided, and p < 0.05 was considered statis-
tically significant. SPSS ver. 23.0 (IBM Corp., Armonk, NY)
and SAS ver. 9.4 (SAS Inc., Cary, NC) were used for analy-
sis.

6. Ethical statement

This study was approved by the Institutional Review
Board (IRB) of Severance Hospital, Yonsei University Health
System, Seoul, Korea (IRB No. 4-2015-0465) and registered to
the Clinical Research Information Service (CRIS, http://
cris.nih.go.kr/cris/index.jsp; No. KCT0002370), Korea. Writ-
ten informed consent was obtained from all patients prior to
study entry.

Results

1. Patient characteristics and ultrasound-guided charcoal
tattooing procedure

The mean age of 20 patients was 52.3±10.9 years (range, 34
to 70 years) at diagnosis. The mean size of the main primary
tumor at presentation was 3.1±1.8 cm (range, 1.2 to 8.4 cm).
Table 1 shows the clinicopathological characteristics and

treatment patterns of the enrolled patients. No significant
side effects or complications occurred during charcoal tat-
tooing of metastatic ALN. After finishing the tattooing pro-
cedure, 16 patients (80%) underwent NCT on the very day
that charcoal tattooing was performed and the time interval
between charcoal tattooing and NCT ranged from 0 to 5
days. The median time interval between charcoal tattooing
and surgery was 181 days (range, 165 to 197 days). 

Final permanent pathology of breast and ALNs is pre-
sented in Table 1. Preoperative imaging studies of three 
patients with initially suspicious non-axillary regional lymph
nodes showed no radiological evidence of non-axillary 
regional metastasis after completion of NCT. Therefore,
when pathologic results of the breast and axilla were consid-
ered, both tumor and nodal pCR were determined in six 
patients (30.0%). There was no statistical difference in the
nodal pCR rate according to the type of axillary surgery
(ALND 41.7% vs. axillary sampling 62.5%, p=0.650) (Table 1).

2. Axillary surgery and diagnostic performance of SLNB

One or more hot and/or blue SLNs were detected in all 
patients (detection rate, 100%). The median number of SLNs
and total ALNs (SLNs+non-sentinel ALNs) retrieved was 3.0
(range, 1 to 12) and 10.0 (range, 4 to 18), respectively. The 
median number of non-sentinel ALNs excised was 4.5
(range, 0 to 15). The number of pathologically retrieved
nodes in two patients who underwent SLNB alone was four
and 10, respectively. During axillary surgery, charcoal-tat-
tooed ALN and track were easily identified by visual inspec-
tion and excised in all patients (detection rate of tattooed
node, 100%). According to the type of axillary surgery, the
median number of SLNs was not different (n=3 in each
group, p=0.624), but the median number of non-sentinel

Seho Park, Metastatic ALN Tattooing and SLNB after NCT

Final ALN status after NCT
Parameter Positive (n=10) Total

Non-sentinel ALN (+) Non-sentinel ALN ()
Negative (n=10)

SLNB
Positive 3 5 - 8
Negative 2 - 10 12

Modified SLNBa)

Positive 4 6 - 10
Negative 0 - 10 10

Table 2. Results of SLNB and axillary surgery

SLNB, sentinel lymph node biopsy; ALN, axillary lymph node; NCT, neoadjuvant chemotherapy. a)Modified SLNB is the
final results of hot or blue-colored sentinel lymph nodes and initial cytology-proven, charcoal-tattooed lymph node excised
during axillary sampling procedure.  

VOLUME 50 NUMBER 3 JULY 2018  805



ALNs was significantly larger in the ALND group; therefore,
the median number of total ALNs removed was significantly
higher in the ALND group (ALND, 13 [range, 7 to 18] vs. 
axillary sampling, 4.5 [range, 4 to 10]; p < 0.001). 

Table 2 compares SLNB results of removing hot and/or
blue SLNs with the final ALN status. In addition to hot

and/or blue SLNs, charcoal-tattooed node was calculated 
together as the modified SLNB. The diagnostic performance
of the modified SLNB showed the highest values as follows:
sensitivity, 100%; FNR, 0.0%; NPV, 100%; and accuracy,
100%.

Overall diagnostic performance of SLNB is presented in

Cancer Res Treat. 2018;50(3):801-812

Fig. 1. Gross and microscopic findings of a charcoal-tattooed lymph node in a patient presenting with a false-negative
sentinel lymph node biopsy using dual tracers. (A) Gross picture of a retrieved charcoal-tattooed axillary lymph node. (B)
Ex vivo radioisotope counts of the tattooed node showing minimal uptake (value, 35). (C) Microscopic photograph of residual
metastatic carcinomas and charcoal pigments in the tattooed axillary node (H&E staining, 100).

A B C

Table 3. Diagnostic performance of SLNB in all and subgroups of patients
Parameter Sensitivity (%) FNR (%) NPV (%) Accuracy (%)
Overall (n=20) 80.0 20.0 83.3 90.0
95% CI 55.2-100.0 0.0-44.8 62.2-100.0 76.9-100.0
No. of retrieved SLNs
 2 (n=2) 0.0 100.0 50.0 50.0
3 (n=11) 75.0 25.0 87.5 90.9
 4 (n=7) 100.0 0.0 100.0 100.0
p-value 0.089 0.089 0.576 0.305

Type of axillary surgery
Axillary sampling (n=8) 66.7 33.4 83.3 87.5
ALND (n=12) 85.7 14.3 83.3 91.7
p-value > 0.999 > 0.999 > 0.999 > 0.999

Node response to NCT
Response (n=11) 100.0 0.0 100.0 100.0
Non-response (n=9) 71.4 28.6 50.0 77.8
p-value > 0.999 > 0.999 0.091 0.190

Molecular phenotype
Luminal (n=14) 100.0 0.0 100.0 100.0
Non-luminal (n=6) 33.3 66.7 60.0 66.7
p-value 0.067 0.067 0.152 0.079

SLNB, sentinel lymph node biopsy; FNR, false-negative rate; NPV, negative predictive value; CI, confidence interval; SLNs,
sentinel lymph nodes; ALND, axillary lymph node dissection; NCT, neoadjuvant chemotherapy.
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Table 4. Clinicopathological characteristics between patients whose SLNs concordantly included a charcoal-tattooed lymph
node and those not
Parameter Concordant (n=15) Discordant (n=5) p-valuea)

Age (yr)
 50 10 (66.7) 1 (20.0) 0.127
> 50 5 (33.3) 4 (80.0)

BMI (kg/m2)
 25 12 (80.0) 3 (60.0) 0.560
> 25 3 (20.0) 2 (40.0)

Laterality
Left 10 (66.7) 3 (60.0) > 0.999
Right 5 (33.3) 2 (40.0)

Clinical tumor stage at diagnosis
cT1 3 (20.0) 3 (60.0) 0.131
cT2-3 12 (80.0) 2 (40.0)

Clinical node stage at diagnosis
cN1 10 (66.7) 2 (40.0) 0.347
cN2-3 5 (33.3) 3 (60.0)

Regimens of NCT
AC–wP±H 7 (46.7) 2 (40.0) > 0.999
AC–T±H 8 (53.3) 3 (60.0)

Tumor response to NCT
Response 10 (66.7) 4 (80.0) > 0.999
Non-response 5 (33.3) 1 (20.0)

Node response to NCT
Response 9 (60.0) 2 (40.0) 0.617
Non-response 6 (40.0) 3 (60.0)

Pathologic tumor stage
ypT0-is 4 (26.7) 2 (40.0) 0.613
ypT1-2 11 (73.3) 3 (60.0)

Pathologic node stage
ypN0 7 (46.7) 3 (60.0) > 0.999
ypN1-2 8 (53.3) 2 (40.0)

Pathologic TNM stage
Stage 0 4 (26.7) 2 (40.0) 0.613
Stage 1-3 11 (73.3) 3 (60.0)

Histologic grade
I/II 12 (80.0) 4 (80.0) > 0.999
III 3 (20.0) 1 (20.0)

Lymphovascular invasion
Absent 11 (73.3) 4 (80.0) > 0.999
Present 4 (26.7) 1 (20.0)

Perinodal extension
Absent 11 (73.3) 4 (80.0) > 0.999
Present 4 (26.7) 1 (20.0)

Estrogen receptor
Negative 3 (20.0) 3 (60.0) 0.131
Positive 12 (80.0) 2 (40.0)

Progesterone receptor
Negative 5 (33.3) 3 (60.0) 0.347
Positive 10 (66.7) 2 (40.0)

(Continued to the next page)
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Table 3 including subgroups. When more SLNs were excised,
the sensitivity, NPV, and accuracy improved and FNR 
decreased, although statistical significance was not demon-
strated. Similarly, wider axillary surgery or favorable nodal
response was associated with improved diagnostic perform-
ance of SLNB. Better performance was exhibited in patients
with luminal A or B subtypes than in those with non-luminal
(HER2-enriched or TNBC) subtypes with borderline signifi-
cance.

3. Association between sentinel and tattooed lymph nodes

Charcoal-tattooed ALN was among the hot and/or blue
SLNs in 15 patients (75.0%) but removed during cold and
non-blue axillary nodes sampling in five cases (25.0%).
Among 15 patients with concordance between the tattooed
node and SLNs, eight (53.3%) showed residual metastatic
disease in the charcoal-tattooed ALN. The other seven 
patients (46.7%) were determined to have negative conver-
sion of the tattooed node and finally achieved nodal pCR.
Among five patients with discordance between the tattooed
ALN and SLNs, three (60.0%) showed negative sentinel and
tattooed nodes and finally achieved nodal pCR. Of the 
remaining two patients, one 61-year-old patient showed that
three SLNs detected were negative, but the charcoal-tattooed
non-sentinel ALN showed residual metastasis (Fig. 1). In the
other 59-year-old patient, only one SLN was retrieved.
Frozen section and permanent pathology of the SLN con-

firmed the presence of a few atypical cells and isolated tumor
cells with a maximal diameter of 100 µm [ypN0(i+)], respec-
tively. Subsequently, ALND was performed and metastatic
carcinomas in four out of 12 ALNs were found including 
micrometastasis (450 µm) in the tattooed ALN. 

Regarding the intensity order of the uptaken radioisotope,
the tattooed node was the hottest in eight patients, the sec-
ond hottest in three, and the third hottest in four. When clin-
icopathological characteristics of patients with concordant
SLNs and tattooed node were compared to those of patients
with discordant findings, no statistically significant param-
eters were identified (Table 4). 

Discussion

In patients with clinically or histopathologically node-pos-
itive disease at presentation, SLNB can decrease morbidity
while increasing quality of life by allowing ALND to be omit-
ted when the axilla is converted to clinically node-negative
status after NCT, similar benefits to those proven in initially
node-negative patients [17,18]. However, the diagnostic per-
formance and oncological safety of SLNB has been evolving
and long-term follow-up results are required to clearly define
the role of SLNB in these patients. Recently, the SENTINA,
ACOSOG Z1071, and SN FNAC trials showed SLNB being
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Table 4. Continued
Parameter Concordant (n=15) Discordant (n=5) p-valuea)

HER2
Negative 11 (73.3) 4 (80.0) > 0.999
Positive 4 (26.7) 1 (20.0)

Molecular phenotype
Luminal A 8 (53.3) 2 (40.0) 0.319
Luminal B 4 (26.7) 0 (
HER2-enriched 1 (6.7) 1 (20.0)
TNBC 2 (13.3) 2 (40.0)

Type of breast surgery
Breast-conserving surgery 9 (60.0) 2 (40.0) 0.617
Total mastectomy 6 (40.0) 3 (60.0)

Type of axillary surgery
SLNB±axillary sampling 6 (40.0) 2 (40.0) > 0.999
SLNB+ALND 9 (60.0) 3 (60.0)

SLN, sentinel lymph node; BMI, body mass index; NCT, neoadjuvant chemotherapy; AC, anthracycline followed by cyclophos-
phamide; wP, weekly paclitaxel; H, trastuzumab; T, docetaxel; HER2, human epidermal growth factor receptor 2; TNBC,
triple-negative breast cancer; SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection. a)p-value was calcu-
lated by the Fisher exact test.
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performed in this setting under somewhat different protocols
and the results of these studies found the following technical
issues to be conclusively associated with SLNB accuracy:
marking of biopsied ALNs, use of dual tracers, numbers of
SLNs retrieved, and immunohistochemical evaluation [4,19].
The National Comprehensive Cancer Network guidelines
recommend either type of axillary surgery as a category 2B
and also state the technical considerations [9].

In the present study, hot and/or blue SLNs as well as
black-tattooed ALN and track could be detected in all 
patients after NCT within a median duration of 6 months,
fulfilling the technical feasibility of node tattooing without
significant morbidity. Similarly, black ink could be identified
intraoperatively up to an average 130 days after tattooing in
a report of Choy et al. [11]. Three or more SLNs were 
removed in 18 patients (90.0%) and the tattooed ALN was
included in the SLNs of 15 patients (75.0%). On gross inspec-
tion, the blue dye of the black tattooed nodes was faint in

some cases [11], but subtle different coloring or the direction
of the running tracks guided discrimination between sentinel
and non-sentinel nodes with the assistance of radioisotopes
(Fig. 2). Pathologic examination was not encumbered by the
black pigments on the slides.

More importantly, improved diagnostic performance of
SLNB was again demonstrated by marking of metastatic
node with charcoal tattoo even small size of this study and
inability to calculate the number of TN due to 40% of our
cases without ALND. In addition, invasive localization pro-
cedure is not required preoperatively and it is not necessary
to verify removal of a clip or radioactive seed in surgical
specimen during surgery using specimen mammography. In
patients with much favorable nodal response to NCT who
are a potential candidate of SLNB, even specialized radiolo-
gists may have difficulty to detect a clip in an ALN by ultra-
sound and mammographic detection or targeting might be
performed before surgery. However, black-color charcoal

Seho Park, Metastatic ALN Tattooing and SLNB after NCT

Fig. 2. Intraoperative photographs and pathologic slides of a sentinel lymph node. (A) Charcoal tattoo (black arrow) and
blue dye (blue arrow) tracks during axillary surgery. (B) Excised sentinel node marked with the tattoo and blue dye. Low-
power field (H&E staining, 20) (C) and high-power field (H&E staining, 100) (D) microscopic views show tattoo pigments
with no residual metastatic carcinoma in the sentinel node.

A B

C D
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was easily detected during surgery without any additional
mechanical device or equipment. Clinically negligible risk of
charcoal migration or absorption was presented in this study
and additional radiation hazard did not exist. However,
long-term benefits and complications of charcoal tattooing
should be further validated using large cohort studies.   

According to predefined SLNB and pathological node 
response, the FNR of this study with a small cohort was
worse than that of a prior meta-analyses [20,21]. However,
when the protocols of the SN FNAC study were followed,
the performance of SLNB was comparable when ypN0(i+)
was considered node-positive [8]. Although the clinical rele-
vance of very small residual nodal disease after NCT remains
unclear [22], the more number of SLNs retrieved or the wider
type of axillary surgery increased the accuracy of SLNB. Sim-
ilar to this study, Mamtani et al. [23] reported that at least
three SLNs including abnormally palpable nodes during sur-
gery could be removed in 86% of patients, but the SENTINA
and ACOSOG Z1071 studies reported that approximately
one-third to one-half of patients could have  3 SLNs 
retrieved, respectively [6,7]. It is challenging to determine
whether  3 SLNs can be retrieved in the majority of patients
after NCT.

Persistently suspicious ALN metastasis after completion
of NCT is not an indication for SLNB in initially node-posi-
tive patients [9,18]. In the ACOSOG Z1071 trial, approxi-
mately 70% of patients presented normalized nodal features
on axillary ultrasound after NCT and these patients showed
acceptable SLNB performance with a FNR of 9.8% [24]. Cur-
rent cohorts with favorable nodal response to NCT seen on
preoperative work-ups also demonstrated better perform-
ance of SLNB with tattooing. Therefore, axillary restaging by
image modalities after NCT could inform patient selection
and further improvements of optimal techniques should be
investigated in this setting [19]. In addition, molecular phe-

notypes are well-known predictive factors of NCT response.
Although the small sample size in this study was not conclu-
sive, luminal subtypes showed better performance than non-
luminal subtypes in contrast to findings from prior studies
[3,25]. More research is needed to answer the remaining
questions.

Basically, SLNB should be used to excise hot and/or blue
nodes detected by dual tracers as well as suspicious enlarged
cold and non-blue ALNs intraoperatively in both adjuvant
and neoadjuvant settings [26,27]. In the present study, 11 
patients underwent suspicious ALN sampling including five
tattooed node excisions and of them, three (27.3%) showed
additional two residual macronodal and one residual 
micronodal metastasis from the sampled ALNs. According
to the practically recommended SLNB technique, the per-
formance of the modified SLNB in this study was the best.
Our results again emphasize the removal of suspiciously
cold or non-blue ALNs during SLNB. However, considering
the chance of non-palpable partial nodal response to NCT
and the need for balance between surgical morbidity and 
diagnostic accuracy, charcoal marking at diagnosis followed
by excision of the biopsy-proven ALN after NCT, so called
targeted axillary dissection, can be one of the best ways to
improve the performance in concordance with suggestions
from the ACOSOG Z1071 study [10,28]. Furthermore, there
was no significant difference in clinicopathological parame-
ters between patients with tattooed ALN included in SLNB
and axillary sampling, suggesting the importance of the
marking technique itself to achieve successful targeted axil-
lary dissection. 

Patterns of lymphatic drainage to SLNs in breast cancer are
known to be individual characteristic and are even detected
in internal mammary chains by lymphoscintigraphy [29].
Langer’s axillary arch, an anatomical variation, is found in
7% to 10% of cases during surgery or by preoperative diag-

Cancer Res Treat. 2018;50(3):801-812

Fig. 3. Images and tattooed sentinel node of a patient with an axillary arch. (A) The 18F-fluorodeoxyglucose (FDG) positron
emission tomography–computed tomography (PET-CT) scan shows increased FDG uptake by the metastatic axillary lymph
node in the level I left axilla (arrow). (B) The PET-CT scan demonstrates the left axillary arch that is also known as the axil-
lopectoral muscle (double arrow). (C) The hot and tattooed sentinel lymph node is retrieved.
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nosis and can affect SLNB [30]. A 47-year-old woman who
underwent SLNB guided by only a radioisotope had a left
axillary arch noted in her initial diagnostic work-up, but her
tattooed node with the third intensity of modest uptake was
unexpectedly located in the deep portion of the axilla during
surgery, which might have been missed if done without cau-
tion (Fig. 3). Fortunately, guided by the tattoo track, the
biopsy-proven tattooed SLN could be easily removed and
technical mistakes were prevented. Although the clinical 
impact of the axillary arch on SLNB in this setting is currently
uncertain, these rare circumstances can be happen to anyone
and should be kept in mind.  

In conclusion, our initial experience with charcoal tattoo-
ing of cytology-confirmed metastatic ALN at presentation
showed technical feasibility without significant morbidity in
breast cancer patients treated with NCT. SLNB using dual
tracers after NCT is not limited by positive node tattooing
and has been demonstrated to improve accuracy. Further-
more, invasive preoperative localization is not additionally

required to detect the marked node. The tattooing procedure
can prevent technical errors during SLNB. A multicenter
study with a large study population is necessary to deter-
mine the clinical implications of the node-tattooing technique
including long-term side effects and its oncological safety in
this setting.
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Purpose
High-risk human papillomavirus (HPV) infection progression should be considered a critical
factor for preventing cervical cancer, although most infections are transient and rarely per-
sist. This study aimed to examine the specific types of HPV infections, their change patterns,
and the potential risk factors among Korean women.

Materials and Methods
We included 4,588 women who visited hospitals in Busan and Suwon for cervical cancer
screening, and 1,224 of these women attended a 2-year follow-up. Infection status was eval-
uated using HPV DNA testing (Hybrid Capture 2) and genotyping testing (Linear Array). Data
regarding the potential risk factors for HPV infection were collected by trained nurses using
structured questionnaires. 

Results
Among the 1,224 women (mean age, 47 years), 105 women (8.6%) were HPV-positive at
baseline. HPV infections had been cleared among 92 women (87.6%) within 2 years. Only
13 infections (12.4%) were remained, and the 10 cases of them are high-risk HPV types 
including genotype 33, 45, 16, 35, and 52. Among women who were negative at baseline,
the HPV incidence was 4.8%. The HPV incidence was marginally associated with having
multiple sexual partners (odds ratio, 2.0; 95% confidence interval, 1.0 to 3.9), although it
was not significantly associated with HPV persistence.

Conclusion
Most HPV infections (88%) among Korean women were cleared within 2 years, with only a
small number of persistent infections. The persistent HPV genotypes were different in our
study, compared to those from previous studies. Having multiple sexual partners was 
associated with acquiring a HPV infection, but not with persistence.
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Human papillomavirus, Genotype, Persistence, Clearance, 
Incidence 
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Introduction

Human papillomavirus (HPV) infection can cause cervical
cancer, and the cancer burden attributed to this infection
varies according to geographical region and the genotype of
people who are infected with HPV. It is most prevalent in
Africa, Asia, and some European countries, compared to
other regions of the world. Thirteen high-risk HPV (HR-
HPV) types, which are carcinogenic or presumed to be car-
cinogenic in humans, are frequently detected in patients who
develop cervical cancer. For example, HPV types 16 and 18
account for approximately 70% of all cervical cancer cases
[1]. Several epidemiological studies have evaluated the geno-
type-specific prevalences of HPV, factors that influence HPV
acquisition, and the risk of cervical cancer development 
according to HPV infection status [1-4]. Furthermore, there
are various factors that influence cervical cancer develop-
ment, including viral infection and host factors. Thus, the
prevention of cervical cancer relies on our understanding of
the progression of HR-HPV infections, which involves per-
sistence, clearance, new infections, and other determinant
factors. However, most HPV infections are transient and

rarely persist [5,6]. Only a few studies in specific countries
and populations have considered the HPV genotype-specific
incidence, persistence, clearance, and new infections [7-17].
Furthermore, only a few studies have evaluated the natural
history of HPV infections in Asian countries, where the
prevalence of HPV is high. Moreover, the association with
cervical cancer development has been highlighted as a major
health issue among women. In Korea, the prevalence of HPV
is approximately 20% among women with normal cytology,
based on the Papanicolaou test (Pap test) [18]. In addition,
cervical cancer is a leading cancer among Korean women,
with an age-standardized incidence of 9.5/100,000 women
in 2012 [19]. Despite these data, there is a lack of Korean stud-
ies regarding changes in HPV infection status and the factors
that contribute to these changes. Therefore, the present study
aimed to examine HPV type-specific infections, their change
patterns, and the factors that were involved in these changes,
based on two HPV tests that were performed 2 years apart
for Korean women who visited two centers.

Cancer Res Treat. 2018;50(3):813-822

Fig. 1. Participants in baseline and follow-up survey and their classification by the status of human papillomavirus (HPV)
infection. LA, linear array.

LA HPV positive at baseline
(105 women)

Follow-up survey in 2007-2008 (1,224 women)

4,588 women

7 Women excluded (insufficient sample for LA)

Baseline survey in 2004-2006 (4,595 women)

LA HPV positive 
(13 women)
(persistence)

LA HPV negative 
(92 women)
(clearance)

LA HPV positive 
(54 women)
(incidence)

LA HPV negative 
(1,065 women)

LA HPV negative at baseline 
(1,119 women)

HPV positive by LA
(305 women)

HPV negative by LA
(4,283 women)
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Materials and Methods

1. Study population

This retrospective study evaluated prospectively collected
data from a baseline test and a test at the 2-year follow-up.
A total of 4,595 women visited government-affiliated hospi-
tals in Busan and Suwon (Korea) for baseline testing between
November 2004 and December 2006, as part of the National
Cervical Cancer Screening Program. Among these women,
1,224 women subsequently attended the follow-up testing
during 2007 and 2008. The details of the baseline testing have
been described elsewhere [5], and Fig. 1 shows the inclusion
and exclusion criteria for the present study. 

2. Data collection

Data regarding the potential risk factors for HPV infection
were obtained using questionnaires at the baseline test. A
trained research nurse interviewed each participant and
completed the structured questionnaire regarding their
socio-demographic characteristics (age, marital status, edu-
cational level, and age at marriage), lifestyle behaviors
(smoking, alcohol drinking, and number of sexual partners),
obstetrical and reproductive history (parity, age of women
at first childbirth, oral contraceptive use, intrauterine device
use, and hormone therapy), and clinical characteristics (sex-
ually transmitted disease histories for the participant and
their partner, family and individual cancer history, and cer-
vical screening history).

The outcome variable was based on the results from two
HPV tests at the baseline and follow-up testing. The results
were categorized according to the HPV infection change sta-
tus: (1) type-specific persistence (positivity for the same HPV
DNA type in both tests), (2) type-specific HPV clearance 
(a negative result for a specific HPV type after a previously
positive result), and (3) incident HPV infection (a change
from HPV DNA negativity at baseline to HPV DNA positiv-
ity at the follow-up test). The HPV testing was performed
using the Hybrid Capture 2 system (HC2; Digene, Gaithers-
burg, MA), and HPV genotyping was performed on HC2-
positive samples using a Linear Array assay (LA; Roche
Molecular Systems, Branchburg, NJ) [20].

3. Statistical analysis

The proportions of HPV type-specific persistence and
clearance were calculated among the 105 women who were
HPV-positive, based on their baseline LA results. The inci-
dences of new HPV type-specific infections were calculated
among the 1,119 women who were HPV-negative, based on

their baseline LA results. Pearson’s chi-square test and Fis-
cher exact test was used to assess the frequency distributions
of potential risk factors for changing HPV infection status.
Logistic regression analyses were also used to evaluate the
role of potential risk factors in the changes in HPV infection
status. Associations were reported as odds ratios (ORs) and
95% confidence intervals (CIs). All tests were two-sided, and
a p-value of < 0.05 was considered statistically significant.
All analyses were performed using STATA software ver. 13
(StataCorp LP, College Station, TX).

4. Ethical statement

The study protocol was approved by the Institutional 
Review Board of the National Cancer Center, and all partic-
ipants provided written informed consent at the baseline test.

Results

Among the 4,588 women who participated in the baseline
survey, only 1,224 women were followed-up and included
in the present analysis. When we compared the participants
from the baseline and follow-up testing, we did not observe
any noticeably differences in their socio-demographic, 
behavioral, and reproductive characteristics, or in their HPV
infection rates (S1 Table). The mean patient age at baseline
was 47 years (range, 21 to 66 years), most participants were
married or cohabitating, 17% of the participants had  2 sex-
ual partners during their lifetime, and the prevalence of HPV
infections was 8.6%. At the 2-year follow-up, the prevalence
of HPV infection decreased to 6.0%. All participants and the
high-risk group for HPV infection were most likely to live in
Busan, have  2 sexual partners during their lifetime, have a
family history of cancer, and have a history of HPV infection
at baseline (Table 1).

Among the 105 HPV infections from the baseline, only 13
infections (12.4%) were remained, and the 10 cases of them
are HR-HPV types including genotype 33, 45, 16, 35, and 52.
Among the 1,119 women who tested negative at the baseline,
54 women (5%) exhibited new HPV infections at the follow-
up. The most frequent HPV genotypes found in new infec-
tion cases were genotypes 39, 52, 16, 51, and 58 (Table 2).

Persistent HPV infections were relatively common among
unmarried women, women with  2 more sexual partners
during their lifetime, and women with a family history of
cancer. Cleared and new infections were relatively common
among women with a history of a sexually transmitted dis-
ease or Chlamydia infection. Persistent and new infections
were more common in Busan, compared to Suwon (Table 3).
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Total    Overall HPV HR HPV 
Characteristic (n=1,224) infectiona) (n=73) infectiona) (n=52)

No. (%) No. (%) p-value No. (%) p-value
Region

Busan 579 (47.3) 57 (9.8) 0.0001 41 (7.1) 0.001
Suwon 645 (52.7) 16 (2.5) 11 (1.7)

Age group (yr)
< 39 223 (18.2) 15 (6.7) 0.897 11 (5.0) 0.913
40-49 529 (43.2) 29 (5.5) 23 (4.3)
50-59 401 (32.8) 25 (6.2) 16 (4.0)
 60 71 (5.8) 4 (5.6) 2 (2.8)

Marital status
Unmarried (single, divorced, and widower)  204 (16.7) 16 (7.8) 0.214 10 (4.9) 0.612
Married (married and cohabitant)               1,020 (83.3) 57 (5.6) 42 (4.1)

Education level
None/Elementary/Middle school 496 (40.5) 34 (6.8) 0.277 24 (4.8) 0.398
High school/University/ Master 728 (59.5) 39 (5.4) 28 (3.8)

First marriage age (yr)      
< 25 402 (41.7) 26 (6.5) 0.169 19 (4.7) 0.125
 25 561 (58.3) 25 (4.5) 16 (2.8)

Smoking status
Non smoker 1,150 (94.0) 70 (6.0) 1.000 49 (4.2) 0.474
Current smoker 73 (6.0) 3 (5.8) 3 (5.8)

Alcohol drinking
No 856 (69.9) 45 (5.3) 0.111 31 (3.6) 0.097
Yes 368 (30.1) 28 (7.6) 21 (5.7)

Lifetime sexual partners
1 1,003 (82.2) 49 (4.9) 0.001 34 (3.4) 0.003
 2 217 (17.8) 23 (10.6) 17 (7.8)

Extramarital affair
No 1,065 (87.2) 59 (5.5) 0.283 42 (3.9) 0.486
Yes 156 (12.8) 12 (7.7) 8 (5.1)

Parity
1 150 (12.8) 10 (6.7) 0.331 7 (4.7) 0.873
2 719 (61.5) 38 (5.3) 29 (4.0)
 3 300 (25.7) 23 (7.7) 14 (4.7)

Menopause
No 506 (41.4) 35 (6.9) 0.24 22 (4.3) 0.889
Yes 717 (58.6) 38 (5.3) 30 (4.2)

History of STDa)

No 1,155 (95.7) 67 (5.8) 0.231 47 (4.1) 0.274
Yes 52 (4.3) 5 (9.6) 4 (7.7)

Family history of cancer
No 809 (66.1) 38 (4.7) 0.009 24 (3.0) 0.002
Yes 414 (33.9) 35 (8.4) 28 (6.8)

Cervical screening history
No 158 (13.0) 5 (3.2) 0.147 4 (7.8) 0.392
Yes 1,058 (87.0) 67 (6.3) 47 (4.4)

Chlamydia trachomatis at baseline
Negative 1,151 (96.2) 67 (5.8) 0.336 48 (4.2) 0.712
Positive 45 (3.8) 4 (8.9) 2 (4.4)

Table 1. General characteristics of 1,224 study participants at the follow up by HPV infection status 

(Continued to the next page)
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Total    Overall HPV HR HPV 
Characteristic (n=1,224) infectiona) (n=73) infectiona) (n=52)

No. (%) No. (%) p-value No. (%) p-value
HPV status at baseline by LA

Negative                                                                 1,119 (91.4) 54 (4.8) < 0.001 36 (3.2) < 0.001
Positive 105 (8.6) 19 (18.1) 16 (15.2)

Table 1. Continued

HPV, human papillomavirus; STD, sexual transmitted disease; LA, linear array. a)Sample sizes for individual characteristics
may not equal total due to missing values.

HPV positive at baseline (n=105) HPV negative at baseline  (n=1,119)
HPV type Total Persistence at Clearance at Reinfection at Incidence at

follow-upa) follow-upa) follow-upa) follow-upa)

Alla) 105 13 (12.4) 92 (87.6) 12 (11.4) 54 (4.8)
High risk 90 10 (11.1) 80 (88.9) 9 (8.6) 47 (4.2)

HPV 16 10 2 (20.0) 8 (80.0) 0 ( 6 (0.5)
HPV 18 5 0 ( 5 (100) 0 ( 3 (0.3)
HPV 31 1 0 ( 1 (100) 0 ( 3 (0.3)
HPV 33 3 1 (33.3) 2 (66.7) 0 ( 0 (
HPV 35 5 1 (20.0) 4 (80.0) 0 ( 0 (
HPV 39 10 1 (10.0) 9 (90.0) 1 (1.0) 7 (0.6)
HPV 45 4 1 (25.0) 3 (75.0) 1 (1.0) 1 (0.1)
HPV 51 11 0 ( 11 (100) 1 (1.0) 6 (0.5)
HPV 52 15 3 (20.0) 12 (80.0) 4 (3.8) 7 (0.6)
HPV 56 12 1 (8.3) 11 (91.7) 1 (1.0) 4 (0.4)
HPV 58 6 0 ( 6 (100) 0 ( 6 (0.5)
HPV 59 1 0 ( 1 (100) 0 ( 2 (0.2)
HPV 68 7 0 ( 7 (100) 1 (1.0) 2 (0.2)

Low risk 90 7 (7.8) 83 (92.2) 8 (7.6) 48 (4.3)
HPV 6                  3 0 ( 3 (100) 0 ( 0 (
HPV 40 2 0 ( 2 (100) 0 ( 0 (
HPV 42 1 1 (100) 0 1 (1.0) 2 (0.2)
HPV 54 5 1 (20.0) 4 (80.0) 1 (1.0) 3 (0.3)
HPV 53 15 1 (6.7) 14 (94.3) 0 ( 8 (0.7)
HPV 55 6 1 (16.7) 5 (83.3) 2 (1.9) 2 (0.2)
HPV 61 3 1 (33.3) 2 (66.7) 1 (1.0) 4 (0.4)
HPV 62 11 1 (9.1) 10 (98.9) 1 (1.0) 4 (0.4)
HPV 66 15 0 ( 15 (100) 0 ( 1 (0.1)
HPV 70 10 0 ( 10 (100) 1 (1.0) 2 (0.2)
HPV 71 4 0 ( 4 (100) 1 (1.0) 2 (0.2)
HPV 72 2 0 ( 2 (100) 0 ( 1 (0.1)
HPV 81 4 0 ( 4 (100) 0 ( 6 (0.5)
HPV 83 1 0 ( 1 (100) 0 ( 3 (0.3)
HPV 84 6 1 (16.7) 5 (83.3) 0 ( 6 (0.5)
CP6108           2 0 ( 2 (100) 0 ( 2 (0.2)

Table 2. HPV genotype distribution of 1,224 participants at the baseline and their changes at follow-up

Values are presented as number (%). a)Same women can be counted more than once because of multiple infections.
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After adjusting for all potential factors, having  2 sexual
partners exhibited a marginally significant association with
new HPV infections (OR, 2.0; 95% CI, 1.0 to 3.9). No factors

were significantly associated with HPV persistence and
clearance (Table 4). 
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Persistent HPV Overall HPV Incident HPV
Characteristic (n=13) (n=92) (n=54)

No. (%) No. (%) No. (%) p-value
Region

Busan 10 (76.9) 46 (50.0) 42 (77.8) < 0.001
Suwon 3 (23.1) 46 (50.0) 12 (22.2)

Age group (yr)
< 39 2 (15.4) 24 (26.1) 10 (18.5) 0.31
40-49 2 (15.4) 35 (38.0) 25 (46.3)
50-59 8 (61.5) 27 (29.4) 16 (29.6)
 60 1 (7.7) 6 (6.5) 3 (5.6)

Marital status
Unmarried 6 (46.2) 19 (20.6) 8 (14.8) 0.036
Married 7 (53.9) 73 (79.4) 46 (85.2)

Educational level
None/Elementary/Middle school 9 (69.2) 39 (42.4) 23 (42.6) 0.19
High school/University/ Master 4 (30.7) 53 (57.6) 31 (57.4)

Smoking status
Nonsmoker 12 (92.3) 86 (95.9) 53 (98.2) 0.352
Smoker 1 (7.7) 6 (4.1) 1 (1.8)

Alcohol drinking
No 8 (61.5) 58 (63.1) 34 (62.9) 0.201
Yes 5 (38.5) 34 (36.9) 20 (37.1)

Lifetime sexual partners
1 8 (61.5) 64 (70.3) 38 (71.7) < 0.001
 2 5 (38.5) 27 (29.7) 15 (28.3)

Parity
1 2 (16.6) 9 (11.1) 6 (11.3) 0.393
2 5 (41.7) 47 (58.0) 29 (54.7)
 3 5 (41.7) 25 (30.9) 18 (34.0)

Hormone therapy use
Never user 9 (100) 31 (81.6) 20 (83.3) 0.478
Ever user 0 ( 7 (18.4) 4 (16.7)

History of STD
No 12 (100) 85 (92.4) 49 (90.7) 0.078
Yes 0 ( 7 (7.6) 5 (9.3)

Family history of cancer
No 5 (38.5) 57 (62.0) 29 (53.7) 0.021
Yes 8 (61.5) 35 (38.0) 25 (46.3)

Chlamydia trachomatis at baseline 
Negative 13 (100) 82 (90.1) 49 (94.2) 0.019
Positive 0 ( 9 (9.9) 3 (5.8)

Table 3. Factors associated with type specific HPV persistence, clearance, and incidencea)

HPV, human papillomavirus; STD, sexual transmitted disease. a)Sample sizes for individual characteristics may not equal
total due to missing values.
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Discussion

The present study provided information regarding HPV
genotype-specific infections and their change patterns
among Korean women. These data are important, because
relevant data are sparse in this population, despite the preva-
lence of HPV infection and incidence of cervical cancer. Fur-
thermore, ours is the first report regarding the natural history
of HPV infection among Korean women who visited clinics
or hospitals for routine health examinations (e.g., cervical
cancer screening), rather than for the diagnosis or treatment
of gynecological symptoms. Moreover, we performed both
HPV LA and HPV genotyping to confirm the HPV type-spe-
cific changes that occurred during the course of the patients’
infections.

Most infections (87.6%) were cleared within 2 years, 
although 5% of women developed new HPV infections dur-
ing this time. These results are consistent with findings from

previous reports, which suggested that up to 90% of incident
infections are cleared within 2 years [5], and that the esti-
mated half-life of HR-HPV infections is 8-10 months [6].
However, HPV persistency varies according to country, and
our results revealed a lower persistency (12.4%), compared
to results from previous studies in Brazil (19.2%) [9], Italy
(49.1%) [16], Denmark (31.4% [21] and 26.9% [12]), the United
States (39%) [10], and the Netherlands (44.1%) [22]. These dif-
ferences may be related to differences in the target popula-
tions, who may have different potential risks for persistent
infection, and/or differences in the baseline and follow-up
testing interval. Nevertheless, the result from a meta-analysis
on the patterns of HPV persistence worldwide, the persist-
ence rate tends to decrease with time passed after infection
[23]. The association between age and HPV persistence 
remains controversial. A review of the natural history of
HPV infection suggests that age indirectly affects HPV per-
sistence [24], while others studies have reported that younger
age is associated with an increased risk of persistence [9,21].

Cecile Ingabire, HPV Persistence and Risk Factors in Korea

HPV positive at baseline HPV negative at baseline

Characteristic Total HPVa)
Persistent HPV

Adjusted OR Total HPVa)
Incident HPVa)

Adjusted OR
(n=105)

(n=13)
(n=1,119)

(n= 54)
No. (%) OR (95% CI) No. (%) OR (95% CI)

Age group (yr)
< 39 26 2 (7.7) Ref 197 10 (5.1) Ref
40-49 37 2 (5.4) 1.0 (0.1-8.8) 492 25 (5.1) 1.2 (0.5-3.9)
50-59 35 8 (22.7) 4.6 (0.7-29.0) 366 16 (4.4) 1.0 (0.4-2.4)
 60 7 1 (14.3) 3.4 (0.3-60.1) 64 3 (4.7) 1.1 (0.3-4.2)

Smoking status
Non-smoker 98 12 (12.2) Ref 1,074 53 (4.9) Ref
Current smoker 7 1 (14.3) 1.7 (0.1-21.7) 44 1 (2.3) 0.3 (0.1-2.4)

Lifetime sexual partners
1 72 8 (11.6) Ref 931 38 (4.1) Ref
 2 32 5 (15.6) 1.6 (0.4-7.0) 185 15 (8.1) 2.0 (1.0-3.9)

Family history of cancer
No 62 5 ( 8.1) Ref 747 29 (3.9) Ref
Yes 43 8 (18.6) 4.0 (0.9-17.2) 371 25 (6.7) 1.7 (0.9-3.1)

History of STD
No 97 12 (13.4) Ref 1,058 49 (4.6) Ref
Yes 7 0 ( - 45 5 (11.1) 2.3 (0.8-6.2)

Chlamydia trachomatis at baseline
Negative 95 13 (13.7) Ref 1,056 49 (4.6) Ref
Positive 9 0 ( - 36 3 (8.3) 1.3 (0.3-5.5)

Table 4. ORs and 95% CI of potential factors associated with HPV persistence, and incidence

Adjustment was done using all variable presented in this table except region. OR, odds ratio; CI, confidence interval; HPV,
human papillomavirus; STD, sexually transmitted diseases. a)Sample sizes for individual characteristics may not equal to
total due to missing values. 
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Our results were similar to the persistence rate among young
Korean women (17-26 years), despite the differences in the
study populations’ ages and the higher rate of new HPV 
infections among young Korean women [8]. The present
study also revealed that the most persistent HPV type was
HPV 33, which was followed by genotypes 45, 16, 35, and 52.
These results are different with the findings from previous
studies, which revealed that HPV 16 and 18 were the most
prevalent incident and persistent HPV types [9,16,21,23]. 

After adjusting for potential risk factors, we did not 
observe any significant associations with HPV persistence.
Some studies have revealed similar findings, although other
studies have revealed significant positive [11,12,16,25] or 
inverse [9,21] associations between age and HPV persistence,
including a large retrospective study of Korean women. 
Another study found that smokers were likely to have per-
sistent HPV infections [22]. In the present study, the number
of sexual partners was the only factor to exhibit a marginal
association with new HPV infections, and this result is simi-
lar to the findings from previous studies [26-28]. The current
findings including distributions of HPV genotype-specific
infections and their change patterns among Korean women
may help improve our understanding of the natural history
of HPV infection in the same populations, and facilitate the
development of prophylactic vaccines for specific popula-
tions. 

The present study has several limitations that warrant con-
sideration. First, there is the possibility of selection bias,
based on the low follow-up participation rate. However, the
participants exhibited similar characteristics at the baseline
and follow-up testing, although HPV positivity was slightly
more common at the follow-up (10.1%), compared to the
baseline (7.7%) (S1 Table). These differences are unlikely to
have significantly influenced our findings. Second, the small
samples of women who were followed-up and women with
HPV (n=105) might have influenced the absence of signifi-
cant associations between HPV persistence and the potential
risk factors in the multivariate analyses. Furthermore, the
number of sexual partners not during the last two years
when participants followed up but during their life time was
included as one of important factors involving HPV infection
status and their change. It could be linked to insignificant 
results on the association between sexual behaviors and
change of HPV infection status. Nevertheless, our results 
regarding HPV change patterns evaluated a large number of
Korean women at the baseline (n=4,558), and lifetime sexual
behavior could represent overall tendency of sexual behav-
iors even if it is not the specific sexual behaviors change dur-
ing the time followed up. Third, detailed data regarding the
natural history of HPV infection should be obtained using
long-term studies with repeated measurements over shorter
intervals (e.g., every 6 months or every year), and we only

evaluated HPV infection status after a 2-year interval. Also,
information on further diagnosis and treatment such as Pap
smear, colposcopic biopsy, and laser therapy during the fol-
low up periods, which might be important factors associated
with change of HPV infection status, were not available in
this study. Fourth, HPV genotyping was only performed for
HPV LA-positive cases at the baseline, although there was
disagreement between the test results from HPV LA (6.0%)
and HPV HC2 (7.0%) (data not shown). However, the corre-
lation of HPV LA with HR HPV positivity is higher than that
with HPV HC2, and this level of disagreement is likely 
acceptable, based on previously reported results [29,30]. 

In conclusion, the present study provided information 
regarding changes in HPV status over a 2-year interval
among Korean women. Most infections resolved sponta-
neously, and only small fractions of the women experienced
persistent infections or new HPV infections. The predomi-
nant persistent HPV genotypes were different in our study,
compared to those from previous studies. We also found a
marginally significant association between sexual behavior
and HPV infection, but not with HPV persistence or clear-
ance. Further large-scale studies are needed to better under-
stand the natural history of HPV infections and the factors
that are associated with HPV type-specific change patterns.
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APEX1 Polymorphism and Mercaptopurine-Related Early Onset 
Neutropenia in Pediatric Acute Lymphoblastic Leukemia 

Original Article

Purpose
Mercaptopurine (MP) is one of the main chemotherapeutics for acute lymphoblastic
leukemia (ALL). To improve treatment outcomes, constant MP dose titration is essential to
maintain steady drug exposure, while minimizing myelosuppression. We performed two-
stage analyses to identify genetic determinants of MP-related neutropenia in Korean pedi-
atric ALL patients.

Materials and Methods
Targeted sequencing of 40 patients who exhibited definite MP intolerance was conducted
using a novel panel of 211 pharmacogenetic-related genes, and subsequent analysis was
performed with 185 patients.

Results
Using bioinformatics tools and genetic data, four functionally interesting variants were 
selected (ABCC4, APEX1, CYP1A1, and CYP4F2). Including four variants, 23 variants in 12
genes potentially linked to MP adverse reactions were selected as final candidates for sub-
sequent analysis in 185 patients. Ultimately, a variant allele in APEX1 rs2307486 was found
to be strongly associated with MP-induced neutropenia that occurred within 28 days of ini-
tiating MP (odds ratio, 3.44; p=0.02). Moreover, the cumulative incidence of MP-related
neutropenia was significantly higher in patients with APEX1 rs2307486 variants, as GG
genotypes were associated with the highest cumulative incidence (p < 0.01). NUDT15
rs116855232 variants were strongly associated with a higher cumulative incidence of neu-
tropenia (p < 0.01), and a lower median dose of tolerated MP throughout maintenance
treatment (p < 0.01). 

Conclusion
We have identified that APEX1 rs2307486 variants conferred an increased risk of 
MP-related early onset neutropenia. APEX1 and NUDT15 both contribute to cell protection
from DNA damage or misincorporation, so alleles that impair the function of either gene
may affect MP sensitivities, thereby inducing MP-related neutropenia.
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NUDT15, APEX1, 6-Mercaptopurine, Neutropenia, 
Acute lymphoblastic leukemia, Pediatrics
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Introduction

Acute lymphoblastic leukemia (ALL) is the most common
hematologic malignancy in children [1]. Prolongation of ther-
apy by incorporating a maintenance phase, containing mer-
captopurine (MP) has improved outcomes in pediatric ALL
[1]. However, MP has a narrow therapeutic index with com-
mon dose-limiting toxicities in hematopoietic tissues [2].
During the maintenance phase that continues for 1 to 2 years,
patients with ALL must take MP daily. MP-related toxicities
are most likely to occur during the maintenance phase if a
patient has a susceptible genotypic trait for low metabolism,
so treatment interruption can be frequent. Because high-intra
individual variability in responses to thiopurine exposure
can negatively affect ALL treatment outcomes [3], constant
MP dose titration to maintain steady thiopurine exposure
while minimizing toxicity is important.

In previous studies, thiopurine methyltransferase (TPMT),
which is involved in methylating MP metabolites, is known
to be one of the most critical genes in the pharmacogenetics
of MP [4]. Patients with a nonfunctional variant allele of
TPMT have lower TPMT enzyme activity, and consequently
6-thioguanine nucleotide (6-TGN) excessively accumulates
in hematopoietic tissues and frequently causes hematopoietic
toxicity. These findings lead to the concept of individualized
MP dosing according to TPMT genotype; however, the fre-
quency of the variant allele of TPMT is lower in Asian than
Caucasian patients [5]. Therefore, determination of TPMT
polymorphisms has limited clinical benefit for children with
ALL in most Asian countries [6]. In practice, most of East
Asian patients still show sensitivity to MP after adjusting for
TPMT variants, suggesting the existence of other yet 
unknown factors that are related to MP sensitivity.

Recently, a single nucleotide polymorphism (SNP) of 
nucleoside diphosphate-linked moiety X-type motif 15
(NUDT15) has been associated with thiopurine-induced
myelosuppression in pediatric patients with ALL and inflam-
matory bowel disease [2,7-9]. Although recent studies have
shown a strong correlation between the NUDT15 rs1168-
55232 SNP and major MP toxicity, careful evaluations of 
potential additive effects with other candidate genetic loci
are still needed.

In our present study, we used targeted sequencing with
bioinformatics analysis to identify genetic determinants of
MP-related adverse effects in Korean pediatric patients with
ALL.

Materials and Methods

1. Patients and treatment

Among patients diagnosed with ALL at Seoul National
University Children’s Hospital, 185 patients for whom sam-
ples and informed consent was available were included.
Bone marrow aspirates or peripheral blood at complete 
remission were obtained for sequencing. Patients were 
assigned to the standard-risk group if they were 1 to 9 years
of age at the time of diagnosis with a white blood cell (WBC)
count of less than 50109/L; all other patients were assigned
to the high-risk group. Patients underwent hematopoietic
stem cell transplantation (HSCT) if they had one or more of
the following criteria: age younger than 1 year, hypodiploidy,
the presence of t(9;22), a WBC count equal to or greater than
200109/L, or the 11q23 rearrangement.

At our institution, the planned dose of MP was modified
from 75 to 50 mg/m2 based on our institutional experiences,
as many patients who had been given the same dose under
the original CCG protocol exhibited moderate to severe tox-
icities during MP administration [10]. Doses of MP during
maintenance were adjusted to maintain a WBC count of 2.0-
3.5109/L with an absolute neutrophil count (ANC) over
500/µL, and hepatotoxicity related dose modifications were
performed at the discretion of the treating physician. All
doses of drugs were not prospectively adjusted based on 
patient genotypes.

Medical records from all patients were retrospectively 
reviewed, including complete blood cell counts, total biliru-
bin, serum liver enzyme levels, and the frequency and first
date of neutropenia noted during maintenance. Records of
MP and methotrexate (MTX) doses were collected on a cycli-
cal basis (12 weeks) and the dose in the final maintenance
cycle was considered to be the maximum tolerated dose for
each patient.

2. Primary targeted sequencing and analysis 

Subjects were selected for targeted sequencing among
those patients who could not tolerate a full dose MP, as their
final dose at the last maintenance cycle was less than 25% of
the initial planned dose at the maintenance phase (50
mg/m2/day). Finally, a total of 40 patients were selected as
a representative cohort for prominent MP intolerability. Tar-
geted sequencing was conducted using a novel pharm-gene
panel to screen for suspected genetic determinants of MP-
related toxicities. This panel included the exomes of 147
pharmacogenetic-related genes and 84 SNPs that were
known to be involved in the metabolism of various drugs;
the size of the total targeted region was 464,798 base pairs
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(S1 and S2 Tables). The range of amplicons amplified by
these oligo primer pairs ranged from 125 to 275 bp, and the
rate of “on target” coverage for this panel was 96.74%.

Polymerase chain reaction (PCR) assays were performed
directly to amplify 10 ng of genomic DNA samples to collect
the target regions using the oligo primer pairs of the panel.
After amplification, Library construction was performed by
using the Ion Ampliseq library kit 2.0 as described in the
manufacturer's instructions (Life Technologies, Carlsbad,
CA). Libraries were diluted to ~10 pM. Subsequently, 2.27
µL of the barcoded libraries were combined in sets of 40 bar-
codes.

The combined libraries were sequenced using the Ion Pro-
ton platform, following the manufacturer's instructions (Life
Technologies). A mean depth of sequencing that ranged from
450 to 470 was obtained, which was a sufficient depth to
interrogate the target regions for mutations. Raw reads were
initially mapped to the human reference genome build
(GRCh37) using the Torrent Mapping Alignment Program
(TMAP). Genome Analysis Toolkit 2.8-1, HaplotypeCaller,
was used to call single nucleotide variants and short inser-
tions/deletions [11].

After sequencing, variants that fulfilled the following cri-

teria were selected (Fig. 1). First, variants predicted to have
functional alterations on gene products (i.e., nonsense, mis-
sense, frameshift, or splice site) were selected. Second, vari-
ants predicted to be deleterious by at least one of three
bioinformatics tools, which are scale-invariant feature trans-
form (SIFT; http://sift.jcvi.org/) [12], PolyPhen2 (http://
genetics.bwh.harvard.edu/pph2/) [13], and combined 
annotation dependent depletion (CADD; http://caxdd.gs.
washington.edu/) [14], were selected. Next, for all variants
identified, the odds ratio (OR) of those variants for cases
compared with controls were calculated considering the 
effect of the NUDT15 rs116855232 variant. Those individuals
who did not carry the rs116855232 variant were subgrouped,
and variants present at a higher frequency (OR > 1) were 
obtained among these cases. Finally, the relative risk of those
variants for cases compared with an East Asian population
(1000 Genomes project, Phase 3, http://www.1000genomes.
org/) [15] was calculated in the same way. Only those posi-
tions that were significantly associated (p < 0.05) with higher
occurrence (OR > 1) among all cases were selected. We 
reviewed read-level alignment status of Binary Alignment
Map files to identify false-positive calls which can be intro-
duced by technical and/or algorithmic issues like misalign-
ment and true-negative calls due to off-target regions.

3. Subsequent candidate gene analysis

Subsequent analysis of suspected determinant genes based
on the primary sequencing results was conducted using a
candidate gene approach. Candidate genes were also 
selected by considering previous clinical studies in which
genes exhibited polymorphisms that were reported to be 
associated with the pharmacokinetics and pharmacodynam-
ics of MP [4]. We analyzed 185 samples by an array-based
high throughput method to simultaneously detect multiple
positions using SNPtype and SNaPshot assays.

In the SNPtype assay, 40 ng of genomic DNA flanking the
interested SNP was amplified by PCR with a STA primer set.
PCR was performed as described in the manufacturer's 
instructions (Fluidigm, San Francisco, CA). After amplifica-
tion, the SNPtype assay reaction was carried out as described
in the manufacturer's instructions. SNP analysis was per-
formed using Fluidigm SNP Genotyping Analysis software
ver. 4.0.1 (S3 Table).

The SNaPshot assay was performed according to the man-
ufacturer’s instructions (ABI PRISM SNaPShot Multiplex kit,
Foster City, CA). Analyses were carried out using Genemap-
per software ver. 4.0 (S4 Table). 

We analyzed 185 samples using a SNPtype assay for 21 
positions in 12 genes and a SNaPshot assay for two positions
in two genes.

Hyery Kim, Pharmacogenetics in Pediatric ALL

Fig. 1. Primary targeted sequencing data analysis steps.
SIFT, scale-invariant feature transform; CADD, combined
annotation dependent depletion; PP2, PolyPhen2; NP30, 30
patients with neutropenia; CTRL6, 6 patients without neu-
tropenia; EAS490, 490 East Asian data.

2,015 loci

36 Individuals and 490 East Asians
who do not carry rs116855232

Select nonsense, missense, frameshift, splice site variants

SIFT ! 0.05 or CADD " 10 or PP2 " 0.85

(NP30 vs. CTRL6) OR > 1

(NP30 vs. EAS490) OR > 1 and Fisher's exact test p < 0.05

Exclude poor quality reads 

4 Significant variants (4 genes)

598 loci

310 loci

73 loci

7 loci

4 loci
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4. Statistical analysis

Significant associations between categorical variables, such
as the frequency of neutropenia and SNPs, were identified
using chi-square or Fisher exact tests. Odds ratios and 95%
confidence intervals (CI) associated with each SNP were 
determined using logistic regression assuming log-additive
and dominant genetic models of inheritance. Comparisons
of the administered dose percentage according to each SNP
group were analyzed using the T-test or ANOVA for para-
metric data or the Mann-Whitney U or Kruskal-Wallis test
for nonparametric data. Cumulative incidence curves were
made using the method of Fine and Gray [16], comparisons
were performed by Gray’s test [17]. Cox-regression test was
conducted for the multivariate analysis. Sequence data analy-
sis, competing risk estimations, Cochran-Armitage trend test,
and Cox-regression analysis were conducted using R (3.2.2,
http://www.r-project.org/), and other analyses was carried
out with SPSS ver. 20.0 (IBM Corp., Armonk, NY) with a
threshold of statistical significance of p < 0.05.

5. Ethical statement

This study was approved by the Institutional Review
Board of Seoul National University Hospital (H-0611-021-
189). Informed written consents for blood sampling and
analyses were obtained from all participants.

Results

1. Patients and treatments 

A total of 185 patients were analyzed (Table 1), including
110 males and 75 females. The median follow-up duration
was 74.2 months (26.6-235.7 months). The median age of 
diagnosis was 4.9 years (1.1-17.3 years), and 45 patients were
greater than 10 years old at the time of diagnosis. There were
57 patients who were allocated to the standard-risk group,
and one and 56 patients were treated following the modified
CCG-1891 [18] and CCG-1952 [19] protocols. A total of 128
patients were allocated to the high-risk group, and 2, 59, 20,
and 47 patients were treated with the modified CCG-1882A,
CCG-1882B, CCG-1882C [20], and 0601 protocols for Korean
multicenter studies, respectively.

2. Primary targeted sequencing findings

Targeted sequencing was performed on a total of 40 indi-
viduals and those individuals with neutropenia (ANC <

500/µL) were defined as cases for with neutropenia (34 of 40,
85%) (Fig. 1). The median dose percentage of last cycle MP
in these patients was 17.9%. After sequencing, a total of 2,015
variants were identified in 36 individuals who do not carry
rs116855232, which is strongly associated with drug toxicity.
First, we selected 598 variants that potentially had strong 
effects on gene function, including frameshift, nonsense, mis-
sense, and splice site variants. Next, three different bioinfor-
matics tools were applied and 310 positions were selected
that were predicted to be deleterious by at least one of the
three prediction tools (SIFT  0.05, PolyPhen2  0.85, or
CADD  10). To determine whether nonrandom associations
existed between cases and controls, allele/genotype-based
association tests were carried out for those positions that
were identified more than once in each case group. For 310
positions, the OR between the neutropenia cases (NP) and
the matched controls was calculated using Fisher exact test.
A total of 73 loci showed higher associations in NP cases than
in controls, although no significant difference was detected,
possibly because of limited statistical power. To increase the
sample size, we estimated the relative risk for those variants
as compared with 490 East Asians (1000 Genomes Project,
Phase 3) who did not carry the rs116855232 variant. As a 
result, seven significantly associated (p < 0.05) potential risk
variants were identified in NP. We manually reviewed 
Binary Alignment Map files in order to identify false-posi-
tives and excluded three variants which are called due to
misalignment. From these studies, four significant variants
in ABCC4, apurinic/apyrimidinic endonuclease 1 (APEX1),
CYP1A1, and CYP4F2 were selected. Ultimately, 23 variants

Cancer Res Treat. 2018;50(3):823-834

Table 1. Characteristics of the study patients 

CCG, Children’s Cancer Group.

Characteristic No. (n=185)  
Age at diagnosis, median (range, yr) 4.9 (1.1-17.3)

1 year to less than 10 years 140
At least 10 years 45

Sex
Male 110
Female 75

Risk group
Standard-risk patients 57

Modified CCG 1891 1
Modified CCG 1952 56

High-risk patients 128
Modified CCG 1882A 2
Modified CCG 1882B 59
Modified CCG 1882C 20
0601 protocol Korea 47
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Table 2. Frequencies of candidate gene loci subjected to subsequent validation 
Gene rsID Genotype No. of patients (%) (n=185)
NUDT15 rs116855232 CC 142 (77.6)

CT 37 (20.2)
TT 4 (2.2)

APEX1 rs2307486 AA 155 (85.2)
AG 26 (14.3)
GG 1 (0.5)

ABCC4 rs2274407 GG 116 (62.7)
GT 62 (33.5)
TT 7 (3.8)

rs3765534 CC 156 (85.2)
CT 24 (13.1)
TT 3 (1.6)

rs11568658 CC 138 (75.0)
CA 41 (22.3)
AA 5 (2.7)

CYP4F2 rs2108622 CC 81 (44.0)
CT 77 (41.8)
TT 26 (14.1)

CYP1A1 rs4646422 CC 125 (68.7)
CT 51 (28.0)
TT 6 (3.3)

SLCO1B1 rs11045879 TT 74 (40.7)
TC 74 (40.7)
CC 34 (18.7)

rs4149056 TT 129 (70.5)
TC 51 (27.9)
CC 3 (1.6)

ITPA rs1127354 CC 131 (71.6)
CA 47 (25.7)
AA 5 (2.7)

rs7270101 AA 185 (100)
MTHFR rs1801131 TT 128 (69.2)

TG 54 (29.2)
GG 3 (1.6)

rs1801133 GG 61 (33.5)
GA 92 (50.5)
AA 29 (15.9)

rs1901133 GG 84 (45.9)
GA 87 (47.5)
AA 12 (6.6)

GRIA1 rs4958351 GG 178 (96.2)
AG 7 (3.8)

MOCOS rs594445 CC 92 (49.7)
AC 79 (42.7)
AA 14 (7.6)

PACSIN2 rs2413739 CC 155 (85.2)
CT 27 (14.8)

TPMT *1/*1 178 (96.2)
*1/*3C 7 (3.8)
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in 12 genes plausibly linked to or previously implicated in
MP adverse reactions, including four selected variants, were 
determined as final candidates (S5 Table).

3. Candidate gene analysis results

The results of candidate gene analysis are summarized in
Table 2. The distribution of patients with variant alleles were
as follows: NUDT15 rs116855232 (22.4%), APEX1 rs2307486
(14.8%), ABCC4 rs2274407 (37.3%), ABCC4 rs3765534 (14.7%),
ABCC4 rs11568658 (25.0%), CYP4F2 rs2108622 (55.9%),
CYP1A1 rs4646422 (31.3%), SLCO1B1 rs11045879 (59.4%),
SLCOB1 rs4149056 (29.5%), ITPA rs1127354 (28.4%), ITPA
rs7270101 (0%), MTHFR rs1801131 (30.8%), MTHFR rs180-
1133 (66.4%), MTHFR rs1901133 (54.1%), GRIA1 rs4958351
(3.8%), MOCOS rs594445 (50.3%), and PACSIN2 rs2413739
(14.8%). The TPMT allele type was *1/*1 in most patients
(96.2%), while the variant allele was only detected in seven
patients (*1/*3C, 3.8%).

4. MP-related neutropenia during maintenance and geno-
type associations 

Absolute neutrophil counts below 500/µL developed in
121 patients after MP administration during the maintenance
phase (65.4%). When the frequency of MP-related neutrope-
nia was compared with the genetic variant frequencies, neu-
tropenia was significantly more frequent in carriers of a
variant T allele in ABCC4 rs3765534, and was associated with
a 4.64-fold increased risk of prominent neutropenia com-
pared with homozygous wild-type patients (OR, 4.64; 95%
CI, 1.32 to 25.12, p < 0.01) (Table 3). This significant associa-
tion was also present within patients without NUDT15
rs1168552532 variant alleles (n=140), while the odds ratio was
even greater (OR, 6.36; 95% CI, 1.43 to 58.73; p=0.02) in those
patients without the NUDT15 variant.

Considering the first date of neutropenia after MP intake,
early onset neutropenia (within 28 days) was detected in 15
of 121 patients who exhibited neutropenia during mainte-
nance (12.4%), while neutropenia was detected in 106 
patients later than 28 days after beginning maintenance
(87.6%). In cases of APEX1 rs2307486 derived from our pri-
mary targeted sequencing, variants in APEX1 rs2307486
showed no significant correlations with the total frequencies
of MP-related neutropenia. However, considering the onset
of neutropenia, the G allele in APEX1 rs2307486 was strongly
related to early onset MP-related neutropenia (OR, 3.44; 95%
CI, 1.04 to 9.89; p=0.02) (Table 3).

The cumulative incidence of MP-related neutropenia was
significantly higher in patients with variants of ABCC4
rs3765534 (p=0.01) (Fig. 2A) and APEX1 rs2307486 (p < 0.01)
(Fig. 2B). Three patients with a homozygous variant (TT) of

Cancer Res Treat. 2018;50(3):823-834
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ABCC4 developed neutropenia < 500/µL, yielding a cumu-
lative incidence of 100%. There was a correlation with the CT
genotype of ABCC4 rs3765534 and increased cumulative 
incidence of neutropenia as 91.7%, and patients with CC
genotype (wild type) showed cumulative incidence of 60.8%.

Regarding APEX1 rs2307486, there was one individual
with a homozygous variant (GG) of APEX1 who developed
neutropenia < 500/µL at the 21st day of maintenance. The
estimated cumulative incidence of neutropenia at 2 years of

maintenance phase treatment was 73% (95% CI, 50.5 to 86.6)
in those patients with an AG genotype versus 66.3% (95% CI,
57.9 to 73.5) in patients with a wild-type.

NUDT15 rs116855232 variants were also strongly associ-
ated with a greater cumulative incidence of neutropenia, as
it was 100%, 72.2% (95% CI, 53.9 to 84.3), and 65.0% (95% CI,
56.2 to 72.4) in patients with a TT, CT, or CC genotype, 
respectively (p < 0.01) (Fig. 2C). All three patients with the
homozygous variant genotype (TT) developed neutropenia

Hyery Kim, Pharmacogenetics in Pediatric ALL

Fig. 2.  Estimated cumulative incidence of mercaptopurine-related neutropenia according to the ABCC4 rs3765534 (A), APEX1
rs2307486 (B), and NUDT15 rs116855232 (C) genotypes. ANC, absolute neutrophil count.
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at 19, 35, or 42 days in the first cycle of maintenance.
According to the multivariate analysis using Cox-regres-

sion, GG genotype in APEX1 rs2307486 and TT genotype in
NUDT15 rs116855232 showed statistically significant hazard
ratios so that those variants conferred a remarkable 12.03,
and 11.42-fold increase in neutropenia risk (Table 4).

5. MP and MTX doses and genotype associations

Because the doses of MP and MTX were reduced in 
response to toxicity that occurred during maintenance, doses
were gradually adjusted during the first cycle of mainte-
nance in most patients. The majority of patients generally
reach their tolerable doses during the second cycle, and the
doses of MP and MTX during the last maintenance cycle are
considered as the maximum tolerated doses for each patient
to maintain a WBC count without apparent toxicity. 

In our present study, protocol-based doses were 50
mg/m2/day for MP, and 20 mg/m2/wk for MTX. The 
median doses of MP at the second and last cycles in our
study cohort were 22.8 and 23.5 mg/m2/day, respectively,
while those of MTX were 10 and 13 mg/m2/wk (Table 5). We
observed that non-synonymous rs116855232 variants in
NUDT15 predisposed patients to significant MP dose reduc-
tion (Fig. 3A), likely because of increased hematological tox-
icity. Four patients with variant homozygous (TT) for
NUDT15 were highly sensitive to MP with a tolerated dose
at the second cycle of only 8.9 mg/m2/day, compared with
patients with a CT genotype (n=36) or wild-type (n=131) who
tolerated an average dose of 15.6 and 27.4 mg/m2/day, 
respectively (p < 0.01). This effect persisted throughout the
entire maintenance phase, so the average dose during the
final cycle was 5, 17.6, and 26.9 mg/m2/day for patients with

TT, CT, and CC genotypes, respectively (p < 0.01).
The risk allele of rs116855232 was also highly associated

with a lower dose of MTX (Fig. 3B). The average MTX dose
during the second maintenance therapy for patients with TT,
CT, and CC genotypes was 5.4, 7.8, and 11.7 mg/m2/wk, 
respectively (p < 0.01). Additionally, during the final cycle,
tolerance for MTX in patients with the T allele was signifi-
cantly lower than in patients with the C allele (TT:CT:CC=
1.7:10.6:13.1 mg/m2/wk, respectively; p < 0.01).

Discussion

Maintenance therapy in ALL treatment is needed to pre-
vent relapse. Generally, all patients with ALL who are not
candidates for HSCT receive maintenance chemotherapy for
2-2.5 years [1]. Daily MP and weekly MTX with periodic vin-
cristine, prednisone, and intrathecal therapy represent the
backbone of maintenance regimens. The importance of com-
pliance with MP and constant dose titration has been illus-
trated in a previous cohort study that revealed an association
between reduced adherence rates and an increased risk of 
relapse [21].

Therefore, for appropriate dose optimization of MP, many
studies have been conducted on the various genetic factors
associated with MP-related toxicities [4]. Among these fac-
tors, TPMT has been considered to be a major locus in deter-
mining susceptibility to toxicity [1].

Recently, a non-synonymous mutation in NUDT15 was
identified as a strong risk factor for myelotoxicity of MP dur-
ing maintenance therapy for ALL [2,8]. However, most of the

Cancer Res Treat. 2018;50(3):823-834

Table 4. Genotypes affecting mercaptopurine-related neutropenia according to multivariate analysis 
Variable HR 95%  CI p-value
APEX1 rs2307486

AA genotypes (wild type) 1.00 - -
AG genotypes 1.49 0.87-2.53 0.139
GG genotypes 12.03 1.43-101.20 0.022

NUDT15 rs116855232
CC genotypes (wild type) 1.00 - -
CT genotypes 1.25 0.78-2.01 0.358
TT genotypes 11.42 3.35-38.97 < 0.001

ABCC4 rs3765534
CC genotypes (wild type) 1.00 - -
CT genotypes 1.72 1.05-2.80 0.031
TT genotypes 2.11 0.62-7.20 0.232

HR, hazard ratio; CI, confidence interval.

830 CANCER  RESEARCH  AND  TREATMENT



Hyery Kim, Pharmacogenetics in Pediatric ALL

Second cycle Last cycle
No. of Median dose No. of Median dose

patients (%) (mg/m2/day) patients (%) (mg/m2/day)
MP dose (mg/m2/day)

MP < 12.5 38 (20.5) 7.8 51 (27.6) 7
12.5  MP < 25 58 (31.4) 17.9 41 (22.2) 17.4
25  MP < 37.5 37 (20) 27.8 48 (25.9) 31.3
37.5  MP < 50 41 (22.2) 41.7 24 (13) 42.7
MP  50 5 (2.7) 52.1 14 (7.6) 55.7

Total patients 179a) 22.8 178b) 23.5
Methotrexate dose (mg/m2/wk)

MTX < 5 38 (20.5) 3.3 29 (15.7) 7
5  MTX < 10 49 (26.5) 7.9 32 (17.3) 17.4
10  MTX < 15 42 (22.7) 11.8 51 (27.6) 31.3
15  MTX < 20 46 (24.9) 17.7 39 (21.1) 42.7
MTX  20 4 (2.2) 21.3 25 (13.5) 55.7

Total patients 179a) 10 176c) 13

Table 5. Doses of mercaptopurine and methotrexate administered at the second and last maintenance cycles (n=185)

MP, mercaptopurine; MTX, methotrexate. a)Data was not available in six patients, b)Data was not available in seven patients,
c)Data was not available in nine patients.

Fig. 3.  Average doses of mercaptopurine (MP) (A) and methotrexate (MTX) (B) administered during the second and last
maintenance cycles according to the NUDT15 rs116855232 genotype. 
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patients who could not tolerate full dose MP did not have a
known genetic factors.

To determine the genetic factors associated with MP-
related neutropenia, it is necessary to determine whether
neutropenia is associated with the drug. In the later phase of
maintenance therapy, the tolerable dose is continuously 
administered for a while. Therefore, it is difficult to confirm
the association of MP with sudden neutropenia. However,
early onset neutropenia immediately after the start of MP 
administration is likely to have been caused by the new drug,
and thus is of greater value as a phenotype associated with
toxicity.

In this present study, we developed a novel pharm-gene
panel and conducted targeted sequencing of patients who
exhibited MP-related severe toxicity. We carried out candi-
date gene validation to identify genetic determinants of 
MP-related adverse effects in Korean pediatric patients with
ALL. Our analyses revealed that APEX1 SNP rs2307486 con-
ferred an increased risk of MP-related early onset neutrope-
nia. Additionally, the minor allele of APEX1 rs2307486 was
linked to a significantly higher cumulative incidence of 
MP-related neutropenia.

Human APEX1 is the major enzyme in the DNA base 
excision repair pathway [22] where its main role is to create
a nick in the phosphodiester backbone of the apurinic/
apyrimidinic site that is created when DNA glycosylase 
removes a damaged base [23]. Therefore, it is not surprising
that APEX1 has been implicated in sensitivities or resistances
to a wide range of chemotherapeutic agents. Indeed, previ-
ous studies that used small molecule inhibitors established
that APEX1-deficient cells exhibited hypersensitivity to var-
ious DNA-damaging agents, including alkylators and 
antimetabolites. In the previous study of McNeill et al. [22],
APEX1-deficient cells were shown to exhibit the greatest sen-
sitivity to antimetabolites among various anticancer drugs in
an in vivo setting, and consequently apoptotic cell death was
profoundly increased, supporting a role for mutant APEX1
in thiopurine-induced neutropenia.

The rs2307486 variant in APEX1 is a missense mutation,
leading to an A to G change that results in an amino acid
change from isoleucine [Ile] to valine [Val]. The allele fre-
quencies of the variant alleles in rs2307486 were near 0% in
Europeans, 0.08% in Africans, and 1.73% in Americans,
whereas the G allele frequency in East Asian individuals was
4.66% according to the 1000 Genomes database. Thus, we
considered that those East Asians who have a higher fre-
quency of APEX1 variant alleles might be more susceptible
to the variant related effects, whereas Caucasian or European
populations might not be as affected by these variant-asso-
ciated toxicities because of minor allele frequency differences
between ethnic groups. Although we could not identify a
correlation between APEX1 SNP rs2307486 and the total fre-

quency of neutropenia in our patient cohort, the correlation
was significantly strong within the larger East Asian popu-
lation according to the 1000 Genomes database (S6 Table).
This effect of APEX1 variants on MP-related neutropenia
should be replicated in a larger patient cohort in the future.

NUDT15 encodes a nucleoside diphosphatase, which is 
involved in degrading oxidized purine nucleoside triphos-
phates (e.g., 8-oxo-dGTP) via dephosphorylation to prevent
DNA incorporation and to protect cells from damage and
apoptosis [24]. The rs116855232 variant in NUDT15 results
in a missense mutation, and a C to T change in rs116855232
results in an amino acid change from arginine [Arg] to cys-
teine [Cys], which is thought to be as a loss-of-function 
mutation. A recent genome-wide association study in Korean
patients with inflammatory bowel disease reported that the
same NUDT15 variant was associated with thiopurine-
related leucopenia, with each copy of the T allele conferring
a remarkable 35.6-fold increase in neutropenia risk [7]. In our
present study, we established that NUDT15 variants were
significantly associated with MP-induced early neutropenia.

Another interesting finding of our present study was the
correlation between NUDT15 rs116855232 variants and the
average dose of MTX. Chiengthong et al. [9] and Yang et al.
[2] reported previously that NUDT15 rs116855232 variants
were associated with a lower median cumulative MP dose,
which accords with our present data. In ALL maintenance,
MP and MTX doses are usually alternatively reduced in 
response to observed drug toxicity. Therefore, those patients
who exhibit frequent myelosuppression should receive lower
doses of both drugs, and the correlation between the dose
(percent) of MP and MTX in each patient should be linear
[10]. In this regard, patients who have NUDT15 variants
show early and frequent myelotoxicity, so that they had con-
currently reduced doses of both MP and MTX.

The genetic variant in TPMT was not a significant factor
for MP-related toxicities in our present study. Previous stud-
ies confirmed that variant allele frequencies of TPMT in
Asian populations are lower than those in other ethnic
groups. In Caucasians, the most common variant allele is *3A
with an allele frequency of 3.54%, followed by *3C with a fre-
quency of 0.42% [25]. However, in Asian populations, the
*3C allele has only been reported at a rate of 0.9%-1.8%, while
other variant alleles, such as *2, *3A, or *3B, are rarely 
observed [26-28]. Additionally, the homozygous variant is
observed in ~0.33% of Caucasians, but the homozygous vari-
ant is rarely reported in Asian individuals. Therefore, deter-
mining TPMT polymorphisms has only minor clinical
implications in children with ALL in most Asian countries.

In our present study cohort, only five patients were het-
erozygous for the TPMT variant, and the average MP doses
of patients with TPMT *1/*1 compared with *1/*3C were not
significantly different (S7 Fig.). The *1/*3C diplotype is
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known to have intermediate TPMT activity, so the recom-
mended starting dose for MP is a 30%-70% reduced dose
compared with the full dose [25]. This explains our finding
that there was no significant association with TPMT geno-
types because a starting dose of 50 mg/m2/day of MP was
already identical to the reduced dose level recommend by
the Clinical Pharmacogenetics Implementation Consortium
guidelines [25].

In our present study, the ABCC4 rs3765534 variant was
found to be associated with MP-induced neutropenia during
maintenance. ATP-binding cassette sub-family C member 4
(ABCC4), also known as multidrug resistance protein 4
(MRP4), protects cells against thiopurine-induced hemato-
toxicity by actively exporting thiopurine nucleotides [29]. 
Reduced expression of MRP4 would be predicted to inter-
rupt efflux of active metabolites of MP, so patients with
ABCC4 mutations would show increased sensitivity for MP.

According to Krishnamurthy et al. [29], a mutation in
ABCC4 rs3765534 dramatically reduces MRP4 function by
impairing its localization in the cell membrane. Ban et al. [30]
also reported clinical data for 279 Japanese inflammatory
bowel disease patients, and showed that the WBC counts of
patients with the rs3765534 variant were significantly lower
than in patients with the wild-type allele. They also showed
that 6-TGN levels were significantly higher in patients with
the rs3765534 variant, suggesting that these patients had 
reduced ABCC4 function and increased sensitivity to MP.

Our present study had several limitations of note, includ-
ing the limited number of validated loci, a modest number
of enrolled patients, and the absence of measurements of
serum levels of drugs or metabolites. Moreover, 8.1% of the
patients in our present cohort who could tolerate less than
25% of the planned dose of MP had wild-type alleles for the

TPMT, APEX1, NUDT15, and ABCC4 variants. Therefore,
other genetic and non-genetic factors remain to be discov-
ered to improve the patient-specific tailoring of MP dosing
in children with ALL.

In conclusion, we have identified a novel genetic risk factor
for MP-induced early onset neutropenia using an extensive
pharm-gene panel for sequencing. APEX1 and NUDT15 both
contribute to protecting cells from DNA damage or misin-
corporation, so defective functions in either gene may affect
cellular drug sensitivities and toxicities. Further validation
studies will be needed to confirm the frequency and phar-
macogenetic consequences of APEX1 variants in other ethnic
groups, including additional Asian populations.
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Phase 1 Studies of Poziotinib, an Irreversible Pan-HER Tyrosine 
Kinase Inhibitor in Patients with Advanced Solid Tumors

Original Article

Purpose
Poziotinib, a pan-human epidermal growth factor receptor 2 (HER) tyrosine kinase inhibitor,
has shown potent activity against wild type of epidermal growth factor receptor (EGFR) family
kinases including EGFR, HER2, and HER4 and EGFR-mutant cells in vitro. Two phase I stud-
ies were conducted to determine the maximum tolerated dose (MTD), pharmacokinetics,
safety, and antitumor activity against advanced solid tumors.

Materials and Methods
Standard 3+3 dose escalation scheme using two different dosing schedules were studied:
once daily, 14-day on, and 7-day off (intermittent schedule); and once daily continuous dosing
with food effect. Additional patients were enrolled in an expansion cohort.

Results
A total of 75 patients were enrolled in the two studies. The most common drug-related treat-
ment-emergent adverse events were diarrhea, rash, stomatitis, pruritus, and anorexia. Dose-
limiting toxicities were grade 3 diarrhea in the intermittent schedule and grade 3 anorexia
and diarrhea in the continuous dosing schedule. The MTDs were determined as 24 mg/day
in the intermittent dosing schedule and 18 mg/day in the continuous dosing schedule. Eight
(16%) and 24 (47%) of 51 evaluable patients in the intermittent schedule achieved partial
response (PR) and stable disease (SD), respectively. Four (21%) and six (32%) of 19 evalu-
able patients in continuous dosing schedule achieved PR and SD, respectively. Patients
with PR (n=7) or SD  12 weeks (n=7) had HER2 amplification (n=7; breast cancer, 5; and
stomach cancer, 2) and EGFR amplification (n=1, squamous cell lung cancer).

Conclusion
Poziotinib was safe and well tolerated in patients with advanced solid tumors. It showed an
encouraging activity against EGFR-mutant and HER2-amplified cancers.
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EGFR mutation, HER2 amplification, Poziotinib, 
Non-small-cell lung carcinoma
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Introduction

The ErbB family of receptors is mutated or overexpressed
in many solid tumors and aberrantly activated ErbB receptor
signals have been associated with poor prognosis [1]. Among
ErbB receptors, epidermal growth factor receptor (EGFR)
and human epidermal growth factor receptor 2 (HER2) have
been implicated as important therapeutic targets for lung,
breast, and gastric cancers. The first-generation EGFR tyro-
sine kinase inhibitors (TKIs) including gefitinib and erlotinib
reversibly inhibit EGFR tyrosine kinase by competing with
adenosine triphosphate [1]. These have shown clinical bene-
fits for EGFR-mutant non-small cell lung cancer (NSCLC)
with median progression-free survivals of 9 to 11 months;
however, acquired resistance to these TKIs is inevitable [2].
Due to limited clinical success of first-generation EGFR TKI,
second-generation and irreversible EGFR TKIs have been 
developed for targeting EGFR, HER2, and ErbB4 such as 
dacomitinib and afatinib [3]. These second-generation EGFR
TKIs have shown favorable survival outcomes in lung ade-
nocarcinoma with activating EGFR mutations [4-6].

Poziotinib (HM781-36B) is an irreversible pan-HER TKI,
which targets EGFR, HER2, and ErbB4. Poziotinib shows
good in vitro activities in EGFR or HER2 expressing various
cancer cell lines including EGFR TKI–resistant lung cancer
cells. Poziotinib effectively inhibited ErbB family kinases (IC50,
3.2, 2.2, 5.3, and 23.5 nM against EGFRwild-type, EGFRT790M/L858R,
HER2, and HER4, respectively) [7]. In addition, HER2-
amplified gastric cancer cells and breast cancer cells were
sensitive to poziotinib alone (IC50, 1-4 nM and 1-9 nM, respec-
tively) or poziotinib in combination with various chemother-
apeutic agents [8,9].

Here, we conducted the first-in-human phase I studies of
poziotinib to determine the maximum tolerated dose (MTD),
pharmacokinetics, safety, and antitumor activity in patients
with advanced solid tumors.

Materials and Methods

1. Patients

Eligible patients were  19 years with histologically or 
cytologically confirmed advanced solid tumor, Eastern 
Cooperative Oncology Group performance status  2; with
previous chemotherapy, a life expectancy greater than 12
weeks; and adequate bone marrow (absolute neutrophil
count  1,500/mm3, platelet  100,000/mm3, and hemoglobin
 9.0 g/dL), renal (serum creatinine  1.5 mg/dL) and 

hepatic (serum transaminases  3 upper limit of normal and
total bilirubin  2 mg/dL) functions. Patients who had 
undergone radiation therapy or surgery within 4 weeks prior
to study were excluded. Patients were excluded if they had
uncontrolled infection, ileus, metastasis to central nervous
system, class III or IV heart failure or left ventricular ejection
fraction < 40%, gastrointestinal malabsorption or difficulty
in taking oral medication, or taken other investigational
products within 30 days before screening.

2. Study design and treatment

We conducted two phase I, open label studies to determine
the MTD for two different dosing schedules. In NCT0145571
(study A), poziotinib tablet was administered with water
once daily on an intermittent basis (14-day on and 7-day off)
schedule at multiple dose levels (0.5, 1, 2, 4, 8, 12, 16, 20, 24,
and 32 mg) (n=55, study A), and in NCT01455584 (study B),
poziotinib was given once daily in a continuous dosing fash-
ion, at dose levels of 12, 18, and 24 mg and 16 mg with food
in the fasting or fed state by period in a cross-over design
(n=20, study B). In the dose escalation part for both studies,
cohorts of three to six patients were treated at increasing
doses of poziotinib to determine the MTD. A traditional 3+3
dose-escalation design was used with MTD defined as the
dose where dose-limiting toxicities (DLTs) observed in one
or more out of six patients in the first cycle. Once the MTD
was identified, 12 patients were enrolled in the expansion
part (study A, only). Food effect was conducted based on a
22 cross-over design (fasting-fed sequence versus fed-fast-
ing sequence after randomization) once the recommended
dose (RD) was determined (study B, only). 

3. Pharmacokinetic analyses

In study A, serial blood and urine samples were collected
on day 1 for up to 24 hours (just before administration, 0.5,
1, 1.5, 2, 3, 4, 6, 8, 10, 12, and 24 hours after dosing) and day
14 of cycle 1 up to 48 hours (just before administration, 0.5,
1, 1.5, 2, 3, 4, 6, 8, 10, 12, 24, and 48 hours after dosing) (n=52).
To assess the food effect on pharmacokinetic (PK) of pozio-
tinib in study B, eigh additional patients were enrolled, and
blood samples were taken on day 1 and day 8 up to 24 hours
(just before administration, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, and 24
hours after dosing) on fasting or fed condition (n=8). Plasma
samples were analyzed for poziotinib concentration at BioIn-
fra Co., Ltd. (Suwon, Korea). The analytes were extracted
from heparinized human plasma. The analytes were then
separated and detected by validated ultra-performance liq-
uid chromatography with tandem mass spectrometry [10].
Noncompartmental analysis for plasma concentration was
performed using Phoenix WinNonlin Software ver. 6.3
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(Pharsight, Mountain View, CA).

4. Efficacy and safety analyses

Adverse events (AEs) and treatment-emergent AEs
(TEAEs) were evaluated using National Cancer Institute
Common Terminology Criteria for Adverse Events ver. 3.0.
DLTs were defined as grade  3 non-hematologic toxicities
(except for alopecia), grade  3 diarrhea, nausea and vomit-
ing despite maximal anti-diarrheal, anti-emetics medication,
grade 4 neutropenia sustained for 7 days or more or febrile
neutropenia, grade  3 neutropenic infection accompanying
grade 4 neutropenia or grade 4 thrombocytopenia. Treat-
ment response to poziotinib was evaluated every two cycles
based on the Response Evaluation Criteria in Solid Tumors
criteria (RECIST) ver. 1.0 [11]. Progression-free survival (PFS)
was measured as the interval between poziotinib first dose
administration and the date when disease progression by
RECIST ver. 1.0 or death was first documented.

5. Biomarker and molecular analyses

Plasma or tumor samples in the expansion cohort (n=12,
study A) and in the continuous and food effect cohort (n=20,
study B) were collected for EGFR mutation on exons 18-21,

K  RAS mutation on exon 2, BRAF mutation on exon 15, and
PIK3CA mutation on exons 9 and 20 using a peptide nucleic
acid (PNA)-mediated clamping polymerase chain reaction
(PCR) method (PANAGENE, Inc., Daejeon, Korea) [12].
Plasma hepatocyte growth factor (HGF) concentration was
determined using quantitative sandwich enzyme immunoas-
say technique (Seoul Clinical Laboratories Co., Ltd., Yongin,
Korea). Plasma and tumor samples derived from patients
(n=14, studies A and B) with partial response (PR) or stable
disease (SD)  12 weeks were examined for EGFR (EGFR/
CEP7 probe, Abbott Laboratories, Des Plaines, IL), HER2
(HER2/CEP7 probe, Abbott Laboratories), HER3 (HER3/
CEN12 probe, ZytoVision GmbH, Bremerhaven, Germany),
or HER4 (HER4/2q11 probe, ZytoVision GmbH) amplifica-
tion and EGFR or HER2 mutation (PNA-mediated clamping
PCR or direct sequencing).

6. Ethical statement

These studies were conducted in compliance with the Dec-
laration of Helsinki and following the International Confer-
ence on Harmonization Good Clinical Practice Guidelines.
In addition, these studies were approved by the Institutional
Review Board of each participating center. Written informed
consents were obtained.

Tae Min Kim, Poziotinib for Advanced Solid Tumors

Characteristic Intermittent dosing schedule Continuous dosing schedule
(n=55) (n=20)

Sex
Male 31 (56) 13 (65)
Female 24 (44) 7 (35)

Age (yr) 55 (25-83) 55 (32-77)
ECOG PS

0 30 (55) 8 (40)
1 22 (40) 12 (60)
2 2 (4) 0 (
3 1 (2) 0 (

Cancer
NSCLC 22 (40) 5 (25)
Stomach 10 (18) 3 (15)
Breast 8 (15) 2 (10)
Colorectal 9 (16) 6 (30)
Others 6 (11) 4 (20)

Prior regimen
1-2 9 (16) 3 (15)
3 9 (16) 5 (25)
 4 37 (67) 12 (60)

Table 1. Patient characteristics

Values are presented as number (%) or median (range). ECOG PS, Eastern Cooperative Oncology Group performance status;
NSCLC, non-small cell lung cancer.
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TEAEs, preferred terms
Intermittent dosing schedule (n=55)           Continuous dosing schedule (n=20)

Grade 1-4  Grade 3 Grade 1-4  Grade 3
Diarrhea 48 (87) 8 (15) 20 (100) 3 (15)
Rash 46 (84) 1 (2) 13 (65) -
Stomatitis 40 (73) - 16 (80) 1 (5)
Pruritus 33 (60) - 11 (55) 1 (5)
Decreased appetite 20 (36) 1 (2) 11 (55) 2 (10)
Acne 17 (31) - - -
Dermatitis acneiform 2 (4) - 6 (30) 2 (10)
Palmar-plantar erythrodysaesthesia syndrome 18 (33) - 3 (15) -
Rhinorrhea 14 (26) - 6 (30) -
Paronychia 13 (24) - 13 (65) -
Mucosal inflammation 13 (24) 1 (2) 6 (30) -
Nausea 11 (20) 1 (2) 4 (20) -
Vomiting 10 (18) 1 (2) 4 (20) -
Fatigue 8 (15) - 3 (15) -
Skin exfoliation 8 (15) - - -
Dry skin 6 (11) - 6 (30) 2 (10)
Weight decreased 6 (11) - - -

Table 2. Poziotinib-related TEAEs ( 10%)

Values are presented as number (%). TEAEs, treatment-emergent adverse events.

Dose (mg)
Intermittent dosing schedule Continuous dosing schedule

No. of patients No. of DLTs DLT details No. of patients No. of DLTs DLT details 
0.5 3 - - - - -
1 3 - - - - -
2 3 - - - - -
4 3 - - - - -
8 3 - - - - -

12 6 1 Diarrhea 3 - -
16 6 1 Diarrhea - - -
18 - - - 6 1 Decreased appetite 
20 3 - - - - -
24 6 1 Diarrhea 3 1 Diarrhea

Drug compliance < 80%
32 7 2 Diarrhea - - -
24 Extension 12 5 3 Diarrhea, - - -

1 nausea,
1 mucosal inflammation

Table 3. DLTs in dose escalation and extension phases

DLT, dose-limiting toxicity.
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Results

1. Patients

A total of 75 patients were enrolled in both studies (55 in
the intermittent schedule and 20 patients in the continuous
dosing schedule, respectively). Study A included 43 patients
in the dose escalation portion and 12 patients in the expan-
sion cohort at the MTD. Study B included 12 patients in the
dose escalation portion and eight patients in the food effect 
cohort. Nearly one-third of the patients (n=27) in both studies
had a diagnosis of NSCLC and the majority of patients (65%)
received fourth-line or above chemotherapeutic regimens
(Table 1).

2. Safety profiles

All 75 patients were included in the safety analysis. Fifty-
two patients (95%) in the intermittent schedule and 20 
patients (100%) in the continuous schedule experienced at
least one drug-related AE. The most common drug-related
TEAEs were diarrhea, rash, stomatitis, pruritus, and anorexia
(Table 2). DLTs in the intermittent dosing schedule were
grade 3 diarrhea in five patients (one each at 12, 16, 24 mg
levels, and two at 32 mg) in dose escalation part and grade 
3 diarrhea in three patients, grade 3 nausea in one patient,
and grade 3 mucosal inflammation in one patient in 24 mg 
expansion part (Table 3). DLTs in the continuous dosing
schedule were grade 3 anorexia (one at 18 mg), grade 3 diar-
rhea with anorexia (one at 24 mg), and drug compliance as
defined by actual dosage administered/dosage that should
be administered 100 < 80% due to grade 2 toxicities such as
anorexia, rash, nausea, fatigue and diarrhea (one at 24 mg)
(Table 3). The MTDs were determined as 24 mg/day in the
intermittent dosing schedule and 18 mg/day in the continu-
ous dosing schedule.

3. Efficacy

There were 51 evaluable patients by RECIST ver. 1.0 in the
intermittent dosing schedule (study A) and out of those,
eight patients (16%) achieved PR (breast cancer, n=4; NSCLC,
n=2; and gastric and colorectal cancers, n=1, respectively)
and 24 (47%) had SD (Fig. 1A). The disease control rate (DCR,
PR+SD) was 63%. The median PFS was 12.0 weeks (95% con-
fidence interval [CI], 7.4 to 16.5) for all patients and 13.4
weeks (95% CI, 11.5 to 18.9) in patients treated with at least
8 mg/day (n=39). All of the three patients (100%) receiving
8 mg/day developed a rash, a well-known AE related with
inhibition of wild-type EGFR. Considering Ki-67–positive
cells decreased after treatment with  8 mg poziotinib, the

minimum effective dose for poziotinib was estimated to be
8 mg/day. 

There were 19 evaluable patients in the continuous dosing
schedule (study B). Four patients (21%) including two breast
and one common bile duct cancers and one NSCLC achieved
PR and six (32%) achieved SD; the DCR was 53% (Fig. 1B).
The median PFS was 9.0 weeks (95% CI, 5.7 to 39.7). Among
27 NSCLC patients, 26 had received prior EGFR TKIs (first-
generation EGFR TKIs, n=26; and second-generation EGFR
TKIs, n=3). Three (11%) and 11 (41%) patients achieved PR
and SD, respectively (Fig. 1C). The median PFS was 11.4
weeks (range, 5.6 to 17.4 weeks).

4. Pharmacokinetics

PK data for poziotinib was previously reported [10].
Briefly, dose-proportional pharmacokinetics profiles were
observed in terms of Cmax and area under plasma concentra-
tion-time curve (AUC) in dose range of 0.5 to 24 mg on day
1. Absorption rate of poziotinib was moderate to high with
a median Tmax between 0.6 and 4 hours and mean terminal
half-lives ranged from 5.09 to 9.92 hours in day 1. PK param-
eters were similar between single (on day 1) and multiple
oral doses (on day 14).

There was minimal difference in the geometric mean AUC
values of poziotinib between dosing under fed conditions
and dosing under fasting conditions. The geometric mean
Cmax of poziotinib decreased approximately by 27% under
fed conditions compared with fasting conditions. The 
median Tmax of poziotinib was delayed from 1.26 (0.95, 3.00)
to 3.01 (1.00, 7.85) hours with food intake (S1 Table).

5. Molecular studies

Tissue (n=9) and plasma (n=12) samples in the expansion
part of study A (intermittent dosing schedule) and plasma
(n=9) samples in the continuous dosing schedule (study B)
were collected for genetic studies. EGFR exon 19 deletion was
observed in five NSCLC patients’ tissue samples, two of
which harbored concomitant EGFRT790M mutation. Plasma or
tumor samples showed EGFR exon 19 deletions (n=6),
EGFRT790M mutation (n=5), EGFRL858R or EGFRL861Q mutation
(n=2), and KRAS mutation (n=1). Molecular profiles, HGF
concentrations and best response are described in S2 Table.
Patients with PR (n=7) or SD  12 weeks (n=7) had HER2
amplification (n=7; breast cancer, 5; and stomach cancer, 2)
and EGFR amplification (n=1, squamous cell lung cancer) 
(S3 Table).

Tae Min Kim, Poziotinib for Advanced Solid Tumors
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Fig. 1.  (A) Waterfall plot shows tumor size changes of target lesions in patients who received poziotinib once daily on a 
14-day on and 7-day off schedule (n=46). (B) Waterfall plot shows tumor size changes of target lesions in patients treated
with poziotinib once daily continuously (n=16). (C) Waterfall plot for non-small cell lung cancer (NSCLC) patients.
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Discussion

Poziotinib is an irreversible pan-HER TKI that has shown
a manageable safety profile in our first-in-human studies,
very similar to those seen with other TKIs. The MTDs were
determined as 24 mg/day in the intermittent dosing sched-
ule 2 (study A) and 18 mg/day in study B (continuous dos-
ing) with a RD of 16 mg once daily. A linear increase in
poziotinib exposure with increasing doses was observed in
PK analyses. The best overall responses were 15.7% in study
A and 21.1% in study B, respectively. In addition, encourag-
ing efficacy was observed in EGFR-mutant NSCLC and
HER2-amplified breast or stomach cancers. The most com-
mon AEs observed were diarrhea, skin rash, stomatitis, and
pruritus and DLT was diarrhea, in line with other irre-
versible pan-HER TKIs [13,14].

To evaluate the PK profile, PK and plasma assessments
were performed on days 1 and 14 of the cycle 1 from 52 of a
total of 55 patients in study A. The exposure to poziotinib 
increased generally dose-proportionally at doses up to 24
mg/day (i.e., MTD) and these data indicate that human PK
of poziotinib showed dose dependency on oral absorption.
In addition, the PK parameters relevant to poziotinib expo-
sure at steady state (on day 14) were similar to those obtained
following a single dose (on day 1) suggesting no accumula-
tion of poziotinib after multiple administrations. In terms of
food effect, PK data showed delay in Tmax and decreased in
Cmax of poziotinib with food, but there were no significant
differences in the exposure (AUC). Therefore, the anticancer
activity of poziotinib is not altered by food ingestion.

In the present studies, EGFR, HER2, KRAS, BRAF, PIK3CA
mutations, EGFR and HER2 amplifications, as well as plasma
HGF concentrations were analyzed in an exploratory man-
ner. In terms of the best overall response by genetic status,
one NSCLC patient with EGFR exon 19 deletion mutation

achieved SD and two NSCLC patients with EGFR exon 19
deletion and T790M mutation showed SD and PR, respec-
tively. Although two NSCLC patients progressed despite the
presence of EGFR activating mutations, this might be due to
unknownresistance mechanisms associated with EGFR TKIs,
considering that the tumor sample was collected after previ-
ous treatment with EGFR TKIs. Taken together, after treat-
ment with poziotinib, SD or PR was confirmed in three of six
NSCLC patients with EGFR exon 19 deletion mutation or
concomitant EGFR exon 19 deletion and T790M mutation.
Poziotinib showed encouraging efficacy in EGFR-mutant
NSCLC after failure of prior EGFR TKIs (PR, 12.5%) unlike
other pan-HER inhibitors [13,14]. In addition, half of patients
with clinical benefit (PR or SD  12 weeks) had HER2 ampli-
fication, mostly observed in patients with breast or stomach
cancers. These results have led to the initiation of other pozi-
otinib trials in various solid tumors, including EGFR-mutant
lung adenocarcinoma as a first-line (NCT01819428) and as a
second-line after failure to first-generation EGFR TKIs
(NCT01718847), as well as in HER2-overexpressed breast and
gastric cancers (NCT02418689, NCT02659514 and NCT0174-
6771, respectively).

In conclusion, poziotinib is a promising irreversible pan-
HER inhibitor against EGFR-mutant NSCLC as well as
HER2-overexpressing breast and gastric cancers and was
generally tolerated in heavily pre-treated cancer patients. 
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Sarcopenia Predicts Prognosis in Patients with Newly Diagnosed 
Hepatocellular Carcinoma, Independent of Tumor Stage and 
Liver Function

Original Article

   Purpose
The purpose of this study was to demonstrate the prognostic significance of changes in
body composition in patients with newly diagnosed hepatocellular carcinoma (HCC).

Materials and Methods
Patients (n=178) newly diagnosed with HCC participated in the study between 2007 and
2012. Areas of skeletal muscle and abdominal fat were directly measured using a three-
dimensional workstation. Cox proportional-hazards modes were used to estimate the effect
of baseline variables on overall survival. The inverse probability of treatment weighting (IPTW)
method was used to minimize confounding bias.

Results
Cutoff values for sarcopenia, obtained from receiver-operating characteristic curves, were
defined as skeletal muscle index at the third lumbar vertebra of  45.8 cm/m2 for males
and  43.0 cm/m2 for females. Sarcopenia patients were older, more likely to be female,
and had lower body mass index. Univariable analysis showed that the presence of sarcope-
nia and visceral to subcutaneous fat area ratio (VSR) were significantly associated with prog-
nosis. The multivariable analyses revealed that VSR was predictive of overall survival.
However, in the multivariable Cox model adjusted by IPTW, sarcopenia, not VSR, were 
associated with overall survival.

Conclusion
The presence of sarcopenia at HCC diagnosis is independently associated with survival.
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Hepatocellular carcinoma, Sarcopenia, Visceral fat, 
Overall survival, Prognosis
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Introduction

Sarcopenia is defined as loss of skeletal muscle mass and
strength [1]. It usually occurs as part of the normal aging
process in an elderly population, but is also associated with
various health problems, including liver cirrhosis [2], meta-
bolic syndrome [3], chronic kidney disease [4], inflammatory
bowel disease [5], and cognitive impairment [6]. Sarcopenia
may also be associated with cancer, which is a leading cause

of death in many parts of the world and will be a far bigger
health issue due to increasing life expectancy.

Previous studies demonstrated that changes in body com-
positions were associated with poor outcomes in cancer 
patients. For example, Kumar et al. [7] reported that com-
puted tomography (CT)–measured muscle mass was associ-
ated with overall survival in patients with advanced ovarian
cancer [7]. Similar results were reported for various solid
organ malignancies including lung cancer, pancreas cancer,
renal cell carcinoma, and esophageal cancer, and for hema-



tologic malignancies such as lymphoma [8-12].
Among patients with hepatocellular carcinoma (HCC), sar-

copenia was associated with poor outcome after various
treatments [13-15]. A recent Japanese study found that
changes in body composition, including sarcopenia, were
predictive of overall survival in a large number of HCC 
patients, more than one third of whom had previously 
received anticancer therapy [16]. However, cancer treatment
itself can have either a positive or negative effect on skeletal
muscle mass, depending on the treatment response [17,18].
In addition, the severity of liver disease, assessed by tumor
stage and hepatic impairment, may affect sarcopenia status.
In this study, we evaluated the impact of sarcopenia on sur-
vival of patients newly diagnosed with HCC, after adjust-
ment for multiple covariates which might have influenced
skeletal muscle mass.

Materials and Methods

We identified patients who are newly diagnosed with
HCC and whose first treatment plan (including supportive
care) was made at our center between 2007 and 2012. Patients
who did not have CT images appropriate for the evaluation
of skeletal muscle mass and abdominal fat area were 
excluded. Patients who had other malignancies in the five
years before their HCC diagnosis were also excluded. Clini-
cal characteristics included in the study were age at HCC 
diagnosis, sex, body mass index (BMI), presence of diabetes,
etiologies of liver disease, presence of cirrhosis and ascites,
and level of functioning, measured by the Eastern Coopera-
tive Oncology Group (ECOG) scale of performance status.

Laboratory characteristics included liver function tests, cre-
atinine, electrolytes, complete blood count, fasting glucose,
lipid profiles, C-reactive protein, and tumor markers, includ-
ing -fetoprotein (AFP) and protein induced by vitamin K
absence/antagonist-II. Tumor features were assessed with
baseline CT imaging and included tumor size, number, type,
presence of vascular invasion, and Barcelona Clinic Liver
Cancer (BCLC) stage. Child-Pugh score, Model for End-stage
Liver Disease (MELD) score, and MELD-Na score were cal-
culated at baseline for the evaluation of liver function.

Patients were diagnosed with HCC by their managing
physicians using the American Association for the Study of
Liver Diseases guidelines. The diagnoses were confirmed by
the authors of the study during enrollment. Liver cirrhosis
was diagnosed either by a combination of medical history,
physical examination, liver function tests, and CT imaging,
or by histology when available.

Baseline data, follow-up information and mortality records
were fully accessible. 

1. Measurement of skeletal muscle mass and abdominal fat
area

The unenhanced axial CT images (5 mm thickness) for each
patient were sent to a three-dimensional workstation (AW
5.5, GE Healthcare, Milwaukee, WI). A radiologist (D.K.)
with > 10 years of experience measured the skeletal muscle
mass and abdominal fat area.

For the measurement of the skeletal muscle mass (cm2), a
cross-sectional image at the level of the third lumbar vertebra
(L3) was selected. At this level, the rectus abdominis, external
and internal oblique muscle, transverse abdominis, psoas
major, quadratus lumborum, and erector spinae were iden-
tified. Any intra-abdominal structure inside the inner bound-
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Fig. 1. Representative image of skeletal muscle area measurement at the third lumbar vertebra level.
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ary of aforementioned skeletal muscle was erased by manual
demarcation to maximize the accuracy of the measurement.
Then, the Hounsfield Units (HU) of 30 to +150 were applied
to confirm the L3 skeletal muscle mass (Fig. 1) [19].

For the measurement of the abdominal fat area (cm2), a
cross-sectional image at the L3 level was selected. A line was
drawn outside of the patient’s body and the total fat area was
measured with the attenuation value of 250 to 50 HU 
(Fig. 2A) [19]. Then, an internal line along the outer boundary
of the skeletal muscles was manually drawn and the visceral
fat area was measured with the same HU range (Fig 2B). The
area of subcutaneous fat was calculated by subtracting the
visceral fat area from the total fat area.

All of the measured values were normalized to height (m2)
and expressed as total fat area index, visceral fat area index,
and subcutaneous fat area index. The visceral to subcuta-
neous fat area ratio (VSR) and skeletal muscle mass to total
fat area ratio were calculated from the measured values. 

2. Statistical analysis 

The data were presented as mean±standard deviation for
continuous variables and the number and percentage for cat-
egorical variables. The relationships between sarcopenia sta-
tus and continuous variables were assessed by Student’s t
tests or Wilcoxon rank-sum tests. The relationships between
sarcopenia status and categorical variables were analyzed by
chi-square or Fisher exact tests, depending on the distribu-
tion of the variable. The optimal cutoff values used to define
sarcopenia in males and females were determined by the 
receiver operating curve (ROC) analysis.

The primary endpoint of this study was overall survival.
The duration between the date of HCC diagnosis and death
was calculated. Patients were followed up until death or 
December 31, 2015, whichever came first. In the event of loss
to follow-up, censoring occurred at the date of the last visit
to the clinic.

The association between the baseline variables and overall
survival were determined using Cox proportional-hazards

Yeonjung Ha, Sarcopenia in Liver Cancer

Fig. 2. Representative images of total fat area measurement (A) and visceral fat area measurement (B) at the third lumbar
vertebra level.

A

B

VOLUME 50 NUMBER 3 JULY 2018  845



Cancer Res Treat. 2018;50(3):843-851

Variable Sarcopenia Non-sarcopenia p-value(n=62) (n=116)
Age (yr) 62.5±14.2 58.3±11.3 0.043
Male sex (%) 43 (69.4) 98 (84.5) 0.021
Body mass index (kg/m2) 21.6±2.2 23.9±3.1 < 0.001
Diabetes mellitus (%)b) 12 (19.4) 21 (18.3) 0.84
Total fat area index (cm2/m2) 63.1±30.7 68.6±36.1 0.28
Visceral fat area index (cm2/m2) 33.8±23.5 38.8±23.5 0.37
Subcutaneous fat area index (cm2/m2) 26.1±13.4 28.2±17.1 0.36
Visceral to subcutaneous fat area ratio 1.8±1.3 1.6±0.8 0.21
Skeletal muscle to total fat area ratio 0.3±0.3 0.4±0.4 0.21
Etiology (%)

Hepatitis B virus 33 (53.2) 77 (66.4) 0.06
Hepatitis C virus 6 (9.7) 9 (7.8)
Alcohol 8 (12.9) 19 (16.4)
Unknown 15 (24.2) 11 (9.5)

Presence of cirrhosis (%) 43 (69.4) 89 (76.7) 0.29
Presence of ascites (%) 21 (33.9) 29 (25.0) 0.22
Albumin (g/dL) 3.3±0.7 3.6±0.7 0.015
Aspartate aminotransferase (IU/L) 118.3±104.7 158.8±483.1 0.39
Alanine aminotransferase (IU/L) 53.9±51.5 74.6±115.7 0.38
Alkaline phosphatase (IU/L) 468.7±403.1 416.9±278.4 0.50
-Glutamyl transpeptidase (IU/L) 196.5±161.2 254.8±328.5 0.13
Total bilirubin (mg/dL) 1.8±2.9 2.1±3.3 0.44
Prothrombin time (INR) 1.2±0.3 1.2±0.2 0.67
Creatinine (mg/dL) 1.0±0.3 1.1±1.1 0.15
Sodium (mEq/L) 138.3±3.7 138.7±3.9 0.52
White blood cell (mm3) 6,662.1±3,049.3 6,805.4±3,177.8 0.77
Hemoglobin (g/dL) 11.4±2.4 12.9±2.1 < 0.001
Platelet (103/mm3) 182.1±109.1 155.7±76.8 0.10
Fasting glucose (mg/dL) 142.8±79.6 122.3±43.8 0.08
Total cholesterol (mg/dL) 159.4±70.7 167.0±55.6 0.47
Triglyceride (mg/dL) 92.2±43.0 110.5±71.3 0.07
HDL-cholesterol (mg/dL) 31.4±16.6 36.6±15.8 0.06
LDL-cholesterol (mg/dL) 98.8±61.5 101.0±45.8 0.82
C-reactive protein (mg/dL) 3.4±3.7 2.3±3.1 0.06
-Fetoprotein (ng/mL) 35,975.8±71,437.7 20,837.7±51,662.0 0.15
PIVKA-II (mAU/mL) 5,646.6±15,909.8 3,152.0±11,404.5 0.41
Child-Pugh stage (%)c)

A 36 (59.0) 77 (68.1) 0.33
B 21 (34.4) 27 (23.9)
C 4 (6.6) 9 (8.0)

MELD score 10.7±4.2 11.3±5.2 0.38
MELD-Na score 12.0±4.8 12.1±6.7 0.86
Tumor size (mm)d) 85.5±66.9 68.8±60.4 0.16
Infiltrative tumor (%) 26 (41.9) 41 (35.3) 0.42
Portal vein thrombosis (%) 29 (46.8) 41 (35.3) 0.15
Tumor number (%)e) 1.00

Unifocal 23 (63.9) 49 (65.3)
Multifocal 13 (36.1) 26 (34.7)

Table 1. Demographic and clinical characteristics of 178 patients with hepatocellular carcinomaa)

(Continued to the next page)
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models. Next, we performed the same analyses with the data
weighted to the population of eligible patients. To adjust for
observable differences between sarcopenia and non-sarcope-
nia patients, we used the inverse probability of treatment
weighting (IPTW) method with all baseline variables. The
IPTW uses weights based on the estimated propensity score
for sarcopenic patients and the inverse of one minus the
propensity score for patients without sarcopenia. The bal-
ance of the covariates in the weighted population was eval-
uated.

We computed standardized mean differences between the
two groups. We considered the covariate distribution to be
balanced if the absolute standardized difference was < 0.2.

All reported p-values were two-sided, and p-values of 
< 0.05 were considered statistically significant. SAS ver. 9.1
(SAS Institute Inc., Cary, NC) and R ver. 3.0 (http://cran.
r-project.org/) software were used for statistical analyses.
The covariate balancing propensity score package in R was
used for the IPTW method [20].

3. Ethical statement

The study protocol was approved by the institutional 
review board of our center. The requirement for written 
informed consent was waived.

Results

1. Patients 

A total of 216 patients were identified during the study 
period. Among them, 38 patients who did not meet eligibility
criteria (27 with no appropriate CT images; and 11 with con-
comitant malignancies) were excluded. The final study sam-
ple included 178 patients.

2. Characteristics of sarcopenic vs. non-sarcopenic patients 

The overall c-index for prediction of survival in the entire
cohort was 0.55 (standard error, 0.03). After consideration of
follow-up time and censoring status, the adjusted area-
under-the-receiver-operating-curve (AUROC) was 0.55 for
males and 0.72 for females, for a 1-year observation period.
The cutoff points for sarcopenia were 45.8 for males (sensi-
tivity 0.40, specificity 0.81) and 43.0 for females (sensitivity
0.69, specificity 0.73). Using these cutoff points, 62 patients
(34.8%) had sarcopenia.

Baseline characteristics of the study population according
to sarcopenic status appear in Table 1. The BMI of patients
with  grade 3 ascites was not calculated due to the possibil-
ity of overestimation. The mean age of sarcopenic patients
were 62.5 years, compared to 58.3 years for patients without
sarcopenia (p=0.043). There were more female patients in the

Yeonjung Ha, Sarcopenia in Liver Cancer

Variable Sarcopenia Non-sarcopenia p-value(n=62) (n=116)
BCLC stage (%)

0+A 11 (17.7) 33 (28.5) 0.44
B 8 (12.9) 12 (10.3)
C 39 (62.9) 61 (52.6)
D 4 (6.5) 10 (8.6)

ECOG performance status (%)
0 21 (33.9) 53 (45.7) 0.48
1 33 (53.2) 50 (43.1)
2 7 (11.3) 12 (10.3)
3 1 (1.6) 1 (0.9)

Table 1. Continued

INR, international normalized ratio; HDL-cholesterol, high-density lipoprotein-cholesterol; LDL-cholesterol, low-density
lipoprotein-cholesterol; PIVKA-II, protein induced by vitamin K absence/antagonist-II; MELD, model for end-stage liver
disease; BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group. a)Data are presented as the
mean±standard deviation, b)Relevant record was not available in one patient, c)Child-Pugh stage cannot be calculated in four
patients, d)Tumor size was calculated by summing diameters of two largest target lesions. In patients with infiltrative disease,
tumor size cannot be measured, e)Tumor number was not assessed in patients with non-target lesions only (e.g., infiltrative
tumors).
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sarcopenic group (30.6% vs. 15.5%, p=0.021). The mean BMI
(23.9 kg/m2 vs. 21.6 kg/m2), albumin (3.6 g/dL vs. 3.3 g/dL),
and hemoglobin levels (12.9 g/dL vs. 11.4 g/dL) were sig-
nificantly higher in non-sarcopenic patients. Total fat area
index, visceral fat area index, and subcutaneous fat area
index did not significantly differ between the two groups. In
addition, the VSR and skeletal muscle mass to total fat area
ratio were also comparable. Other clinical and laboratory
characteristics, tumor features, and liver function, did not
significantly differ by sarcopenic status.

3. Characteristics associated with overall survival in the 
unweighted cohorts  

The result of the univariable and multivariable analyses
are summarized in Table 2. In the univariable analysis, pres-
ence of sarcopenia (p=0.006), subcutaneous fat area index
(p=0.020), VSR (p=0.028), presence of ascites (p < 0.001),
platelet count (p=0.016), C-reactive protein level (p < 0.001),
AFP level (p < 0.001), Child-Pugh stage (p < 0.001), MELD
score (p < 0.001), tumor size (p < 0.001), infiltrative tumor

Cancer Res Treat. 2018;50(3):843-851

Variable
Univariable analysis Multivariable analysis

HR (95% CI) p-value HR (95% CI) p-value
Age, per 10 year 1.02 (0.87-1.20) 0.79 - -
Male sex 1.10 (0.66-1.82) 0.72 - -
BMI, per 1 kg/m2 0.98 (0.91-1.05) 0.53 - -
Diabetes mellitus 0.99 (0.61-1.61) 0.95 - -
Presence of sarcopenia 1.74 (1.17-2.57) 0.006 1.18 (0.63-2.20) 0.60
Total fat area index, per 10 cm/m2 0.95 (0.89-1.02) 0.14 - -
Visceral fat area index, per 10 cm/m2 0.97 (0.89-1.07) 0.57 - -
Subcutaneous fat area index (cm/m2) 0.83 (0.71-0.97) 0.020 0.94 (0.70-1.26) 0.68
Visceral to subcutaneous fat area ratio 1.23 (1.02-1.48) 0.028 1.33 (1.03-1.72) 0.028
Skeletal muscle to total fat area ratio 1.41 (0.79-2.51) 0.25 - -
Etiology of liver disease 0.40 -

Hepatitis B virus 1 ( Reference - -
Hepatitis C virus 0.82 (0.38-1.79) 0.62 - -
Alcohol 0.71 (0.41-1.25) 0.24 - -
Others or unknown 1.29 (0.75-2.22) 0.37 - -

Presence of cirrhosis 1.40 (0.89-2.21) 0.15 - -
Presence of ascites 3.36 (2.24-5.04) < 0.001 - -
Platelet count, per 1.0105/mm3 1.26 (1.04-1.52) 0.016 - -
C-reactive protein 1.16 (1.10-1.22) < 0.001 0.98 (0.89-1.09) 0.80
-Fetoprotein,  200 ng/mL 4.36 (2.86-6.64) < 0.001 2.55 (1.37-4.74) 0.003
Child-Pugh stage, non-A 3.50 (2.36-5.19) < 0.001 1.71 (0.69-4.21) 0.25
MELD score, per 1 point 1.16 (1.12-1.19) < 0.001 - -
Tumor size, per 1 cm 1.08 (1.05-1.12) < 0.001 1.07 (1.02-1.13) 0.005
Infiltrative tumor 6.05 (3.95-9.26) < 0.001 4.51 (2.08-9.76) < 0.001
Portal vein thrombosis 5.03 (3.34-7.58) < 0.001 - -
Tumor number, multifocal 3.02 (1.70-5.35) < 0.001 - -
BCLC stage < 0.001 < 0.001

0+A 1 ( Reference 1 ( Reference
B 7.0 (2.69-18.38) < 0.001 6.51 (1.78-23.82) 0.005
C 14.91 (6.34-35.09) < 0.001 4.91 (1.26-19.10) 0.022
D 60.96 (22.24-167.10) < 0.001 51.05 (12.73-204.74) < 0.001

ECOG performance status, > 1 4.90 (2.95-8.14) < 0.001 - -

Table 2. Univariable and multivariable analyses of factors affecting overall survival in 178 patients with hepatocellular car-
cinoma

HR, hazard ratio; CI, confidence interval; BMI, body mass index; MELD, model for end-stage liver disease; BCLC; Barcelona
Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group.
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type (p < 0.001), portal vein thrombosis (p < 0.001), tumor
number (p < 0.001), BCLC stage (p < 0.001), and ECOG per-
formance status (p < 0.001) were significantly associated with
overall survival. Multivariable analysis, that included nine
of these variables which were not highly correlated with, was
performed. VSR (hazard ratio [HR], 1.33; 95% confidence 
interval [CI], 1.03 to 1.72; p=0.028), AFP level (HR, 2.55; 95%
CI, 1.37 to 4.74; p=0.003), tumor size (HR, 1.07; 95% CI, 1.02
to 1.13; p=0.005), infiltrative tumor type (HR, 4.51; 95% CI,
2.08 to 9.76; p < 0.001), and BCLC stage (p < 0.001) remained
statistically significant. The presence of sarcopenia was not
associated with overall survival (HR, 1.18; 95% CI, 0.63 to
2.20; p=0.60).

4. Characteristics associated with overall survival in the
weighted cohorts

To control for potential confounding, propensity score
weighting using the IPTW method was performed. After
weighting, the covariates were generally well balanced 
(S1 Fig.).

Contrary to the results of multivariable analysis in the 
unweighted cohorts, the presence of sarcopenia was signifi-
cantly associated with overall survival after IPTW adjust-
ment (HR, 1.63; 95% CI, 1.03 to 2.57; p=0.038) (Table 3).

In the analysis of VSR, which was significant in the multi-
variable analysis of unweighted cohorts, the ROC plot ini-
tially identified 1.5 as the best cutoff for predicting 1-year
survival (AUROC, 0.58; sensitivity, 0.56; specificity, 0.59).
When this cutoff point was tested by IPTW analysis, VSR
was not significantly associated with overall survival (HR,
0.81; 95% CI, 0.45 to 1.45; p=0.48).

Discussion

The result of this study suggested that the presence of sar-
copenia at the time of HCC diagnosis predicted poor overall
survival, independent of demographics, tumor stage, and the

degree of liver dysfunction. Previous studies demonstrated
that sarcopenia was associated with poor outcomes in HCC
patients. However, there are some points which need to be
considered. First, a recent Japanese study, which investigated
the impact of changes in body composition on survival in a
large sample of HCC patients, demonstrated that sarcopenia
and visceral adiposity were associated with mortality [16]. It
is noteworthy is that about 40% of the patients in that study
had previously received anticancer treatment, which can 
affect body composition [17,18]. Therefore, to better under-
stand the role of body compositional changes on patients’
prognosis, we examined the associations in an untreated
sample.

Another challenge was that baselines of untreated HCC
patients were heterogeneous and these factors might have
affected the quantity of muscle and fat. For example, as sar-
copenia is an age- and sex-related change, elderly and
women are more frequently affected [1]. In addition, the
presence of cirrhosis and the degree of liver dysfunction 
affect the sarcopenic status, even without malignancy [2].
There is no doubt that patients with more advanced cancer
experience “cancer cachexia,” loss of muscle mass and body
fat. Therefore, it should be clarified that poor outcomes in
sarcopenic patients may be due to sarcopenia itself or due to
other factors, which indirectly induce sarcopenia, before we
introduce emerging anti-sarcopenic drugs to HCC patients.

After we performed survival analyses for our sample of
untreated HCC patients, the IPTW method was employed to
reduce the confounding effects of other risk factors. IPTW
analysis is a weighting method based on propensity scores
and is generally considered to be a superior statistical
methodology for the adjustment of potential confounders in
observational studies when there are not enough patients for
matching [21]. The presence of sarcopenia, which was asso-
ciated with poor overall survival in the univariable analysis,
was shown to increase the risk of death by 18% in the multi-
variable analysis, although this increase was not statistically
significant. However, subsequent IPTW analysis indicated
that the presence of sarcopenia was a statistically significant
risk factor for overall survival.

In addition to sarcopenia, we included other assessments

Yeonjung Ha, Sarcopenia in Liver Cancer

Variable
Adjusted IPTW 

HR (95% CI) p-value HR (95% CI) p-value
Presence of sarcopenia 1.18 (0.63-2.20) 0.60 1.63 (1.03-2.57) 0.038
Visceral to subcutaneous fat area ratio 1.33 (1.03-1.72) 0.028 0.81 (0.45-1.45) 0.48

Table 3. Adjusted and weighted Cox-proportional analyses of factors affecting overall survival

IPTW, inverse probability of treatment weighted; HR, hazard ratio; CI, confidence interval.
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of change in body composition, such as skeletal muscle mass
to total fat area ratio and VSR. While skeletal muscle mass to
total fat area ratio did not predict survival, patients with high
VSR had higher mortality. In fact, recent studies demon-
strated that visceral adiposity, represented by CT-measured
VSR values, was associated with poor prognosis in various
malignancies, such as colorectal cancer [22], melanoma [23],
breast cancer [24], and esophageal cancer [25]. However,
some other studies found that high visceral fat did not pre-
dict poor outcome [26,27]. After reviewing this literature, we
decided to analyze the clinical significance of VSR using the
IPTW method and the results indicated that high VSR was
not associated with a lower survival rate.

The determination of the independent association of sar-
copenia on survival among HCC patients had important 
implication for anti-sarcopenic treatment. In 2013, a rando-
mized phase 2 trial which compared the effect of selective
androgen receptor modulator therapy versus placebo in the
treatment of cancer cachexia found that the lean body mass
of patients in the treatment group significantly increased
without serious toxic effects [28]. Studies which evaluate sur-
vival are underway for patients with non-small cell lung can-
cer [29]. A recent study by Sinclair et al. [30] demonstrated
that testosterone therapy increased muscle mass in cirrhotic
male patients without HCC, but no improvement in survival
was observed. Our study results, which demonstrate the 
effect of sarcopenia on the survival of HCC patients regard-
less of cirrhotic status, may justify further studies investigat-
ing the use of anti-sarcopenic drugs in patients with HCC.

There are several advantages of our study. First, an expe-
rienced radiologist directly measured skeletal muscle mass
and abdominal fat area with a dedicated workstation, in 
addition to detailed manual tracing, to maximize precision.
Second, we employed rigorous statistical methodology to
verify the effect of changes in body composition on survival,
adjusting for tumor stage, liver dysfunction, and cirrhotic

status.
Although this study had some limitations, which are 

inherent to retrospective studies, we tried to overcome some
of these challenges through the application of rigorous sta-
tistical methodology. It is also important to consider the cut-
off values for sarcopenia. Because the prognostic cutoffs for
sarcopenia were specific to our patients, who had relatively
leaner body composition than Western patients; further stud-
ies are needed to demonstrate whether these cutoffs are 
applicable to non-Asian HCC patients.

In conclusion, we demonstrated that the presence of sar-
copenia was associated with overall survival in HCC 
patients, independent of tumor stage, degree of liver dys-
function, or cirrhotic status. The presence of sarcopenia can
be easily determined by a single slice of a CT scan during
routine diagnostic evaluation. Additional studies are needed
to demonstrate whether anti-sarcopenic treatment in HCC
patients prolongs the survival.
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   Purpose
We evaluated the impact of postoperative body mass index (BMI) shifts on the quality of
life (QoL) following total gastrectomy in patients with gastric cancer.

Materials and Methods
QoL data collected from the European Organization for Research and Treatment of Cancer
(EORTC) Quality of Life Questionnaire (QLQ)-C30 and QLQ-STO22 questionnaires were 
obtained from 417 patients preoperatively and 1 year after surgery. Patients were divided
into two groups based on changes in BMI: group 1 comprised patients whose BMI range cat-
egory dropped, and group 2 included patients who maintained or rose to a higher category
compared to their preoperative BMI category.

Results
There were 276 patients in group 1 and 141 in group 2. QoLs with respect to the global
health status and functional scales were not significantly different between the groups 1
year after surgery. However, there were significantly greater decreases in QoL in group 1
due to gastrointestinal symptoms, such as nausea and vomiting (p=0.008), appetite loss
(p=0.001), and constipation (p=0.038). Of the QLQ-STO22 parameters, dysphagia
(p=0.013), pain (p=0.012), reflux symptoms (p=0.017), eating restrictions (p=0.007), taste
(p=0.009), and body image (p=0.009) were associated with significantly worse QoL in group
1 than in group 2 1 year after surgery.

Conclusion
Patients have significantly different QoLs depending on the BMI shift after total gastrectomy.
Efforts to reduce the gap in QoL should include intensive nutritional support and restoration
of dietary behaviors. Appropriate clinical and institutional approaches, plus active medical
interventions, are required for maintaining patients’ BMIs after surgery. 
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Introduction

Surgical resection of the primary tumor, as well as regional
lymph node dissection, constitute the only curative treatment
for gastric cancer [1]. Although surgical treatment is the only
method to gain disease-free status in patients with gastric
cancer, most patients who undergo gastrectomy may expe-
rience a deteriorated quality of life (QoL), which is affected
by a variety of functional and nutritional problems [2]. 

Patients who undergo total gastrectomy in particular tend to
have greater deterioration of QoL, including poor social
functioning, nausea/vomiting, dysphagia, dietary restric-
tions, reflux, and taste compared to patients who undergo
distal gastrectomy [3,4]. The QoL after gastrectomy tends to
be lowest during the first year after surgery [5-7]. Addition-
ally, weight loss is unavoidable in patients who undergo gas-
trectomy; it usually lasts for the duration of the first year after
surgery, and most patients do not regain their preoperative
body weights [8-10]. Various symptomatic nutritional or
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functional maladies after gastrectomy might lead to weight
loss, and postoperative QoL changes in patients with gastric
cancer might be closely connected to such weight loss. Thus,
it is crucial to investigate any correlations between QoL and
weight changes in patients who underwent total gastrec-
tomy.

Among the diverse tools to assess QoL in patients with
gastric cancer, the European Organization for Research and
Treatment of Cancer (EORTC) Quality of Life Questionnaire
(QLQ)-C30, along with the gastric cancer-specific module
(QLQ-STO22), have been used most extensively [11,12]. The
entire questionnaire has been translated into Korean and val-
idated [13].

There have been several investigations of QoL changes
after gastrectomy in patients with gastric cancer using the
EORTC QLQ-C30 and QLQ-STO22. However, most such
studies compared QoL changes according to the different
types of surgical procedures or the progression of QoL
changes throughout the postsurgical survival period [2,6,7].
However, little is known about QoL changes according to
body mass index (BMI) shifts during the postoperative 
period. Therefore, we investigated QoL changes during the
first year after surgery in relation to BMI shifts, with the goal
of providing better personalized medical care by revealing
additional factors that could improve the QoL of patients
who underwent a total gastrectomy.

Materials and Methods

1. Patients

Patients with gastric cancer who underwent curative total
gastrectomy between January 2011 and December 2014 at the
Kyungpook National University Hospital (KNUH) and the
Kyungpook National University Medical Center (KNUMC)
were enrolled. We excluded patients who experienced a 
recurrence within 1 year after surgery as well as those who
died of other causes. Ultimately, 417 patients who completed
the entire series of QoL assessments during the first year
were analyzed. 

The BMI was calculated as body weight/height2 (kg/m2),
and BMI values were classified as underweight (< 18.50
kg/m2), normal (18.50-22.99 kg/m2), overweight (23.00-24.99
kg/m2), and obese ( 25.00 kg/m2) [14]. Fig. 1 shows the
baseline BMIs of patients preoperatively and 1 year after sur-
gery. Patients were divided into two groups based on their
BMI shifts: group 1 (n=276) included patients whose BMIs
were in lower categories compared to their preoperative clas-
sifications; group 2 (n=141) comprised patients who had
maintained their BMI categories (n=137) or had shifted to a
higher range compared to their preoperative BMIs (n=4). We
also performed subgroup analysis. Subgroup analysis was
classified as follows. Subgroup 1 (n=69) included patients
with BMI change from normal to underweight. Subgroup 2
(n=163) included patients with BMI change from obese to
normal BMI. Subgroup 3 (n=137) included patients who had
maintained their BMI.
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Fig. 1.  Body mass index shift after total gastrectomy.

Ki Bum Park, Impact of BMI on Quality of Life Postgastrectomy



Table 1. Characteristics of patients
Characteristic Group 1 (n=276) Group 2 (n=141) p-value
Age (yr) 59.2±11.1 58.7±11.9 0.664
Sex

Female 81 (29.3) 41 (29.1) 0.954
Male 195 (70.7) 100 (70.9)

Comorbidity
Cardiovascular 37 (13.4) 16 (11.3) 0.108
Cerebrovascular 4 (1.4) 1 (0.7)
Diabetes 14 (5.1) 3 (2.1)
Hepatic 4 (1.4) 2 (1.4)
Renal 1 (0.4) 0 (
Pulmonary 0 ( 3 (2.1)
Thyroid 3 (1.1) 2 (1.4)
Combined disease 14 (5.1) 2 (1.4)

Previous operation history
Gastrectomy 3 (1.1) 7 (5.0) 0.060
Lower anterior resection 2 (0.7) 0 (
Hysterectomy 1 (0.4) 0 (

Type of surgery
OTG 253 (91.7) 128 (90.8) 0.668
LATG 22 (8.0) 11 (7.8)
OTG with Whipple’s operation 1 (0.4) 2 (1.4)

Hospital stay (day) 12.4±9.9 11.3±4.8 0.107
Depth of invasion

T1a 72 (26.1) 22 (15.6) 0.001 
T1b 92 (33.3) 40 (28.4)
T2 25 (9.1) 19 (13.5)
T3 52 (18.8) 22 (15.6)
T4a 35 (12.7) 38 (27.0)

Lymph node metastasis
N0 205 (74.3) 90 (63.8) 0.040
N1 19 (6.9) 19 (13.5)
N2 27 (9.8) 12 (8.5)
N3 25 (9.1) 20 (14.2)

Stage
IA 156 (56.5) 59 (41.8) 0.085
IB 26 (9.4) 16 (11.3)
IIA 28 (10.1) 15 (10.6)
IIB 15 (5.4) 14 (9.9)
IIIA 15 (5.4) 8 (5.7)
IIIB 21 (7.6) 14 (9.9)
IIIC 15 (5.4) 15 (10.6)

Harvested lymph nodes 44.6±17.3 46.6±20.1 0.280
Chemotherapy 

Yes 61 (22.1) 51 (36.2) 0.002
No 215 (77.9) 90 (63.8)

Values are presented as number (%) or mean±standard deviation. Stage grouping by 7th edition of the American Joint Com-
mittee on Cancer classification. OTG, open total gastrectomy; LATG, laparoscopic assisted total gastrectomy.
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2. Surgery

Curative total gastrectomy, D2 lymph node dissection 
including total omentectomy, and Roux-en-Y esophagoje-
junostomy were performed in all patients. Reconstruction
procedures were performed extracorporeally using circular
staplers [15,16]. After surgery, patients were managed 
according to a clinical protocol that included the intake of
drinking water on the third postoperative day, followed by
the initiation of a liquid diet on the fourth postoperative day
and consumption of a soft diet on the fifth postoperative day.
Patients were scheduled to be discharged on the sixth post-
operative day.

3. QoL assessments

The Korean versions of the EORTC QLQ-C30 and EORTC
QLQ-STO22 were used to assess the QoL. Patients were
asked to complete the QLQ-C30 and QLQ-STO22 question-
naires preoperatively and at 1 year after surgery. The QoL
assessment was based on the responses to all items in ques-
tionnaires as completed by the responders themselves when
visiting the outpatient department. If questionnaires were 
returned with any responses missing, patients were 
instructed to complete such items. The raw values were lin-
early transformed into assessment scores ranging from 0 to
100 according to the manual provided by the EORTC. For

Variable
Group 1 (n=276) Group 2 (n=141)

Preoperative Postoperative p-value Preoperative Postoperative p-value
EORTC QLQ-C30

Global health status/QoLa) 61.7 64.4 0.744 61.0 66.5 0.416
Functional scalesa)

Physical functioning 86.3 79.8 0.495 87.3 81.1 0.436
Role functioning 90.8 79.6 0.389 89.2 81.4 0.381
Emotional functioning 79.6 80.9 0.199 82.3 82.7 0.328
Cognitive functioning 89.2 82.4 0.631 88.4 84.2 0.296
Social functioning 83.8 82.6 0.415 83.6 81.6 0.645

Symptom scales/itemsb)

Fatigue 21.6 32.2 0.802 22.1 30.5 0.393
Nausea and vomiting 9.0 16.2 0.071 12.4 11.8 0.035
Pain 11.8 15.5 0.967 11.7 12.2 0.058
Dyspnea 12.2 15.0 0.602 11.1 13.0 0.372
Insomnia 15.7 17.5 0.607 17.0 15.1 0.332
Appetite loss 14.4 20.2 0.025 20.0 13.0 0.003
Constipation 12.4 15.5 0.112 16.1 13.2 0.307
Diarrhea 13.4 26.9 0.588 12.3 22.5 0.080
Financial difficulties 18.7 21.1 0.271 15.8 19.4 0.521

EORTC QLQ-STO22b)

Dysphagia scale 6.6 16.9 0.140 8.5 14.6 0.118
Pain scale 15.2 22.2 0.125 18.0 18.5 0.120
Reflux symptoms scale 11.1 17.9 0.078 13.9 15.4 0.190
Eating restrictions scale 8.7 22.9 0.008 13.0 21.1 0.362
Anxiety scale 26.1 36.3 0.773 26.8 32.4 0.092
Having a dry mouth 18.4 25.8 0.623 19.6 23.2 0.320
Taste 6.4 15.1 0.165 9.0 10.9 0.051
Body image 19.3 37.4 0.225 22.9 32.9 0.113
Hair loss 18.9 29.5 0.552 21.5 27.1 0.558

Table 2. Comparison of QoL changes according to BMI shifting

Values are presented as mean score. Group 1: Patients whose BMIs were in lower categories compared to their preoperative
classifications. Group 2: Patients who had maintained their BMI categories or had shifted to a higher range compared to
their preoperative BMIs. QoL, quality of life; BMI, body mass index; EORTC QLQ, European Organization for Research and
Treatment Quality of Life Questionnaire. a)A higher score represents a better QoL, b)A higher score represents a worse QoL.
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global health status/QoL and multi-item function scales, a
higher score is interpreted as a high QoL and high/healthy
level of functioning; however, on symptom scales and single
parameters, higher scores reflect additional symptoms/prob-
lems. On the EORTC QLQ-STO22, a higher score is inter-
preted as a low QoL. 

4. Statistical analysis

Differences in baseline characteristics between two groups
were analyzed with Student’s t test for continuous variables
and the chi-square test for categorical variables.

Linear mixed models were used to assess how the surgery
affected the changes in QoL between groups and over time.
A p-value of < 0.05 was regarded as statistically significant.
All statistical analysis was conducted using SPSS software
ver. 22 (IBM Corp., Armonk, NY).

5. Ethical statement

The study was approved by the Institutional Review Board
of KNUH and KNUMC (approval numbers: 2016-08-025 and
2016-08-019, respectively) and performed in accordance with
the principles of the Declaration of Helsinki. The informed
consent was waived.

Results

1. Patients characteristics

Table 1 shows the clinicopathological characteristics of the
patients. There were no statistical differences in age, sex, 
comorbidity, previous surgical history, type of surgery,
length of hospital stay, number of harvested lymph nodes,
and pathological stage between groups 1 and 2.

2. Changes of QoL according to BMI shift

Mean QoL scores preoperatively and 1 year after surgery
in the two groups are shown in Table 2. The global health
status/QoL was improved after surgery in both groups.
Functional scalesexcept for the emotional scaleshowed
worse outcomes after surgery in both groups; the mean
scores of group 1 were lower than those of group 2 at 1 year
after surgery. Moreover, all symptom scales/category scores
of group 1 patients were higher compared to their preoper-
ative scores. Group 2 patients showed similar outcomes to
group1; however, the mean scores for nausea and vomiting,
insomnia, appetite loss, and constipation decreased after sur-
gery. With respect to the EORTC-STO22, the mean scores of
all scales and items increased after surgery, but the degree
of increase was greater in group 1 than in group 2.

We also plotted the mean QoL score changes between the
groups over time. Fig. 2 shows the changes in global health
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Fig. 2.  Changes in the quality of life (QoL) according to body mass index shifts 1 year after total gastrectomy, as assessed by
the global health status/QoL and functional scales of the European Organization for Research and Treatment of Cancer
Quality of Life Questionnaire C30. GH, global health status; PF2, physical functioning; RF2, role functioning; EF, emotional
functioning; CF, cognitive functioning; SF, social functioning.

Cancer Res Treat. 2018;50(3):852-860

856 CANCER  RESEARCH  AND  TREATMENT



status and functional scales between the two groups; global
health status and emotional functioning increased in both
groups with no significant difference. Scales other than emo-
tional functioning were lower in both groups after surgery,
without significant differences. Fig. 3 shows the changes of
symptom scales and categories between the two groups. The

QoL due to gastrointestinal symptoms, such as nausea and
vomiting (p=0.008), appetite loss (p=0.001), and constipation
(p=0.038), decreased significantly more in group 1 than in
group 2. Fig. 4 shows the changes in QLQ-STO22 categories
in both groups. Of these categories, dysphagia (p=0.013),
pain (p=0.012), reflux symptoms (p=0.017), dietary restric-
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Fig. 4.  Changes in the quality of life according to body mass index shifts 1 year after total gastrectomy, as assessed by symp-
tom scales/items of the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire STO22.
XDG, dysphagia; Xpain, pain; XRflx, reflux symptoms; XEatR, eating restrictions; Anx, anxiety; DM, having a dry mouth; T,
taste; BI, body image; HL, hair loss. *p < 0.05.
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tions (p=0.007), taste (p=0.009), and body image (p=0.009)
were associated with significantly worse QoLs in group 1
than in group 2.

Comparing between subgroup 1 and subgroup 2, age was
significantly older in subgroup 1 than subgroup 2 (62.1±10.7
and 58.3±11.5, respectively) and hospital stay was signifi-
cantly shorter in subgroup 1 than subgroup 2 (10.6±3.3 and
12.8±10.5, respectively). In the aspect of QoL, the global
health status/QoL (p=0.011), physical functioning (p=0.011),
and role functioning (p=0.026) were significantly decreased
in subgroup 1 than in subgroup 2. Also, when comparing 
between subgroup 2 and subgroup 3, characteristic of 
patients were significantly different in depth of invasion
(p=0.001), stage (p=0.048), and chemotherapy (p=0.004) 
between two groups. In the aspect of QoL, nausea and vom-
iting (p=0.010), appetite loss (p=0.001), constipation
(p=0.031), pain (p=0.016), eating restrictions (p=0.026), taste
(p=0.015), and body image (p=0.034) showed significantly
better QoL in subgroup 3 than in subgroup 2.

Discussion

The postoperative QoL in patients who undergo a gastrec-
tomy is dependent on various factors, such as the type of 
reconstruction, extent of gastric resection, and surgical 
approach [4,17-20]. In terms of the extent of gastric resection,
it is expected that patients who undergo total gastrectomy
experience significantly worse QoLs than patients who 
undergo distal gastrectomy during the postoperative period
[3,4]. Furthermore, patients who undergo total gastrectomy
more often experience impaired nutritional intake due to the
absence of the stomach, which limits the amount of food that
can be consumed in a single session and results in significant
body weight loss [21]. However, the degree of body weight
change after total gastrectomy may vary due to patients’ 
individual factors such as preoperative individual character-
istics, pathological characteristics, and the postoperative
course. Additionally, the preoperative BMI status may influ-
ence nutritional outcomes.

Consistent with previous studies [4,22], our results showed
that the overall global health status improved after surgery,
and that the functional scale (except emotional function) 
decreased after surgery regardless of shifts in BMI. As has
previously been shown [23], emotional functioning might be
related to depression caused by the initial diagnosis of can-
cer, and patients experience a feeling of relief from depres-
sion attributed to their disease over time. Our study showed
improvements in emotional functioning after surgery in both
groups. Functional scales might be more affected by the psy-

chic domain than the somatic domain compared to symptom
scales or QLQ-STO22. Our results showed no significant dif-
ferences in functional scales regardless of BMI shifts after
total gastrectomy.

With respect to symptom scales/categories and the QLQ-
STO22, previous studies showed that patients who under-
went total gastrectomy experienced nausea and vomiting,
dysphagia, reflux symptoms, eating restrictions, dry mouth,
and taste to a greater extent than those who underwent distal
gastrectomy [3,4]. A poorer QoL after total gastrectomy
might be affected by the surgical procedure itself, but the 
degree to which the QoL worsens might be different depend-
ing on BMI shifts. Deteriorating QoL scales/categories were
related to gastrointestinal symptoms and eating problems,
such as nausea and vomiting, appetite loss, constipation,
dysphagia, reflux symptoms, dietary restrictions, and taste.
These symptoms are related to various conditions, such as
preoperative patient characteristics, surgical methods, patho-
logical characteristics, and the postoperative course. As our
study design was to adjust for various conditions and other
potential confounding factors, the differences in QoL 
between the two groups may be related to symptoms of body
weight loss. Hence, patients who shifted to lower BMI cate-
gories after total gastrectomy ought to receive medical inter-
vention to improve their gastrointestinal symptoms and
eating problems. Moreover, it is important to reassure 
patients who fear eating because of dysphagia or who restrict
their diets, and to assist them in changing their eating habits
post-surgery to including smaller amounts of food while 
increasing the frequency of their meals.

Our data showed that body image was significantly poorer
in patients whose BMIs fell after total gastrectomy. The
EORTC QLQ-STO22 questionnaire included the query
“Have you felt physically less attractive as a result of your
disease or treatment?” Patients might regard weight loss as
negatively contributing to their body image; this is true even
if patients are in the normal BMI range after surgery. We
posit that this might be related to concern about weight loss,
which is one of the symptoms of malnourishment. Thus, 
patients who have a worse body image because of weight
loss should be accurately assessed in order to clarify their
BMI range. Additionally, it is critical that surgeons provide
precise body composition data to patients, and identify those
patients who have shifted to the underweight BMI category
while reporting on their poorer body image score after sur-
gery. Nutritional education and medical support are 
required for these patients. Moreover, reassuring patients 
regarding their body image is more important in those who
shift to a normal or above normal BMI category after surgery.

Most patients who undergo total gastrectomy experience
a BMI shift after surgery. The degrees of such shifts vary
among patients with different characteristics. Our data 
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regarding QoL differences according to BMI shifts after sur-
gery might be clinically significant, as most patients who 
underwent total gastrectomy were in the underweight or
normal BMI ranges. Approximately 20% of the patients were
in the underweight BMI category after total gastrectomy;
these patients ought to receive active medical intervention to
overcome nutritional deficits and deteriorated QoL. The 
majority of patients were in the normal BMI range after total
gastrectomy, including those who shifted to this group and
those who maintained their BMI categories. However, even
patients with normal BMI ranges after surgery may have dif-
ferent QoL statuses. Therefore, patients whose BMIs shifted
to a normal range after surgery should receive reassurance
concerning their QoL instead of symptom control and nutri-
tional education; the latter is more important in patients who
are underweight after surgery.

The subgroup analysis also supports the results of our
study. When comparing subgroup 1 between subgroup 2,
global health status/QoL and functional scales showed sig-
nificantly better QoL in subgroup 2 than in subgroup 1.
However, there were no significant differences between two
groups in symptoms scale and STO 22. These results might
be affected by the significant low age in subgroup 2 than in
subgroup 1. In subgroup 2 and subgroup 3 analysis, sub-
group 3 showed significant better QoL of similar items in our
initial results than in subgroup 2. From the 2 subgroup analy-
ses, it could be concluded that maintaining the BMI after sur-
gery showed better QoL than decreased BMI after surgery.
Some of the obese patients might experience relief of symp-
toms related to overweight because of loss of weight. Also,
in a healthy population, they can experience a better QoL by
reducing their weight. However, in cancer patients, patients
with decreased weight after surgery might believe that 
patients’ preoperative weight is considered to be a healthy
weight, and it seems to have worse QoL than whose weight
is maintained. Differences in the QoL due to weight changes
may require a different approach to healthy population and
cancer patients, as well as, maintaining BMI after surgery is
crucial to patients who underwent gastrectomy for gastric
cancer.

Notably, we did not observe a causal relationship between

body weight loss and QoL changes post-surgery. Although
our study design was to observe QoL change according to
BMI shifting after surgery, poorer QoL might have an inverse
correlation with body weight. In the first postsurgical year,
significant changes in body weight and QoL might influence
each other; therefore, it is difficult to determine a clear cor-
relation or causal relationship between them. Since BMI is an
objective index of body weight, we classified the patients by
BMI shifts after surgery rather than by body weight loss. Fur-
ther study is required to clarify the interrelationship between
nutritional parameters (including body weight and BMI) and
QoL after surgery.

As the distributions of BMI in Asian populations are dis-
tinctly left-shifted compared to those in Western populations,
the results of our study should be validated in Western coun-
tries. However, we focused on the BMI shifts, not actual dis-
tributions, to study correlations with QoL changes.

In this study, there was significant difference in the per-
centage of patients who received adjuvant chemotherapy 
between the two groups. Adjuvant chemotherapy might 
affect to QoL. However, as postoperative 1 year is considered
to be the time since the end of the adjuvant chemotherapy,
the impact of adjuvant chemotherapy on QoL might be not
significant. Also, there are few studies on the effect of adju-
vant chemotherapy on QoL in patients with gastric cancer.
Further study is needed to explore the impact of the adjuvant
chemotherapy after gastrectomy on QoL.

In conclusion, patients have significantly different QoLs
depending on their BMI shifts after total gastrectomy. Efforts
to reduce such declinations in QoL should include intensive
nutritional support and the restoration of dietary behaviors.
Appropriate clinical and institutional approaches, as well as
active medical interventions, are required for maintaining
BMI after surgery. Moreover, patients should be well 
informed that their QoL may change after surgery, and sur-
geons should make an effort to reassure patients postopera-
tively.
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Purpose
Little is known about combination of the circulating Epstein-Barr viral (EBV) DNA and tumor
volume in prognosis of stage II nasopharyngeal carcinoma (NPC) patients in the intensity
modulated radiotherapy (IMRT) era. We conducted this cohort study to evaluate the prog-
nostic values of combining these two factors.

Materials and Methods
By Kaplan-Meier, we compare the differences of survival curves between 385 patients with
different EBV DNA or tumor volume levels, or with the combination of two biomarkers men-
tioned above.

Results
Gross tumor volume of cervical lymph nodes (GTVnd, p < 0.001) and total tumor volume
(GTVtotal, p < 0.001) were both closely related to pretreatment EBV DNA, while gross tumor
volume of nasopharynx (GTVnx, p=0.047) was weakly related to EBV DNA. EBV DNA was
significantly correlated with progress-free survival (PFS, p=0.005), locoregional-free survival
(LRFS, p=0.039), and distant metastasis-free survival (DMFS, p=0.017), while GTVtotal, 
regardless of GTVnx and GTVnd, had a significant correlation with PFS and LRFS. The p-val-
ues of GTVtotal for PFS and LRFS were 0.008 and 0.001, respectively. According to GTVtotal
and pretreatment EBV DNA level, patients were divided into a low-risk group (EBV DNA 0
copy/mL, GTVtotal < 30 cm3; EBV DNA 0 copy/mL, GTVtotal  30 cm3; or EBV DNA > 0
copy/mL, GTVtotal < 30 cm3) and a high-risk group (EBV DNA > 0 copy/mL, GTVtotal  30
cm3). When patients in the low-risk group were compared with those in the high-risk group,
3-year PFS (p=0.003), LRFS (p=0.010), and DMFS (p=0.031) rates were statistically signif-
icant.

Conclusion
Pretreatment plasma EBV DNA and tumor volume were both closely correlated with prog-
nosis of stage II NPC patients in the IMRT era. Combination of EBV DNA and tumor volume
can refine prognosis and indicate for clinical therapy.

Key words
Nasopharyngeal carcinoma, Tumor burden, Epstein-Barr virus, 
Intensity modulated radiotherapy, Prognosis
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Introduction

Nasopharyngeal carcinoma (NPC) is an endemic malig-
nant tumor in South China and South Asia with obvious eth-
nic aggregation and geographical differences [1-3]. It was
once reported that NPC reached a peak incidence of 50 cases
per 100,000 individuals [4]. According to the 2016 National
Comprehensive Cancer Network (NCCN), radiotherapy
alone is a standard treatment modality for patients with stage
I NPC due to its anatomic location and relative radiosensi-
tivity. Cisplatin-based concurrent chemoradiotherapy
(CCRT) is recommended for patients with stage II NPC. 
Although our previous study had revealed that CCRT can
improve 5-year overall survival (OS), progress-free survival
(PFS), and distant metastasis-free survival (DMFS) rates by
nearly 10% in the stage II NPC patients, that study was only
based on 2-dimensional radiotherapy [5]. 

Recently, serial studies revealed that intensity modulated
radiotherapy (IMRT) improved survival rates compared
with 2-dimensional radiotherapy and 3-dimentional radio-
therapy and was considered a preferred radiotherapy for
NPC patients [6,7]. However, several studies also revealed
that CCRT could not improve survival rates of stage II NPC
patients, including PFS, locoregional-free survival (LRFS)
and DMFS, compared with IMRT [8,9]. Therefore, in the
IMRT era, whether CCRT can provide survival benefit for
stage II NPC patients treated by IMRT remained in debate.
Moreover, currently, there is still a lack of effective biomark-
ers to select those who have a higher risk of developing dis-
tant metastasis and to precisely predict the prognosis for
stage II patients. If that come true, the stage II patients with
low risk suffering treatment failure may only need to 
received radiation alone, and the patients with high risk to
develop distant metastasis may need more intensive treat-
ment. 

In the past 20 years, the survival and local control rate of
NPC patients has been greatly improved, and major pattern
of treatment failure for stage II NPC patients is still distant
metastasis [10]. Currently, the TNM staging system has long
been recognized as the most important prognostic indicator
for NPC patients, but patients with apparently equivalent 
International Union against Cancer classification, which is
based on nasopharyngeal anatomy, may display a mysteri-
ous heterogeneity and receive a totally different outcome
[11].

Recently, Mutirangura et al. [12] reported that Epstein-Barr
viral (EBV) DNA was closely correlated with long-term sur-
vival of NPC patients, and quantification of pretreatment
plasma EBV DNA has been widely used as a reliable bio-
marker for diagnosis, risk stratification, monitoring and pre-
diction of NPC prognosis [13-15]. While tumor volume is an

important factor in the prognosis of NPC treatment accord-
ing to several recent studies [16,17]. One study revealed that
the stage II patients with a large primary tumor volume 
(> 60 mL) had significantly inferior local control and disease-
specific survival, with the 5-year local control rate of 56% and
5-year survival rate of 53% [16]. Given that both pretreatment
EBV DNA and tumor volume were independent prognostic
factors for advanced NPC patients, whether combining pre-
treatment EBV DNA and tumor volume will improve the
prognostic stratification for stage II patients is still unknown.
Therefore, this study was to evaluate whether combining
pretreatment plasma EBV DNA levels and tumor volume
can refine the prognosis and complement the TNM system
to guide individual treatment for stage II patients in the clin-
ical practice.

Materials and Methods

1. Patients

In all, 385 non-metastatic patients with histologically con-
firmed primary NPC were prospectively recruited between
January 2011 and December 2013. The eligibility criteria are
as follows: (1) histologically confirmed primary NPC; (2) no
treatment before entering this study; (3) Eastern Cooperative
Oncology Group (ECOG) status of 0 to 2; (4) age  18 years;
(5) normal renal and hepatic function; (6) no evidence of dis-
tant metastases at initial diagnosis; and (7) complete pretreat-
ment EBV DNA and tumor volume data. Patient groups are
as follows: (1) lactation or pregnancy; (2) history of previous
or synchronous secondary malignant tumors; (3) refusing
treatment or quitting therapy during the process of receiving
treatment; or (4) loss of the follow-up data were excluded.
All patients were staged as stage II according to the seventh
edition of the International Union against Cancer/American
Joint Committee on Cancer staging system for NPC. 

2. Treatment

In our study, 198 patients were treated with IMRT alone,
and the remaining 187 patients were treated with CCRT. 
Details of the radiotherapy techniques were reported in a
previous study [18], with the dose of 68-70 Gy for the pri-
mary region and 60-68 Gy for metastatic cervical lymph
nodes. For the 187 patients treated with CCRT, 142 patients
received chemotherapy consisting of cisplatin given on the
first, fourth, and seventh week of radiotherapy, and 45 
patients received chemotherapy consisting of cisplatin given
every week during radiotherapy.
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3. EBV DNA measurement

Before treatment, blood samples were taken from each 
eligible patient for measurement of the plasma EBV DNA
level. Blood samples were saved temporarily in EDTA-con-
taining tubes until routinely measured by a real-time quan-
titative polymerase chain reaction. The detailed method was
described in previous studies [19]. In this study, we divided
the patients into a detectable group (> 0 copy/mL) and an
undetectable group (0 copy/mL) according to the pretreat-
ment plasma EBV DNA level.

4. Tumor volume measurement

At first, all patients received the computed tomography
(CT) simulation scan (Plus 4, Siemens, Erlangen, Germany),
including plain and enhanced CT, which extended from the
top of head to the 2-cm region below the sub-clavicle head
with a thickness of 3 mm. Then, contouring of the target 
region was determined by an IMRT planning system
(NOMOS, Pittsburgh, PA) based on the institutional treat-
ment protocol [20]. Our treatment plans were reviewed and
approved by at least three radiation oncologists. Finally,
tumor volume, regardless of gross tumor volume of 
nasopharynx (GTVnx) and gross tumor volume of cervical
lymph node (GTVnd), was calculated by the IMRT planning
system. GTVtotal was calculated by the addition of GTVnx
and GTVnd (GTVtotal=GTVnx+GTVnd). In our study, 
regional lymph nodes with a shortest axial diameter of 11
mm in the jugulodigastric region, 5 mm in the retropharyn-
geal region and 10 mm in all the other regions of the neck
were considered malignant. Besides, if there was a group of
three or more lymph nodes with a borderline size, and those
with necrosis or extracapsular spread in an irrespective size,
these were also considered malignant. 

5. Data collection

The following baseline clinical data of all eligible patients
were collected before treatment: sex, age, treatment, smoking
status, concurrent diseases, pathological type, performance
status grade evaluated by the ECOG, hereditary NPC, inva-
sion of retropharyngeal lymph nodes, cervical lymph nodes
and parapharyngeal space, viral capsid antigen (VCA)IgA,
early antigen (EA)IgA [21,22], plasma EBV DNA level,
GTVnx, and GTVnd.

6. Clinical outcome assessment and patient follow-up

After completion of their treatment, patients were evalu-
ated at 3-month intervals for the first 3 years and then at 
6-month intervals in the following years. In this study, our

primary endpoint was PFS, OS, LRFS, and DMFS were our
secondary endpoints. 

7. Definition of PFS, OS, LRFS, and DMFS

PFS was calculated from the date of initial treatment of
NPC to the date of first relapse at any site, to the date of
death due to any cause, or to the date of the last follow-up
visit if patients were still alive. OS was calculated from the
date of initial treatment of NPC to the date of death due to
any cause, or to the date of the last follow-up visit of the 
patient. LRFS and DMFS were calculated from the date of
initial treatment of NPC to the date of locoregional relapse
and distant relapse, respectively, or to the date of the last fol-
low-up visit. Patients who were still alive on the last follow-
up date were censored on the date of the last follow-up.
Patients who lost contact in the process of following up were
censored on the date of the last contact.

8. Statistics 

In our study, characteristics of the patients were described
by the frequency and their corresponding percentages. Con-
tinuous variables in this study were described by median
values if non-normal or mean (standard deviation), followed
by their 25th-75th percentiles (interquartile range [IQR]). We
also utilized the receiver operating characteristic (ROC)
curve analysis to choose the optimum cutoff point of total
tumor volume (GTVtotal) GTVnx, and GTVnd. In brief, the
specificity and sensitivity for the outcome being studied at
each cutoff point were plotted to generate a ROC curve. The
one localized closest to the point at both maximum specificity
and sensitivity was chosen to be the optimum cutoff point.
The Spearman correlation test was performed to evaluate the
relationship between EBV DNA levels and GTVtotal, GTVnx,
and GTVnd. The Mann-Whitney U test was utilized to com-
pare the differences of the plasma EBV DNA level and that
of GTVtotal in different subgroups separated by the involve-
ment status of retropharyngeal lymph nodes, cervical lymph
nodes and parapharyngeal space or clinical outcomes 
(locoregional failure, distant failure, or death). The Kaplan-
Meier method and log-rank test were then used to evaluate
the differences in survival probabilities for PFS, OS, LRFS,
and DMFS between four subgroups divided according to the
EBV DNA levels and tumor volume (details as follows). 
Potentially important prognostic factors (age, sex, treatment,
smoking status, NPC history, involvement of parapharyn-
geal space, retropharyngeal lymph node and cervical lymph
node, VCA-IgA, EA-IgA and combination of tumor volume
and EBV DNA) were entered into multivariate analysis using
Cox proportional hazards model. Finally, hazard ratios
(HRs) as well as their corresponding 95% confidence inter-
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vals (CIs) were estimated by means of the Cox proportional
hazards regression. All p-values quoted in this study were
two-sided, and a p-value of  0.05 was considered to be sta-
tistically significant. Statistics analyses were all performed
utilizing the IBM SPSS ver. 20.0 (IBM Corp., Armonk, NY). 

9. Ethical statement

This study was approved by the Clinical Research Ethics
Committee of Sun Yat-sen University Cancer Center. Before
treatment, written informed consent was obtained from each
patient.

Results

1. Patient characteristics

The characteristics of the 385 eligible patients with stage II
NPC are listed in Table 1. Among these 385 NPC patients, 12
patients finally developed locoregional failure alone, 11 
patients developed distant failure alone, one patient devel-
oped both locoregional and distant failures, and six patients
died due to any cause. The median follow-up time was 49.87
months, with an IQR of 16.22 (42.01-58.23). The 3-year PFS
rate, LRFS rate, DMFS rate, and OS rate were 93.5%, 96.6%,
96.9%, and 98.4%, respectively. The median value of the EBV
DNA was 0 copy/mL, with a detection rate of 41.8%. The
median values of the GTVtotal, GTVnx, and GTVnd were
25.70 cm3, 16.30 cm3, and 6.70 cm3, respectively. 

Of the 385 eligible patients, the median EBV DNA levels
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Table 1. Patient characteristics 
Characteristic No. of patients (%)  
Age (yr)

< 45 170 (44.2)
 45 215 (55.8)

Sex
Male 116 (30.1)
Female 269 (69.9)

Treatment
Radiotherapy (IMRT) 198 (51.4)
Concurrent chemoradiotherapy 187 (48.6)

Pathological type
WHO II 4 (1.0)
WHO III 381(99.0)

ECOG
0 35 (9.1)
1 350 (90.9)

Smoking status
Yes 82 (21.3)
No 279 (72.5)
Formerly, but now quit 24 (6.2)

History of NPC
Yes 48 (12.5)
No 337 (87.5)

T category
1 201 (52.2)
2 184 (47.8)

N category
0 49 (12.7)
1 336 (87.3)

Involvement of retropharyngeal lymph nodes
Yes 250 (64.9)
No 135 (35.1)

Involvement of cervical lymph nodes
Yes 195 (50.6)
No 190 (49.4)

Involvement of parapharyngeal space
Yes 167 (43.4)
No 218 (56.6)

VCA-IgA
< 1:80 116 (30.1)
 1:80 269 (69.9)

EA-IgA
< 1:10 160 (41.6)
 1:10 225 (58.4)

EBV DNA (copy/mL)
0 224 (58.2)
> 0 161 (41.8)

GTVtotal (cm3)
< 30 233 (60.5)
 30 152 (39.5)

Table 1. Continued 

IMRT, intensity-modulated radiotherapy; WHO, World
Health Organization; ECOG, Eastern Cooperative Oncol-
ogy Group; NPC, nasopharyngeal carcinoma; VCA, viral
capsid antigen; EA, early antigen; EBV, Epstein-Barr virus;
GTVtotal, GTVnx+GTVnd; GTVnx, gross target volume of
nasopharynx; GTVnd, gross target volume of cervical
lymph node.

Characteristic No. of patients (%)  
GTVnx (cm3)

< 20 246 (63.9)
 20 139 (36.1)

GTVnd (cm3)
< 10 241 (62.6)
 10 144 (37.4)
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of the patients with (n=25) or without (n=360) progression
were 601.0 copies/mL (IQR, 0 to 16,450.0) and 0 copy/mL
(IQR, 0 to 1,687.5), respectively (p=0.008). Median EBV DNA
levels of the patients with (n=12) or without (n=373) distant
failure were 2,545.0 copies/mL (IQR, 122.3 to 20,875.0) and
0 copy/mL (IQR, 0 to 1,935.0), respectively (p=0.013). For
GTVtotal, the median values with (n=25) or without (n=360)
progression were 35.20 cm3 (IQR, 22.75 to 50.35) and 24.60
cm3 (IQR, 16.80 to 35.95), respectively (p=0.015). Median val-
ues with (n=13) or without (n=372) locoregional failure were
38.50 cm3 (IQR, 31.65 to 55.65) and 24.70 cm3 (IQR, 16.80 to
36.38), respectively (p=0.002). 

The detectable rates of pretreatment plasma EBV DNA for
patients with or without involvement of retropharyngeal
lymph nodes, cervical lymph nodes and parapharyngeal
space were 46.8% vs. 32.6%, 54.9% vs. 28.4%, and 46.7% vs.
38.1%, respectively. The median EBV DNA level and GTV-
total of patients with involvement of retropharyngeal lymph
nodes were 0 copy/mL (IQR, 0 to 4,105.0) and 27.8 cm3 (IQR,
19.2 to 40.9), respectively, compared with 0 copy/mL (IQR,
0 to 513.0, p=0.003) and 21.6 cm3 (IQR, 15.2 to 32.4, p < 0.001)
for patients without involvement of retropharyngeal lymph

nodes. Those of patients with involvement of cervical lymph
nodes were 345.0 copies/mL (IQR, 0 to 6,710.0) and 30.6 cm3

(IQR, 19.6 to 43.9), compared with 0 copy/mL (IQR, 0 to 94.0,
p < 0.001) and 23.1 cm3 (IQR, 15.4 to 31.1; p < 0.001) for 
patients without metastasis of cervical lymph nodes. GTV-
total for patients with or without involvement of parapha-
ryngeal space was 29.6 cm3 (IQR, 20.6 to 44.0) and 23.2 cm3

(IQR, 15.4 to 34.4; p < 0.001), respectively. Detailed values are
listed in Table 2.

2. Determination of the optimum cutoff value for tumor
volume

As described above, the optimum cutoff point of tumor
volume was determined by the ROC curve analysis. As pre-
sented in S1A Fig., because our primary endpoint was PFS
in this study, the optimum cutoff point of tumor volume for
PFS was 29.35 cm3. In addition, for potential acceptance and
application in clinical procedures, we chose the nearest inte-
ger, 30 cm3, as the optimum cutoff point in this study. Simi-
larly, optimum cutoff points of GTVnx and GTVnd were 
20 cm3 and 10 cm3, respectively (S1B and S1C Fig.). 

Qiu-Yan Chen, Impact of GTV and EBV DNA on NPC Prognosis

Event
EBV DNA (copy/mL) GTVtotal (cm3)

Median IQR p-value Median IQR p-value
Locoregional failure

With 601.0 0-19,600.0 0.054 38.50 31.65-55.65 0.002 
Without 0 0-2,065.0 24.70 16.80-36.38

Distant failure
With 2,545.0 122.3-20,875.0 0.013 29.55 15.90-48.88 0.600 
Without 0 0-1,935.0 25.40 17.00-37.20

Progress due to any cause
With 601.0 0-16,450.0 0.008 35.20 22.75-50.35 0.015 
Without 0 0-1,687.5 24.60 16.80-35.95

Death
With 91.6 0-28,120.0 0.777 33.10 10.58-53.43 0.727 
Without 0 0-2,430.0 25.40 17.00-38.20

Involvement of retropharyngeal lymph nodes
Yes 0 0-4,105.0 0.003 27.8 19.2-40.9 < 0.001
No 0 0-513.0 21.6 15.2-32.4

Involvement of cervical lymph nodes
Yes 345.0 0-6,710.0 < 0.001 30.6 19.6-43.9 < 0.001
No 0 0-94.0 23.1 15.4-31.1

Involvement of parapharyngeal space
Yes 0 0-4,030.0 0.064 29.6 20.6-44.0 < 0.001
No 0 0-1,345.0 23.2 15.4-34.4

Table 2. Differences of EBV DNA and tumor volume in the subgroups with or without specific events

EBV, Epstein-Barr virus; GTVtotal, gross target volume of nasopharynx+gross target volume of cervical lymph node; IQR,
interquartile range.
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3. Association of GTVtotal, GTVnx, and GTVnd with EBV
DNA

By means of Spearman correlation analysis, we found that
both GTVtotal and GTVnd were correlated with EBV DNA,
with the correlation coefficients of 0.360 (p < 0.001) and 0.379
(p < 0.001), respectively. However, the GTVnx was weakly
correlated with EBV DNA, with the correlation coefficient of
0.101 (p=0.047).

4. Association of EBV DNA and GTVtotal with LRFS,
DMFS, PFS, and OS

In this study, we found that patients with detectable EBV
DNA (> 0 copy/mL) had shorter PFS, LRFS, and DMFS com-
pared with those with undetectable EBV DNA (0 copy/mL).
The 3-year PFS, LRFS, and DMFS rates for the detectable and
undetectable EBV DNA groups were 89.1% vs. 96.4%, 94.3%
vs. 98.2%, and 94.2% vs. 98.6%, with corresponding p-values

Cancer Res Treat. 2018;50(3):861-871

Fig. 1.  Progression-free survival by Kaplan-Meier analysis, comparing the undetectable Epstein-Barr virus (EBV) DNA
group with the detectable EBV DNA group (A), larger and smaller gross target volume of nasopharynx (GTVnx)+gross
target volume of cervical lymph node (GTVnd) (GTVtotal) group (B), GTVnx group (C), and GTVnd group (D). 
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of 0.005, 0.039, and 0.017, respectively (Fig. 1A, S2A and 
S2B Fig.). However, there was no difference in 3-year OS rate 
between detectable and undetectable EBV DNA groups
(p=0.769) (S2C Fig.). Similarly, we also noted that patients
with a larger GTVtotal ( 30 cm3) had shorter PFS and LRFS
compared with those patients with a smaller GTVtotal (< 30
cm3). The 3-year PFS and LRFS rates for the larger and

smaller GTVtotal groups were 89.2% vs. 96.1% and 92.6% vs.
99.1%, respectively, with the corresponding p-values of 0.008
and 0.001 (Fig. 1B, S3A Fig.). There was also no difference in
3-year DMFS (p=0.431) (S3B Fig.) and OS rate (p=0.620) 
(S3C Fig.) between the larger and smaller GTVtotal groups.
Similar phenomena were observed for GTVnx and GTVnd
as that of tumor volume (Fig. 1C and D, S4 and S5 Figs.).

Fig. 2.  Progression-free survival (A), distant metastasis-free survival (B), and locoregional-free survival (C) by Kaplan-Meier
analysis, comparing the low-risk group (Epstein-Barr virus [EBV] DNA 0 copy/mL, gross target volume of nasopharynx+
gross target volume of cervical lymph node [GTVtotal] < 30 cm3 or  30 cm3; or EBV DNA > 0 copy/mL, GTVtotal < 30 cm3)
and high-risk group (EBV DNA > 0 copy/mL, GTVtotal  30 cm3).
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Fig. 3.  Differences between low-risk group (Epstein-Barr virus [EBV] DNA 0 copy/mL, gross target volume of nasophar-
ynx+gross target volume of cervical lymph node [GTVtotal] < 30 cm3 or  30 cm3; or EBV DNA > 0 copy/mL, GTVtotal
< 30 cm3) and high-risk group (EBV DNA > 0 copy/mL, GTVtotal  30 cm3) in patients treated with intensity modulated 

radiotherapy (A) and concurrent chemoradiotherapy (B) for progression-free survival by Kaplan-Meier analysis.
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Variable
Multivariate analysis

HR 95% CI p-value
Age ( 45 yr vs. < 45 yr) 0.468 0.207-1.056 0.067
Sex (male vs. female) 1.295 0.445-3.770 0.635
Treatment (CCRT vs. RT) 1.232 0.506-2.999 0.646
Smoking status (used or yes vs. no) 1.620 0.660-3.973 0.292
NPC history (yes vs. no) 0.581 0.134-2.522 0.468
Involvement of parapharyngeal space (yes vs. no) 1.278 0.562-2.903 0.559
Involvement of retropharyngeal lymph node (yes vs. no) 0.451 0.195-1.039 0.062
Involvement of cervical lymph node (yes vs. no) 0.998 0.421-2.364 0.996
VCA-IgA ( 1:80 vs. < 1:80) 2.719 0.579-12.768 0.205
EA-IgA ( 1:10 vs. < 1:10) 1.101 0.335-3.622 0.874
Combination of GTVtotal and EBV DNA 2.804 1.113-7.064 0.029
(low-risk group vs. high-risk group)

Table 3. Multivariate Cox proportional hazards analysis

HR, hazard ratio; CI, confidence interval; CCRT, concurrent chemoradiotherapy; RT, radiotherapy; NPC, nasopharyngeal
carcinoma; VCA, viral capsid antigen; EA, early antigen; GTVtotal, gross target volume of nasopharynx+gross target volume
of cervical lymph node; EBV, Epstein-Barr virus. 
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5. Combination of EBV DNA and tumor volume improved
prognostic stratification for stage II NPC patients

According to the results described as above, both EBV
DNA and GTVtotal are effective prognostic factors for PFS,
LRFS, and DMFS, but not for OS. Therefore, we divided the
entire population into four groups according to the cutoff
points of pretreatment EBV DNA level and GTVtotal men-
tioned above: the undetectable EBV DNA (0 copy/mL) and
smaller GTVtotal (< 30 cm3) group (group A), the unde-
tectable EBV DNA and larger GTVtotal ( 30 cm3) group
(group B), the detectable EBV DNA (> 0 copy/mL) and
smaller GTVtotal group (group C), and the detectable EBV
DNA and larger GTVtotal group (group D). Interestingly, we
found that there was no statistical significance for 3-year PFS
and DMFS rates between group A and group B, groups B
and C, and groups A and C. Therefore, we further divided
the patients into the high-risk group (EBV DNA > 0 copy/mL,
GTVtotal  30 cm3) and low-risk group (EBV DNA 0 copy/mL,
GTVtotal < 30 cm3; EBV DNA 0 copy/mL, GTVtotal  30 cm3;
or EBV DNA > 0 copy/mL, GTVtotal < 30 cm3). Differences
for PFS, LRFS, and DMFS (Fig. 2) were statistically significant
between the low-risk group and the high-risk group. The 
3-year PFS, LRFS, and DMFS rates between the low-risk and
high-risk groups were 95.5% vs. 86.8% (p=0.003), 97.9% vs.
92.3% (p=0.010), and 97.9% vs. 93.4% (p=0.031), respectively.

6. Differences between the low-risk group and high-risk
group in patients treated with radiotherapy alone or con-
current radiochemotherapy

In our study, Kaplan-Meier method and log-rank test were
used to evaluate the differences between the low-risk group
and high-risk group in patients treated with radiotherapy
(RT) (n=198) alone and in patients treated with CCRT
(n=187). Differences between the low-risk group and high-
risk group in patients treated with RT alone were not statis-
tically significant for PFS, with 3-year PFS rates of 95.9% vs.
87.0% (p=0.064). Similarly, differences between the low-risk
group and high-risk group in patients treated with CCRT
were also not statistically significant for PFS, with 3-year PFS
rates of 94.8% vs. 86.7% (p=0.055). Detailed information is
shown in Fig. 3.

7. Multivariate analysis

The results of multivariate analysis are listed in Table 3. In
this study, we found that only the combination of tumor vol-
ume and pretreatment plasma EBV DNA level (low-risk
group vs. high-risk group) reached a p-value of  0.05, with
a corresponding HR value of 2.804 (95% CI, 1.113 to 7.064).

Discussion

To the best of our knowledge, this is the first study to com-
bine tumor volume and pretreatment plasma EBV DNA level
to evaluate the prognosis of stage II NPC patients. In our
study, we found that both pretreatment plasma EBV DNA
and tumor volume were independent factors for PFS. Pre-
treatment plasma EBV DNA was found to be more closely
correlated with distant metastasis, while tumor volume was
found to be more closely correlated with locoregional 
relapse. The combination of these two factors can improve
prognostic stratification for stage II NPC patients. 

According to the correlation analysis, we found that both
GTVnd and GTVtotal had statistically significant relation-
ships with pretreatment plasma EBV DNA. However,
GTVnx was weakly correlated to EBV DNA. We also found
that both EBV DNA and GTVtotal were statistically signifi-
cant between patients with or without involvement of
retropharyngeal, cervical lymph nodes and parapharyngeal
space, indicating that both EBV DNA and tumor volume are
closely related to invasion of retropharyngeal, cervical lymph
nodes and parapharyngeal space. These results indicate that
both EBV DNA and tumor volume may be correlated to
prognosis of stage II NPC patients. A former study consid-
ered that plasma EBV DNA may come from necrotic tumor
cells and indicate the tumor loading [23]. Thus, our results
revealed that EBV DNA may have a close relationship with
cervical lymph nodes. This finding is the same as a previous
study [24]. It further confirms the result that EBV DNA levels
were significantly different in patients with or without dis-
tant metastasis, due to the close relationship between distant
metastasis and lymph nodes. These results led us to evaluate
whether combining the tumor volume and EBV DNA will
improve prognostic stratification for stage II NPC patients.

In our study, we also found that patients with detectable
pretreatment plasma EBV DNA had a shorter 3-year PFS,
LRFS, and DMFS rate compared with those with unde-
tectable EBV DNA. It revealed that EBV DNA is an effective
indicator for predicting disease progress or distant relapse.
This result is similar to two former studies [24,25]. In addi-
tion, we found that patients with larger GTVnx and GTVnd
had a shorter 3-year PFS and LRFS rate but not a shorter 
3-year DMFS rate. This can be explained because the larger
the tumor volume before treatment, the higher the risk of 
locoregional relapse. These results indicate that both EBV
DNA and tumor volume can be effective biomarkers to pre-
dict the disease progress for stage II NPC patients. However,
the 3-year OS rates were not statistically significant for both
EBV DNA and tumor volume. This may be because our fol-
low-up time is not long enough.

When comparing the low-risk group with the high-risk
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group, we found that 3-year PFS, LRFS, and DMFS rates
were all statistically significant. Multivariate analysis
showed that only the combination of tumor volume and pre-
treatment plasma EBV DNA level (low-risk group vs. high-
risk group) was significantly correlated with PFS. These
results confirm our assumption that the combination of
tumor volume and pretreatment plasma EBV DNA level can
refine the prognostic value for stage II NPC patients. How-
ever, in further analysis, we found that there were no statis-
tically significant differences for PFS between the low-risk
group and the high-risk group in patients treated with IMRT
alone and those treated with CCRT. This result can also be
confirmed by three other studies [13-15]. Moreover, another
study showed that there was a statistically significant differ-
ence between patients treated with IMRT alone and those
treated with CCRT only for LRFS [26]. These results reveal
that in the IMRT era, patients with stage II NPC do not gain
a better prognosis even when receiving CCRT. A stronger in-
tensity of dose may be necessary for a better prognosis. And
it needs our further study to confirm.

To the best of our knowledge, both EBV DNA and tumor
volume can be used as biomarkers for predicting the prog-
nosis of NPC, and several studies had confirmed this result.
There have been only four studies revealing the relationship
between pretreatment plasma EBV DNA and tumor volume
[23,27-29]. However, these studies were based on either 
advanced NPC or all-staged NPC. Neither revealed the rela-
tionship between pretreatment plasma EBV DNA and tumor
volume in early-staged NPC, especially stage II, which can
be treated by radiotherapy alone or CCRT. Therefore, we
performed this research based on stage II NPC to evaluate
the efficacy of combining pretreatment plasma EBV DNA
and tumor volume as a prognostic factor for NPC. This is an
advantage of our study.

However, there are also limitations in our research. The
first limitation is that our follow-up time is not long enough:
there should be further follow-up time if possible. The sec-
ond limitation is that the measurement of the tumor volume
in our study was based on the magnetic resonance imaging
and CT scan, since some countries use the positron emission
tomographycomputed tomography scans for staging work-
up (especially in stage III-IV) as the reference for definition
of target volumes. Therefore, accurate discrimination of real

tumors in different institute could be challenging. The third
limitation is that all the eligible patients came from the same
center. Therefore, more studies are needed to confirm our
study.

In summary, the combination of pretreatment EBV DNA
and tumor volume can refine the prognosis of NPC patients
and complement the TNM system to reach an excellent pre-
diction. Further studies are needed to set an optimum cutoff
point for clinical use. Our study can help indicate individual
treatment for NPC patients in future clinical practice.

Electronic Supplementary Material

Supplementary materials are available at Cancer Research and
Treatment website (http://www.e-crt.org).

Conflicts of Interest

Conflict of interest relevant to this article was not reported.

Acknowledgments 

We gratefully recognize the patients who participated in this
study. This study was partly supported by the Ministry of Science
and Technology of China (No. 2011CB504300) and the National Nat-
ural Science Foundation of China (81025014, 81230045, 81201629,
91019015, 81071932, 30600755, and 81072226), the 863 Project (No.
2012AA02A501), the National Key Basic Research Program of China
(No. 2013CB910304), the Sci-Tech Project Foundation of Guangdong
Province (No. 2011B080701034; No. 2011B031800161), the Sci-Tech
Project Foundation of Guangzhou City (No. 2011J4300100), the Sun
Yat-sen University Clinical Research 5010 Program, the Sun Yat-sen
University Cancer Center Clinical Research 308 Program and the
Fundamental Research Funds for the Central Universities.

Author Details

1Sun Yat-sen University Cancer Center, State Key Laboratory of 
Oncology in South China, Collaborative Innovation Center for Can-
cer Medicine, Guangzhou, 2Department of Nasopharyngeal Carci-
noma, Sun Yat-sen University Cancer Center, Guangzhou, 3ZhongShan
School of Medicine, Sun Yat-sen University, Guangzhou, China

1. Choa G. Nasopharyngeal carcinoma. Some observations on
the clinical features and technique of examination. Pac Med
Surg. 1967;75:172-4.

2. Cao SM, Simons MJ, Qian CN. The prevalence and prevention
of nasopharyngeal carcinoma in China. Chin J Cancer. 2011;30:
114-9.

References

870 CANCER  RESEARCH  AND  TREATMENT



Qiu-Yan Chen, Impact of GTV and EBV DNA on NPC Prognosis

3. Lee AW, Ng WT, Chan YH, Sze H, Chan C, Lam TH. The bat-
tle against nasopharyngeal cancer. Radiother Oncol. 2012;104:
272-8.

4. Wee JT, Ha TC, Loong SL, Qian CN. Is nasopharyngeal cancer
really a "Cantonese cancer"? Chin J Cancer. 2010;29:517-26.

5. Chen QY, Wen YF, Guo L, Liu H, Huang PY, Mo HY, et al.
Concurrent chemoradiotherapy vs radiotherapy alone in stage
II nasopharyngeal carcinoma: phase III randomized trial. J
Natl Cancer Inst. 2011;103:1761-70.

6. Lai SZ, Li WF, Chen L, Luo W, Chen YY, Liu LZ, et al. How
does intensity-modulated radiotherapy versus conventional
two-dimensional radiotherapy influence the treatment results
in nasopharyngeal carcinoma patients? Int J Radiat Oncol Biol
Phys. 2011;80:661-8.

7. Peng G, Wang T, Yang KY, Zhang S, Zhang T, Li Q, et al. A
prospective, randomized study comparing outcomes and tox-
icities of intensity-modulated radiotherapy vs. conventional
two-dimensional radiotherapy for the treatment of nasopha-
ryngeal carcinoma. Radiother Oncol. 2012;104:286-93.

8. Su Z, Mao YP, Tang J, Lan XW, OuYang PY, Xie FY. Long-term
outcomes of concurrent chemoradiotherapy versus radiother-
apy alone in stage II nasopharyngeal carcinoma treated with
IMRT: a retrospective study. Tumour Biol. 2016;37:4429-38.

9. Zhang F, Zhang Y, Li WF, Liu X, Guo R, Sun Y, et al. Efficacy
of concurrent chemotherapy for intermediate risk NPC in the
intensity-modulated radiotherapy era: a propensity-matched
analysis. Sci Rep. 2016;5:17378.

10. Ji MF, Huang QH, Yu X, Liu Z, Li X, Zhang LF, et al. Evalua-
tion of plasma Epstein-Barr virus DNA load to distinguish 
nasopharyngeal carcinoma patients from healthy high-risk
populations in Southern China. Cancer. 2014;120:1353-60.

11. Wei WI, Sham JS. Nasopharyngeal carcinoma. Lancet. 2005;
365:2041-54.

12. Mutirangura A, Pornthanakasem W, Theamboonlers A, Sriu-
ranpong V, Lertsanguansinchi P, Yenrudi S, et al. Epstein-Barr
viral DNA in serum of patients with nasopharyngeal carci-
noma. Clin Cancer Res. 1998;4:665-9.

13. Chan AT, Lo YM, Zee B, Chan LY, Ma BB, Leung SF, et al.
Plasma Epstein-Barr virus DNA and residual disease after 
radiotherapy for undifferentiated nasopharyngeal carcinoma.
J Natl Cancer Inst. 2002;94:1614-9.

14. Lo YM, Chan LY, Lo KW, Leung SF, Zhang J, Chan AT, et al.
Quantitative analysis of cell-free Epstein-Barr virus DNA in
plasma of patients with nasopharyngeal carcinoma. Cancer
Res. 1999;59:1188-91.

15. Lin JC, Wang WY, Chen KY, Wei YH, Liang WM, Jan JS, et al.
Quantification of plasma Epstein-Barr virus DNA in patients
with advanced nasopharyngeal carcinoma. N Engl J Med.
2004;350:2461-70.

16. Chen MK, Chen TH, Liu JP, Chang CC, Chie WC. Better pre-
diction of prognosis for patients with nasopharyngeal carci-
noma using primary tumor volume. Cancer. 2004;100:2160-6.

17. Chua DT, Sham JS, Kwong DL, Tai KS, Wu PM, Lo M, et al.
Volumetric analysis of tumor extent in nasopharyngeal carci-
noma and correlation with treatment outcome. Int J Radiat

Oncol Biol Phys. 1997;39:711-9.
18. Ma J, Liu L, Tang L, Zong J, Lin A, Lu T, et al. Retropharyngeal

lymph node metastasis in nasopharyngeal carcinoma: prog-
nostic value and staging categories. Clin Cancer Res. 2007;13:
1445-52.

19. Tang LQ, Chen QY, Fan W, Liu H, Zhang L, Guo L, et al.
Prospective study of tailoring whole-body dual-modality
[18F]fluorodeoxyglucose positron emission tomography/com-
puted tomography with plasma Epstein-Barr virus DNA for
detecting distant metastasis in endemic nasopharyngeal car-
cinoma at initial staging. J Clin Oncol. 2013;31:2861-9.

20. Zhao C, Han F, Lu LX, Huang SM, Lin CG, Deng XW, et al.
Intensity modulated radiotherapy for local-regional advanced
nasopharyngeal carcinoma. Ai Zheng. 2004;23(11 Suppl):
1532-7.

21. Chen WS, Lu JX, Ye SX. Application of combined detection of
EBV VCA-IgA and EA-IgA antibodies in the diagnosis of
NPC. J Trop Med. 2010;10:434-6.

22. Cho W. Molecular biomarker discovery and progress in 
nasopharyngeal carcinoma. Cancer Res. 2007;67(9 Suppl):
Abstr LB-49.

23. Chen M, Yin L, Wu J, Gu JJ, Jiang XS, Wang DJ, et al. Impact
of plasma Epstein-Barr virus-DNA and tumor volume on
prognosis of locally advanced nasopharyngeal carcinoma. Bio-
med Res Int. 2015;2015:617949.

24. Chen WH, Tang LQ, Guo SS, Chen QY, Zhang L, Liu LT, et al.
Prognostic value of plasma Epstein-Barr virus DNA for local
and regionally advanced nasopharyngeal carcinoma treated
with cisplatin-based concurrent chemoradiotherapy in inten-
sity-modulated radiotherapy era. Medicine (Baltimore). 2016;95:
e2642.

25. Lo YM, Leung SF, Chan LY, Chan AT, Lo KW, Johnson PJ, et
al. Kinetics of plasma Epstein-Barr virus DNA during radia-
tion therapy for nasopharyngeal carcinoma. Cancer Res.
2000;60:2351-5.

26. Guo Q, Lu T, Lin S, Zong J, Chen Z, Cui X, et al. Long-term
survival of nasopharyngeal carcinoma patients with Stage II
in intensity-modulated radiation therapy era. Jpn J Clin Oncol.
2016;46:241-7.

27. Ma BB, King A, Lo YM, Yau YY, Zee B, Hui EP, et al. Relation-
ship between pretreatment level of plasma Epstein-Barr virus
DNA, tumor burden, and metabolic activity in advanced 
nasopharyngeal carcinoma. Int J Radiat Oncol Biol Phys.
2006;66:714-20.

28. Hou X, Zhao C, Guo Y, Han F, Lu LX, Wu SX, et al. Different
clinical significance of pre- and post-treatment plasma 
Epstein-Barr virus DNA load in nasopharyngeal carcinoma
treated with radiotherapy. Clin Oncol (R Coll Radiol).
2011;23:128-33.

29. Ma BB, Mo FK, Chan AT, Hui EP, Leung SF, Lo YM, et al. The
prognostic significance of tumor vascular invasion and its 
association with plasma Epstein-Barr virus DNA, tumor vol-
ume and metabolic activity in locoregionally advanced 
nasopharyngeal carcinoma. Oral Oncol. 2008;44:1067-72.

VOLUME 50 NUMBER 3 JULY 2018  871



│ http://www.e-crt.org │872 Copyright ⓒ 2018 by  the Korean Cancer Association
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Cancer Res Treat. 2018;50(3):872-882

pISSN 1598-2998, eISSN 2005-9256

https://doi.org/10.4143/crt.2017.283

Open Access

NUDT15 Variants Cause Hematopoietic Toxicity with Low 6-TGN Levels
in Children with Acute Lymphoblastic Leukemia

Original Article

Purpose
We aimed to identify the impact of NUDT15 variants on thiopurine intolerance and 
6-thioguanine nucleotide (6-TGN) levels in Korean children with acute lymphoblastic
leukemia (ALL). 

Materials and Methods
Genotyping of NUDT15 was tested in 258 patients with ALL registered at Samsung Medical
Center. Patients were classified into normal-activity (wild-type), intermediate-activity (het-
erozygous variant), and low-activity groups (homozygous or compound heterozygous variant).
Clinical and laboratory features during the first year of maintenance therapy were investi-
gated. 

Results
A total of 182 patients were included in the final analysis. There were five (2.7%), 46
(25.3%), and 131 (72.0%) patients in low-, intermediate-, and normal-activity groups, 
respectively. The lowest 6-mercaptopurine (6-MP) dose (mg/m2/day) was administered to
the low-activity group (low-activity group 7.5 vs. intermediate-activity group 24.4 vs. normal-
activity group 31.1, p < 0.01) from three months to a year after beginning maintenance
therapy. The low-activity group experienced the longest duration of therapy interruption dur-
ing the first year (low-activity group 169 days vs. intermediate-activity group 30 days vs. nor-
mal-activity group 16 days, p < 0.01). They also showed the lowest blood cell counts and
had a longer duration of leukopenia (low-activity group 131 days vs. intermediate-activity
group 92 days vs. normal-activity group 59 days, p < 0.01). 6-TGN level and its ratio to 
6-MP dose were lowest in the low-activity group. 

Conclusion
NUDT15 variants cause hematopoietic toxicity with low 6-TGN levels. NUDT15 genotyping
should be conducted before administering thiopurine, and dose adjustments require caution
regardless of 6-TGN levels.
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NUDT15, Leukemia, 6-Thioguanylic acid, Thiopurine, 
6-Mercaptopurine
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Introduction

Thiopurines, such as 6-mercaptopurine (6-MP) are widely
used for the treatment of childhood acute lymphoblastic
leukemia (ALL). The optimized use of 6-MP has shown a 
remarkable improvement in survival [1,2]. As per treatment
protocols, children with ALL are exposed to thiopurines on
a daily basis for up to two or three years during maintenance
therapy [3,4].

Hematopoietic toxicity is one of the most important dose-
limiting adverse effects of thiopurines [5,6]. East Asians are
the ethnic group most affected by thiopurines [7,8]. Patients
often experience serious bone marrow suppression, infec-
tious complications, and interruptions in therapy. Low sys-
temic exposure to thiopurines affects prognosis [9,10]. Lower
6-MP dose intensity is primarily due to a missed period of
therapy, not reductions in the daily dose [10]. In a Children’s
Oncology Group (COG) study, 6-MP non-adherence and
high intra-individual variability in thiopurine metabolites
were associated with relapse risk [11]. Thiopurine S-methyl-
transferase (TPMT) variants are well-established genetic 
determinants for cytotoxicity of thiopurines [12,13]. Dose 
adjustment guidelines based on 6-thioguanine nucleotide 
(6-TGN) levels have enabled patients with TPMT variants to
minimize hematopoietic toxicity while maintaining its ther-
apeutic effect [14,15]. 

Nucleoside diphosphate–linked moiety X-type motif 15
(NUDT15) has recently been discovered to be associated with
hematopoietic toxicity, initially in patients with inflamma-
tory bowel disease [16]. A negative effect of NUDT15 vari-
ants was also revealed in children with ALL by previous
reports that mainly focused on the less tolerated doses of 
6-MP in patients with NUDT15 variants [17-19]. The hypoth-
esis about the mechanism of NUDT15 variants suggested
that the NUDT15 protein encoded by NUDT15 might pre-
vent 6-TGN, the active metabolite of thiopurine, from being
incorporated into the DNA [20]. This hypothesis has been
supported by Moriyama et al. [18], who recently reported a
high thioguanosine triphosphate (TGTP)/monophosphate
thioguanosine nucleotide (TGMP) ratio in a NUDT15 knock-
down cell line, and high DNA-incorporated thioguanine
(DNA-TG) levels in children with ALL with NUDT15 vari-
ants. Contrary to TPMT variants, there is poor information
about thiopurine dose alteration for patients with NUDT15
variants. Considering the proposed hypothesis about the
NUDT15 protein, NUDT15 variants are assumed to cause 
cytotoxicity independent of the 6-TGN levels; therefore, the
same guidelines that apply to TPMT variants would not be
applicable to patients with NUDT15 variants. This study
aimed to analyze the levels of 6-TGN, which is widely used
in clinics, according to NUDT15 variants.

In addition, this study intended to analyze hematopoietic
toxicity based on NUDT15 diplotypes in Korean children
with ALL more comprehensively. All six discovered haplo-
types were screened. We collected clinical and laboratory 
information of patients during their first year of maintenance
therapy because previous reports seemed to use limited 
indices for measuring hematopoietic toxicity or thiopurine
intolerance [17,18].

Materials and Methods

1. Study patients and NUDT15 genotyping

NUDT15 genotyping was retrospectively conducted in 258
children with ALL who underwent TPMT genotyping at
Samsung Medical Center in Korea for research purposes
from 2004 to 2015 (IRB file No. SMC 2012-04-106-014). 
Genomic DNA was extracted from whole blood using Wiz-
ard genomic DNA purification kit according to the manufac-
turer’s instructions (Promega, Madison, WI) [21]. Exons 1
and 3, and their intron-exon boundaries of NUDT15 were
amplified by polymerase chain reaction (PCR) using primers
designed by our institute. For exon 3, PCR was performed
using a GeneAmp PCR system 9700 thermal cycler (Biome-
tra, Applied Biosystems Life Technologies, Foster City, CA)
with 35 cycles at 94°C for 20 seconds, 60°C for 30 seconds,
and 72°C for 40 seconds. An Eppendorf pro S (Eppendorf)
was used for exon 1 with 50 cycles at 95°C for 20 seconds,
62°C for 30 seconds, and 72°C for 40 seconds. Five microliters
of the amplicon for both exons was treated with 10 U exonu-
clease I (USB Corp., Cleveland, OH) at 37°C for 15 minutes,
and then incubated at 80°C for 15 minutes to inactivate the
enzyme. Cycle sequencing was performed using Big Dye
Terminator Cycle Sequencing Ready Reaction kits (Applied
Biosystems) in an ABI 3130xl Genetic Analyzer (Applied
Biosystems). Direct sequencing of exons 1 and 3 of NUDT15
(NCBI reference sequence NM_018283.3) was performed.

Based on previous reports that demonstrated a decreased
NUDT15 activity and an increased risk of hematopoietic tox-
icity with a number of variant alleles [18], study patients
were classified into three groups according to their NUDT15
diplotype: normal-activity group (wild-type), intermediate-
activity group (heterozygous variant), or low-activity group
(homozygous or compound heterozygous variant). Patient
demographics at diagnosis and clinical features and labora-
tory results during the first year of maintenance therapy
were obtained from patients who had received maintenance
therapy, including 6-MP at Samsung Medical Center via ret-
rospective chart review. Patents with TPMT variants were
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excluded from the analysis. 

2. 6-TGN assays

Since May 2009, thiopurine metabolites assay has been
studied using whole blood from patients initially at 14th day
after beginning maintenance therapy and at 14th day after
dose alteration, until the white blood cell (WBC) count and
6-TGN levels were within the target range. It was performed
only when patients had taken the same dose of 6-MP for at
least 14 days. Red blood cell (RBC) levels of 6-TGN were
measured using a liquid chromatography–tandem mass
spectrometry method [22]. Metabolite levels were normal-
ized to an RBC count of 8108. The limit of quantification was
0.1 µmol/L for 6-TGN, corresponding to quantification limits
of approximately 10 pmol per 8108 RBC for 6-TGN [23]. 

3. ALL risk stratification and treatment schedule

Patients  10 years or < 12 months of age, or who had an
initial WBC count  50109/L were considered as high-risk
patients at initial diagnosis. All others were considered as
standard-risk patients. Patients with any high-risk character-
istics received more intensified chemotherapy during induc-
tion and consolidation therapy compared to standard-risk
patients. Patients with at least one of the characteristics, 
including an initial WBC count of  200109/L, positive
bcr/abl rearrangement, hypodiploidy under 45 chromo-
somes by cytogenetics, t(4;11), or remission failure received
allogeneic stem cell transplantation when a suitable donor
was available.

Maintenance therapy consisted of daily oral 6-MP (50
mg/m2), weekly oral methotrexate (15 mg/m2), oral pred-

nisolone (40 mg/m2) for 5 days, intravenous vincristine (1.5
mg/m2) every 4 weeks, and intrathecal triple therapy
(methotrexate, cytarabine, and hydrocortisone) every 12
weeks. 6-MP and methotrexate doses were altered at the dis-
cretion of pediatric oncologists based on the complete blood
count (CBC) and 6-TGN levels. When the WBC count was
consecutively out of target range (1.5-3.0109/L), the 6-MP
dose was adjusted if 6-TGN levels were out of therapeutic
range (235-450 pmol/8108 RBC), or the methotrexate dose
was altered if 6-TGN levels were within the therapeutic
range. Treatment was interrupted if patients developed sig-
nificant hematopoietic toxicity (absolute neutrophil count 
< 0.5109/L or platelet count < 50109/L) or a serious infec-
tious event.

4. Statistical analysis

Clinical features and laboratory results at initial diagnosis
and during the first year of maintenance therapy were com-
pared across groups using chi-square and Fisher exact tests
for categorical variables, and one way analysis of variance
(ANOVA) or Kruskal-Wallis test along with Tukey test using
ranks for continuous variables. Because 6-MP doses were fre-
quently altered during the initial period of maintenance ther-
apy, 6-MP doses during the initial 3 months were excluded
from analysis for comparing the administered 6-MP doses
between the groups. Consequently, 6-MP doses from 3 months
to a year after maintenance therapy were compared. Corre-
lation between the 6-TGN level and 6-MP dose was analyzed
by Pearson’s correlation analysis. Subsequently, the ratio of
6-TGN level to 6-MP dose was compared among the groups.
All statistical analyses were performed using SPSS ver. 22.0
(IBM Corp., Armonk, NY).

Fig. 1. Study population. Patients were classified into normal-, intermediate-, low-activity groups according to the number
of variant alleles. 6-MP, 6-mercaptopurine; HCT, hematopoietic stem cell transplantation; TPMT, thiopurine S-methyltrans-
ferase.
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5. Ethical statement

The study was approved by the Institutional Review Board
of Samsung Medical center (IRB No. SMC 2017-01-015-001)
and performed in accordance with the principles of the Dec-
laration of Helsinki. The informed consent was waived. 

Results

1. Characteristics of study patients

NUDT15 genotyping was conducted for a total of 258 
patients (Fig. 1). According to their NUDT15 diplotype, 190
patients were wild-type (73.6%), 61 patients had a single vari-
ant allele (23.6%), and seven patients had variants on both
alleles (2.7%). Allele frequency and composition of NUDT15
diplotypes in the study population are described in Tables 1
and 2, respectively. Regarding allele frequency, NUDT15*1
(wild-type) was the most common (85.5%), followed by *3
(7.9%) and *2 (5.2%). Regarding diplotype frequency,
NUDT15*1/*3 (12.8%) was the most common variant, fol-
lowed by NUDT15*1/*2 (8.5%). All six previously known
haplotypes were observed in this study.

Of the total study population, 76 patients were excluded
from the analysis. Forty-three patients stopped maintenance
therapy for hematopoietic stem cell transplantation (n=37)
or due to death during induction or consolidation therapy
(n=6). Sixteen patients received maintenance therapy at other
hospitals. Ten patients received maintenance therapy with-
out daily 6-MP, according to adult ALL treatment protocols
(n=5) or other protocols (n=5). Seven patients were TPMT
heterozygous. A total of 182 patients were included in the
final analysis. To analyze hematopoietic toxicity based on
NUDT15 diplotypes, patients were classified into three
groups: normal-activity (n=131), intermediate-activity (n=46),
and low-activity (n=5) groups. Characteristics of the study
patients are summarized in Table 3. The three groups were

similar with respect to demographic characteristics, includ-
ing sex, age, ALL risk group, initial WBC counts, cytogenetic
results, immunophenotype, and rapid early response, except
central nervous system disease at diagnosis. 

2. Hematopoietic toxicity according to NUDT15 diplotypes

Fig. 2 shows the daily 6-MP doses administered to patients,
duration of therapy interruption, and proportion of patients
who experienced febrile neutropenia. Daily 6-MP dose was
defined as the average daily dose of 6-MP administered from
three months to a year after maintenance therapy. The 6-MP
dose during therapy interruption was considered to be zero.
With accretion of risk by NUDT15 diplotype, the daily 6-MP
doses were decreased and therapy interruption days were
increased. Mean daily 6-MP doses (±standard deviation [SD])
were 31.1±8.7 mg/m2 in the normal-activity group, 24.4±7.7
mg/m2 in the intermediate-activity group, and 7.5±3.0 mg/m2

in the low-activity group (p < 0.01). The mean number of 
interrupted days in the first year of maintenance therapy
(±SD) were 15.5±17.8, 30.3±29.4, and 168.8±50.1 days in the
normal-, intermediate-, and low-activity groups, respectively
(p < 0.01). Febrile neutropenia was most frequent in the low-
activity group during the first year of maintenance therapy
(normal-activity group 14.6% vs. intermediate-activity group
15.2% vs. low-activity group 80%, p < 0.01). 

Table 1. Allele frequency in the study population
NUDT15 allele Genetic variant Protein variant Proportion (%)
*1 Wild-type Wild-type 85.5
*2 c.[36_37insGGAGTC; c.415C>T] p.Val18_Val19insGlyVal/p.Arg139Cys 5.2
*3 c.415C>T p.Arg139Cys 7.9
*4 c.416G>A p.Arg139His 0.2
*5 c.52G>A p.Val18Ile 0.8
*6 c.36_37insGGAGTC p.Val18_Val19insGlyVal 0.4

Table 2. Composition of NUDT15 diplotypes in the study
population 

Diplotype No. of patients (n=258) Proportion (%)  
*1/*1 190 73.6
*1/*2 22 8.5
*1/*3 33 12.8
*1/*5 4 1.6
*1/*6 2 0.8
*2/*3 4 1.6
*2/*4 1 0.4
*3/*3 2 0.8
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The lowest values of CBC, including WBC, neutrophil,
platelet, and hemoglobin are shown in Fig. 3. The low-activ-
ity group had the lowest levels of all the blood cell lineages.
The means of the lowest WBC counts (±SD) were (1.358±
0.575)109/L in the normal-activity group, (1.114±0.295)109/L
in the intermediate-activity group, and (0.620±0.254)109/L
in the low-activity group (p < 0.01). The mean of the lowest
absolute neutrophil count (±SD) was lowest in the low-activ-
ity group ([0.040±0.037]109/L) compared to that in the nor-
mal-activity group ([0.434±0.405]109/L) or the intermediate-

activity group ([0.293±0.196]109/L). The means of the low-
est hemoglobin levels (±SD) were 10.1±1.1 g/dL in the nor-
mal-activity group, 9.8±1.1 g/dL in the intermediate-activity
group, and 7.4±1.0 g/dL in the low-activity group (p < 0.01).
The means of the lowest platelet counts in the low-activity
group (±SD) were extremely low ([9±5]109/L) compared to
those in the normal-activity group ([137±53]109/L) or the 
intermediate-activity group ([115±43]109/L). The duration
of leukopenia, defined as WBC < 2109/L, increased with 
increasing risk of NUDT15 diplotype (Fig. 4). The low-activ-

Table 3. Characteristics of the study patients and composition of diplotypes

All patients Normal- Intermediate- Low-

(n=182) activity group activity group activity group p-value
(n=131) (n=46) (n=5)

Age (yr)
At diagnosis 5.2 (1.1-21.3) 5.2 (1.1-21.3) 4.8 (1.1-16.0) 6.1 (3.5-13.5) 0.53
At maintenance 6.0 (1.9-22.0) 6.0 (1.9-22.0) 5.7 (2.0-17.2) 7.1 (4.6-14.8) 0.52

Sex
Female 86 (47.3) 61 (46.6) 21 (45.7) 4 (80.0) 0.33
Male 96 (52.7) 70 (53.4) 25 (54.3) 1 (20.0)

ALL risk group
Standard 117 (64.3) 85 (64.9) 30 (65.2) 2 (40.0) 0.52
High 65 (35.7) 46 (35.1) 16 (34.8) 3 (60.0)

WBC counts at diagnosis (109/L)
< 50 171 (94.0) 125 (95.4) 41 (89.1) 5 (100) 0.604
50-100 9 (4.9) 5 (3.8) 4 (8.7) -
> 100 2 (1.1) 1 (0.8) 1 (2.2) -

Favorable cytogeneticsa)

No 75 (41.4) 51 (39.2) 23 (50.0) 1 (20.0) 0.273
Yes 106 (58.6) 79 (60.8) 23 (50.0) 4 (80.0)

Unfavorable cytogeneticsb)

No 167 (92.3) 121 (93.1) 41 (89.1) 5 (100) 0.556
Yes 14 (7.7) 9 (6.9) 5 (10.9) -

CNS disease at diagnosis
No 166 (92.2) 120 (93.0) 43 (93.5) 3 (60.0) 0.28
Yes 4 (2.2) 3 (2.3) - 1 (20.0)
Traumatic tap 10 (5.6) 6 (4.7) 3 (6.5) 1 (20.0)

Immunophenotype
B 173 (95.1) 125 (95.4) 43 (93.5) 5 (100) 0.969
T 6 (3.3) 4 (3.1) 2 (4.3) -
Others 3 (1.6) 2 (1.5) 1 (2.2) -

RER
No 66 (36.9) 44 (34.1) 20 (44.4) 2 (40.0) 0.460
Yes 113 (63.1) 85 (65.9) 25 (55.6) 3 (60.0)

Values are presented as median (range) or number of patients (%). Missing data for the following: favorable cytogenetics
(n=1), unfavorable cytogenetics (n=1), CNS disease at diagnosis (n=2), and RER (n=3). ALL, acute lymphoblastic leukemia;
WBC, white blood cell; CNS, central nervous system; RER, rapid early response. a)Favorable cytogenetics included  1 of the
following: t(12;21), hyperdiploidy, trisomy 4 and 10, or trisomy 4, 10, and 17, b)Unfavorable cytogenetics included  1 of the
following: t(9;22), t(4;11), iAMP21, or hypodiploidy.
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ity group experienced the most number of days of leukope-
nia (mean±SD, 131±68 days), followed by those in the inter-
mediate-activity group (92±46 days) and the normal-activity
group (59±45 days). 

3. 6-TGN level and its ratio to 6-MP dose according to
NUDT15 diplotype

A total of 671 results of 6-TGN levels were obtained from
117 of the 182 patients (26 results from 5 patients in the low-

activity group, 173 from 24 patients in the intermediate-
activity group, and 472 from 88 patients in the normal-activ-
ity group). Fig. 5 shows the 6-TGN levels of patients whose
6-MP dose was stable for at least 14 days. The median 6-TGN
levels (range) were 383 (135-1,461) pmol/8108 RBC in the
normal-activity group, 286 (94-1,145) pmol/8108 RBC in the
intermediate-activity group, and 78 (5-171) pmol/8108 RBC
in the low-activity group (p < 0.01). A positive correlation
was seen for 6-TGN levels in the whole study population 
(coefficient of correlation, 0.30; p < 0.01). To assess the 6-TGN

Fig. 2.  Daily 6-mercaptopurine (6-MP) dose and clinical features of the groups. (A) Daily 6-MP dose. (B) Therapy interruption
days. (C) Incidence of febrile neutropenia.
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levels with equal doses of 6-MP, the ratio of 6-TGN level to
6-MP dose was compared across groups (Fig. 6). Patients in
the low-activity group had the lowest ratio (mean±SD,
4.4±2.7) as compared to those in the intermediate-activity
group (13.3±7.5) and the normal-activity group (14.7±9.1).

The 6-TGN levels in the low-activity group were below the
alleged level associated with a higher risk of leukopenia (450
pmol/8108 RBC) [22]. In 26 results from the low-activity
group, 10 (38.5%) were performed while the patient had grade
 3 leukopenia or thrombocytopenia (platelets < 50109/L).

Discussion

More than a quarter of the Korean children in this study
had NUDT15 variants. A lower dose of 6-MP was adminis-
tered to them. They experienced therapy interruption and
febrile neutropenia more frequently. They also experienced
more severe cytopenia in all types of peripheral blood cells
and the duration of leukopenia was longer. A lower 6-TGN
level and a lower 6-TGN/6-MP ratio were also observed.

Fig. 3.  Lowest level of complete blood cell counts in the groups. (A) Lowest white blood cell (WBC) counts. (B) Lowest absolute
neutrophil counts (ANCs). (C) Lowest hemoglobin (Hb) levels. (D) Lowest platelet (Plt) counts.
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The lower ratio of 6-TGN level to 6-MP dose in patients
with NUDT15 variants is opposite to that in patients with
TPMT variants [24]. The mechanism of cytotoxicity in TPMT
variants is known to be related to increased 6-TGN levels 
because TPMT encoded by TPMT controls the anabolic trans-
formation of thiopurine metabolites to active metabolites and
regulates the cytotoxic effect of thiopurines in children with

ALL [25]. By phosphorylation, thiopurines are converted to
TGMP, TGDP, and TGTP, and then further reduced to
TdGMP, TdGDP, and TdGTP. TdGTP is directly incorpo-
rated into DNA and eventually triggers apoptosis [5]. It has
been suggested that NUDT15 may prevent incorporation of
6-TGN into DNA via dephosphorylation of 6-TGN metabo-
lites in the thiopurine metabolism pathway [18,20,26]. There-
fore, loss-of-function NUDT15 variants confer susceptibility
to thiopurine-induced cytotoxicity [16]. With the high DNA-
TG level in patients with NUDT15 variants shown by
Moriyama et al. [18], a low ratio of 6-TGN level to 6-MP dose
in the low-activity group in our study seemed to be concor-
dant with the existing hypothesis because active thiopurine
metabolites could be incorporated into DNA by a defective
protective mechanism resulting from loss-of-function
NUDT15 variants.

Erythrocyte 6-TGN concentrations < 235 pmol/8108 RBC
are considered to be associated with a greater likelihood of
treatment failure, whereas 6-TGN concentrations > 450 pmol
/8108 RBC are associated with a higher risk of leukopenia
[22]. Interestingly, 6-TGN levels were far below 450 pmol/
8108 in all patients in the low-activity group, the maximum
6-TGN level being 171 pmol/8108 RBC. At the same time,
the low-activity group showed highest hematopoietic toxic-
ity. Ten of 26 6-TGN results in the low-activity group were
performed while patients had grade 3/4 leukopenia or
thrombocytopenia. These findings in the low-activity group
imply the possibility that bone marrow suppression can 
result even from low levels of 6-TGN in patients with
NUDT15 variants. Hematopoietic toxicity could not be antic-
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ipated by 6-TGN level alone in patients with NUDT15 vari-
ants, and therefore, existing 6-MP dose guidelines for TPMT
variants are not applicable to this population. Although
DNA-TG may seem more appropriate because it is the final
metabolite of 6-MP therapy and has been recently reported
to be correlated with TGN, 6-TGN levels have been more 
extensively studied and widely used in the clinical setting to
monitor dose escalation or de-escalation in patients receiving
6-MP therapy [27]. Additionally, DNA-TG still requires
prospective validation [28]. The development of clinically
available monitoring methods is required for patients with
NUDT15 variants. The effort to improve clinical validation
of DNA-TG could be useful.

Few studies have analyzed 6-TGN levels using whole
blood from patients with ALL according to their NUDT15
diplotypes. A Japanese group briefly reported that TGN lev-
els were lower in patients with NUDT15 variants [29]. How-
ever, our study was performed on a much larger scale. A
total of 182 children were included in our study, compared
to 55 children reported in their study. In addition, while they
analyzed two TGN results from a patient with high-risk, 26
results from five patients in the low-activity group were 
analyzed in this study.

In our study, patients with NUDT15 variants frequently
experienced more serious bone marrow suppression and
febrile neutropenia after administration of 6-MP, and
showed serious 6-MP intolerance. The adverse effects and 
6-MP intolerance got more severe as the number of variant
alleles increased. Several previous reports have demon-
strated thiopurine intolerance in patients with ALL with
NUDT15 variants. Patients with NUDT15 variants in both 
alleles have been reported to use an extremely low dose of
6-MP, consistent with our results [17,18]. Clinical and labo-
ratory information in this study were comprehensively col-
lected during a year of maintenance therapy, which is a
relatively longer study duration compared to other reports.
Moriyama et al. [18] used the tolerated MP dose to compare
thiopurine intolerance between groups according to
NUDT15 diplotype. Tolerated MP dose was defined as the
average of at least 14 daily doses after at least nine weeks of
maintenance therapy. Another study defined MP dose inten-
sity as the ratio between clinically prescribed MP dose and
protocol dose, and it was monitored on a monthly basis for
the entire six-month duration of the study [17]. Since previ-
ous studies did not provide complete information on thiop-
urine intolerance, the daily dose of 6-MP administered
during a period of 1 year was investigated in this study. All
six alleged haplotypes from four coding variants were
screened, which is distinct from many previous reports that
investigated a single mutation of rs116855232, since other
variants beyond rs116855232 have only been recently discov-
ered [18].

There were some differences in clinical and laboratory 
results between the intermediate-activity and normal-activity
groups. While the intermediate-activity group was adminis-
tered a significantly lower daily 6-MP dose and experienced
therapy interruption and leukopenia more frequently than
the normal-activity group, the incidence of febrile neutrope-
nia was not significantly different between these groups.
Moreover, while the lowest WBC and platelet counts were
significantly different between these two groups, the 
absolute neutrophil counts and hemoglobin levels were not
significantly different between the two groups. Thus, it could
be interpreted that patients with a wild-type NUDT15 allele
could maintain a somewhat protective effect but they were
not capable of preventing thiopurine toxicity with doses over
a certain range. Compared to WBC counts or hemoglobin
levels, platelet counts were most significantly different 
between groups, which indicated that megakaryopoiesis is
the more sensitive to thiopurine in patients with NUDT15
variants.

Unlike TPMT variants, which are rare in Asian population,
studies have shown that NUDT15 variants were mostly dis-
covered in this population, particularly in East Asians 
[16-18,21,30]. In this study, 26.4% of the patients had variant
alleles. Additionally, the composition of diplotypes in this
study was similar to that in 1000 Genomes Project and a 
recent Korean study [21]. rs116855232, which was the first
reported NUDT15 variant, was verified to be the most com-
mon variant. Patients with wild-type NUDT15 were admin-
istered a mean daily 6-MP dose of 31.1 mg/m2/day, which
was a substantially lower dose than the planned dose in the
majority of ALL treatment protocols. A similar observation
was made in other studies [31]. A previous study reported
that East Asian genetic ancestry remained associated with 
6-MP dose intensity after adjusting for rs116855232 [17], sug-
gesting that there may be other undiscovered genetic or 
environmental factors affecting Asians. Kim et al. [32], 
recently reported that APEX1 rs2307486 variants conferred
an increased risk of mercaptopurine-related early onset neu-
tropenia in Korean pediatric ALL patients.

Even though this was a retrospective analysis, this study
aimed to exclude possible compounding factors. Patients
with TPMT variants were excluded from this study before
analysis. 6-MP doses during the initial 3 months were 
excluded when comparing the 6-MP doses between the
groups because 6-MP doses were frequently altered during
the initial period. Demographic characteristics were not dif-
ferent between the groups. A limitation of this study was that
it did not evaluate other anti-neoplastic agents used during
maintenance therapy, such as methotrexate or vincristine.

It remains unclear whether NUDT15 genotype affects sur-
vival in children with ALL. Even though this study did not
analyze relapse or survival, irrelevance between them was
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suggested because survival rates were not significantly dif-
ferent according to NUDT15 genotype in previous reports
[11]. However, most of the earlier reports evaluated only a
few patients with NUDT15 variants [31]. A previous COG
study about thiopurines and risk of relapse in children with
ALL demonstrated that 6-MP non-adherence and high intra-
individual variability in TGN levels contributes to increased
relapse risk [11]. Since patients with NUDT15 variants are
exposed to frequent therapy interruptions, which can cause
variability in TGN levels, NUDT15 genotype should be
screened before 6-MP administration. 6-MP dose should be
carefully administered and altered in high-risk populations.
Further extensive studies on the impact of NUDT15 variants
on treatment outcomes are required.

In conclusion, 6-TGN levels were substantially low in 
patients with NUDT15 variants who showed highest
hematopoietic toxicity. The low ratio of 6-TGN level to 6-MP
dose in patients with NUDT15 variants seems to be caused

by enhanced incorporation of active thiopurine metabolites
into DNA. With a known high incidence of NUDT15 variants
in East Asia, NUDT15 genotype should be identified before
thiopurine is administered. Thiopurine dose adjustment 
demands great caution in patients with NUDT15 variants 
regardless of their 6-TGN levels. Further studies are required
for validating thiopurine dose guidelines in this population.
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Profiling of Serum Metabolites Using MALDI-TOF and Triple-TOF Mass
Spectrometry to Develop a Screen for Ovarian Cancer
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Purpose
We sought to develop a matrix assisted laser desorption ionization-time of flight (MALDI-
TOF)-based, ovarian cancer (OVC), low-mass-ion discriminant equation (LOME) and to eval-
uate a possible supportive role for triple-TOF mass analysis in identifying metabolic
biomarkers.

Materials and Methods
A total of 114 serum samples from patients with OVC and benign ovarian tumors were sub-
jected to MALDI-TOF analysis and a total of 137 serum samples from healthy female individ-
uals and patients with OVC, colorectal cancer, hepatobiliary cancer, and pancreatic cancer
were subjected to triple-TOF analysis. An OVC LOME was constructed by reference to the
peak intensity ratios of discriminatory low-mass ion (LMI) pairs. Triple-TOF analysis was used
to select and identify metabolic biomarkers for OVC screening.   

Results
Three OVC LOMEs were finally constructed using discriminatory LMI pairs (137.1690 and
84.4119 m/z; 496.5022 and 709.7642 m/z; and 524.5614 and 709.7642 m/z); all 
afforded accuracies of > 90%. The LMIs at 496.5022 m/z and 524.5614 m/z were those
of lysophosphatidylcholine (LPC) 16:0 and LPC 18:0. Triple-TOF analysis selected seven dis-
criminative LMIs; each LMI had a specificity > 90%. Of the seven LMIs, four with a 137.0455
m/z ion at retention times of 2.04-3.14 minutes were upregulated in sera from OVC patients;
the ion was identified as that derived from hypoxanthine.

Conclusion
MALDI-TOF–based OVC LOMEs combined with triple-TOF–based OVC metabolic biomarkers
allow reliable OVC screening; the techniques are mutually complementary both quantita-
tively and qualitatively.     

Key words
Ovarian neoplasms, Low-mass ions, Serum metabolite, 
Hypoxanthine, Mass spectrometry 
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Introduction

Epithelial ovarian cancer (OVC) is the fourth most com-
mon cause of death from cancer in Western women. Over
70% of patients are diagnosed at advanced stages; the 5-year
survival rate is < 30%. As epithelial OVC has few specific
symptoms, the challenge is to detect OVC early to improve
clinical outcomes [1]. 

Various screening methods including measurements of
serum tumor and proteomic markers, and ultrasonography,
have been developed and intensively investigated. A strat-
egy combining serum tumor marker levels with ultrasonog-
raphy has shown most promise; large-scale randomized
clinical trials have been conducted. The UK Collaborative
Trial of Ovarian Cancer Screening (UKCTOCS) featuring 
annual carbohydrate antigen 125 (CA-125) measurement and
second-line transvaginal ultrasound scanning afforded sen-
sitivity of 89.5% and specificity of 99.8% among post-
menopausal women, but primary analysis indicated that any
reduction in mortality was not statistically significant [2,3].
Similar trials have been performed in the United States. For
example, the Prostate, Lung, Colorectal, and Ovarian (PLCO)
Cancer Screening study found that simultaneous screening
of the CA-125 level and transvaginal ultrasonography (com-
pared with the usual care) did not reduce OVC mortality in
post-menopausal women, and false-positive data were asso-
ciated with various complications [3]. A recent 15-year fol-
low-up PLCO report showed that mortality was not reduced
by CA-125/ultrasonographic screening [4].

Thus, no reliable screening method exists and a noninva-
sive method is urgently required. Recently, we reported that
a low-mass ion discriminant equation (LOME) might allow
early detection of OVC [4]. In our previous study, we per-
formed matrix assisted laser desorption ionization-time of
flight (MALDI-TOF) mass analysis on metabolic low-mass
ions (LMIs) using 1,184 serum samples from healthy individ-
uals and patients with OVC or other types of cancer [4]. An
OVC LOME derived using 13 discriminatory LMIs yielded
excellent results. Among 13 LMIs exhibiting differential mass
intensities in OVC patients, three (LPC 16:0, D,L-glutamine,
and the fibrinogen alpha-chain fragment) were identified
and semi-quantitated [4]. 

In the present study, we focused on modification and val-
idation of the MALDI-TOFbased OVC LOME, and we also
compared MALDI-TOF and triple-TOF analyses discriminat-
ing OVC.

Materials and Methods

1. Study population 

A total of 114 serum samples from women with OVC and
benign ovarian tumors (BOTs) were subjected to MALDI-
TOF analysis (Table 1, S1-S3 Tables). A total of 137 serum
samples from healthy women (controls) and those with
OVC, colorectal cancer (CRC), hepatobiliary cancer (HBC),
and pancreatic cancer (PC) were subjected to triple-TOF
analysis (Table 2, S4-S9 Tables). The OVC groups differed 
between the two analyses. HBC and PC included high risk
groups. Samples were collected before surgery or chemother-
apy to prevent any effects of anesthetics or anticancer agents
on the LMIs of sera. Some resources were provided by the
Korean Gynecological Cancer Bank through the Bio & Med-
ical Technology Development Program of the Ministry of Sci-
ence, ICT and Future Planning, South Korea.

2. Separation of the OVC from the BOT group using
MALDI-TOF data

The manner in which we formulated a LOME separating
the OVC and BOT groups differed significantly from that of
our previous study [5], although the basic ideas and many
procedures were similar. The modified methods were 
described in the following parts 4 and 5. 

3. MALDI-TOF and triple-TOF analyses

MALDI-TOF (Autoflex Speed, Bruker Daltonik GmbH,
Bremen, Germany) and triple TOF 5600+ system (AB SCIEX,
Framingham, MA) analyses were performed as described
previously [5,6] (see more details in Supplementary Meth-
ods). 

4. Preliminary LMI candidates

Principal component analysis–based discriminant analysis
(PCA-DA) was performed to discriminate the OVC from the
BOT group. The groups were not divided into training and
validation sets, as the sample numbers were rather small. Six
repetitive sets of measurement data were respectively ana-
lyzed. When performing PCA-DA, it is necessary to import
mass spectra into MarkerView software (AB SCIEX, Foster
City, CA). During this process, we chose the following set-
tings: mass tolerance, 300 ppm; minimum required response,
10.0; and maximum number of peaks, 10,000. Data in the 
resulting peak table were converted into common logarithms
and Pareto-scaled. A zero mass intensity was set to unity 
because Log10(0) is undefined and Log10(1) is zero. The Mark-
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erview software accepts only natural logarithms; the refer-
ence manual deals with PCA-DA and Pareto scaling. 

The PCA-DA discriminant score (DS) was the weighted
sum of the Pareto-scaled intensities of all LMIs ( 10,000).
Usually, a few percent of the LMIs play a crucial role in cal-
culation of the DS. Search algorithm I selected preliminary
LMI candidates using two criteria: (1) weighted intensities 
> 0.018 for each sample and (2) LMIs common to > 50% of
the entire sample. The 0.018 threshold was empirically 
determined in an iterative manner; we explored how various
thresholds changed the numbers of candidate LMIs and their
performance in terms of classification. Search algorithm 
I was individually applied to the six PCA-DA results and the
resulting LMIs were assembled into a preliminary candidate
set of P LMIs by replacing multiple LMIs with similar mass
values by an averaged mass value.

5. Discriminative LMIs derived using MALDI-TOF data

A peak table was prepared for each sample by sequentially
importing the six repetitions. Each peak table was normal-
ized using the “total area sums” method described in the ref-
erence manual. The six mass intensities of all preliminary
LMI candidates were extracted and processed as follows: (1)

the ranges of mass values ±0.5 m/z were determined; (2) the
maximum normalized intensity was determined for every
repetition in the interval; (3) the mean of the six maximum
intensities was calculated (the averaged intensity); and (4)
the common logarithm of the averaged intensity was calcu-
lated. Throughout this process, a column of the logarithmic
intensities of P LMI candidates was built for each sample and
then merged into a single peak table for the entire sample.

Several LOMEs derived using the ratio of two discriminant
LMIs were constructed with the aid of the logarithmic peak
table. Search algorithm II identified the two LMIs as follows:
(1) The PC2 combinations were listed and every pair of LMIs
was evaluated twice. One of the two LMIs was initially arbi-
trarily chosen as the numerator in the first round and the 
denominator in the second. (2) Every pair in the list was 
investigated sequentially. The ratios of the common loga-
rithms of all paired LMIs were calculated to yield DSs. (3)
We identified a threshold with a resolution of 0.01 that max-
imized the sum of the sensitivity and specificity. If more than
one threshold afforded the same performance, the thresholds
were averaged. (4) The two ordered pairs, the thresholds,
and their sensitivity and specificity sums were tabulated for
later comparison. (5) A few discriminative pairs were iden-
tified by comparing the discriminatory performances of all

Jun Hwa Lee, Profiling of Serum to Screen for Ovarian Cancer

Total
Stage Age (yr)

I II III IV Mean±SD Range
OVC 57 11 2 37 7 54.7±10.1 27-76
BOT 57 - - - - 41.7±14.2 20-83

Table 1. Demographic data on study participants evaluated via MALDI-TOF analysis

Supplementary information on individual participants is given in S1 and S2 Tables. S3 Table lists the sample collection sites.
MALDI-TOF, matrix assisted laser desorption ionization-time of flight; SD, standard deviation; OVC, ovarian cancer; BOT,
benign ovarian tumor.

Total HRG
Stage Age (yr)

0 I II III IV Mean±SD Range
OVCa) 30 - - 11 2 12 4 53.7±10.6 37-78
Control 30 - - - - - - 55.7±8.3 37-70
CRC 42 - 1 10 7 21 3 60.3±12.4 33-82
HBC 14 9 - - 1 1 3 63.6±14.8 45-84
PC 21 4 - - 4 2 11 65.0±9.6 48-82

Table 2. Demographic information on patients evaluated via triple-TOF analysis

Supplementary information on individual participants is given in S4-S8 Tables. S9 Table lists the sample collection sites.
TOF, time of flight; HRG, high risk group; SD, standard deviation; OVC, ovarian cancer; CRC, colorectal cancer; HBC, 
hepatobiliary cancer; PC, pancreatic cancer. a)Using 29 samples with available data.
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ordered pairs.

6. Distinguishing OVC from non-OVC patients using
triple-TOF data

Triple-TOF measurements were performed only once on
each sample, unlike the procedure described above during
MALDI-TOF evaluation. We did not select preliminary LMI
candidates; our focus was on defining a single LMI, the pat-
tern of which differed between the OVC and non-OVC (con-
trol/CRC/HBC/PC) groups.

7. Discriminative LMIs identified using the triple-TOF
data

Liquid chromatography/mass spectrometry (LC/MS)
peak lists (.peaks files) were first created for all samples (.wiff
files) using MarkerView software running under the follow-
ing constraints: minimum retention time, 0.00 minute; sub-
traction offset, 10 scans; subtraction mult. factor, 1.3; noise
threshold, 10; minimum spectral peak width, 10 ppm; and
minimum retention time peak width, 5 scans. Next, a peak
table was created by simultaneously importing the LC/MS
peak lists for all samples. The parameters for the second
process were as follows: retention time tolerance, 0.01 minute;
mass tolerance, 10.0 ppm; intensity threshold, 10; and maxi-
mum number of peaks, 20,000. Areas were derived using raw
data, not the original peak findings, as suggested by the ref-
erence manual. The resulting peak table was normalized
using the “total area sums” method and the data converted
to common logarithms. As for MALDI-TOF, a zero peak area

was set to unity. 
Several LMIs exhibiting individually acceptable discrimi-

natory abilities were searched using the logarithmic peak
table (consisting of 7,018 LMIs). Search algorithm III was
straightforward. (1) For each LMI, a threshold with a resolu-
tion of 0.01 was chosen at which the sum of the sensitivity
and specificity was maximized. If more than one threshold
exhibited the same discriminatory performance, the thresh-
olds were averaged. (2) A few discriminatory LMIs were
identified by comparing the performances of all LMIs. As an
initial check, their locations on the volcano plot and/or their
Fisher’s discriminant ratios (FDRs) were evaluated.

8. Identification of metabolite ions

The mass spectrometry (MS) and tandem mass spectrom-
etry (MS/MS) spectra were explored using Formula Finder
computational tools (AB SCIEX) that identify probable ele-
mental compositions within specified mass tolerances of a
given mass-to-charge ratio using PeakView software. The
Human Metabolome Database (HMDB) identified com-
pounds associated with given m/z ratios, and listed them in
rank order based on the MS and MS/MS data.

9. Statistics 

A volcano plot was created and the associated t-test per-
formed using data from the normalized peak table (not the
logarithmic table), employing MarkerView software (AB
SCIEX).

Cancer Res Treat. 2018;50(3):883-893

Fig. 1.  Separation results obtained during one of the six repeats of matrix assisted laser desorption ionization-time of flight
analysis. (A) Principal component analysis-based discriminant analysis (PCA-DA). (B) Preliminary low-mass-ion candidates.
DS, discriminant score; OVC, ovarian cancer; BOT, benign ovarian tumor.
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Fig. 2.  Discriminatory results afforded by the ratios of low-mass ion pairs on matrix assisted laser desorption ionization-time
of flight analysis. (A) Log10(137.1690 m/z)/Log10(84.4119 m/z). (B) Log10(496.5022 m/z)/Log10(709.7642 m/z). (C) Log10

(524.5614 m/z)/Log10(709.7642 m/z). OVC, ovarian cancer; BOT, benign ovarian tumor.
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Sensitivity (%) 87.72 92.98 94.74
Specificity (%) 92.98 94.74 92.98
PPV (%) 92.59 94.64 93.10
NPV (%) 88.33 93.10 94.64
Accuracy (%) 90.35 93.86 93.86

Table 3. The discriminatory capacity ratios of certain LMI pairs upon MALDI-TOF analysis

LMI, low-mass-ion; MALDI-TOF, matrix assisted laser desorption ionization-time of flight; PPV, positive predictive value;
NPV, negative predictive value.
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10. Ethical statement

Informed consent was obtained from all participants, and
the institutional review board of each participating institu-
tion approved the research protocol.

Results

1. Preliminary LMI candidates

The discriminations afforded by PCA-DA (sensitivity,
96.49%; specificity, 91.23%) and Search algorithm I (sensitiv-
ity, 91.23%; specificity, 94.74%) are shown in Fig. 1 for one of
the representative six repeat measurements. All LMIs in the
peak table were included in the PCA-DA DSs. Unlike when
the mass intensity per se was used [5,6], the DS range fell 
noticeably when Search algorithm I rather than the PCA-DA
was employed (logarithmic intensities were analyzed). How-
ever, the marked decrease in the number of LMIs did not
greatly reduce the discriminatory capacity. Individual appli-
cations of Search algorithm I to the six repetitions, followed
by assembly of the resulting LMIs, yielded 374 preliminary
candidates.

2. Ratios of the discriminatory LMI pairs yielded by the
MALDI-TOF data

Search algorithm II identified several pairs of discrimina-
tory LMIs (Fig. 2) between the OVC and BOT groups. The
separation performances of three such pairs are summarized
in Table 3. In all cases, the accuracies were > 90%. Overall,
the logarithmic intensities of the numerator LMIs were
higher in the OVC than in the BOT group and the reverse
was true for the denominator LMIs. The numerator LMIs of
496.5022 m/z and 524.5614 m/z were earlier identified as
lysophosphatidylcholine (LPC) 16:0 and LPC 18:0 [5,6]. Dif-
ferent tumor stage did not lead to significant change in
screening sensitivity and specificity (Fig. 2). 
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Fig. 3.  (Continued from the previous page) (B) A volcano plot
of low-mass ions detected on triple-TOF analysis.
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138.0497 m/z
159.0270 m/z
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Mass ion, Total Specificity Volcano parameter Fisher
mass value (m/z)/ Sensitivity (%)/ Control (%)/ CRC (%)/ p-value Log10 discriminant
retention time (min) Specificity (%) HBC (%) PC (%) (fold-change) ratio

137.0455/2.04 96.67/90.65 96.67/85.71 92.86/80.95 < 0.001 0.8476 1.439
138.0497/2.46 93.33/91.59 96.67/85.71 95.24/80.95 0.7730 0.8539
159.0270/2.46 93.33/91.59 100.0/85.71 97.62/71.43 0.6813 0.8990
137.0461/2.07 86.67/91.59 96.67/85.71 90.48/90.48 0.8013 1.530
137.0454/3.14 86.67/90.65 100.0/71.43 95.24/80.95 0.8039 1.341
359.1413/15.27 100.0/99.07 96.67/100.0 100.0/100.0 –1.257 1.704
381.1314/15.30 100.0/99.07 96.67/100.0 100.0/100.0 –1.846 1.443

Table 4. The discriminatory capacities of OVC-related metabolites identified on triple-TOF analysis

OVC, ovarian cancer; TOF, time of flight; HBC, hepatobiliary cancer; CRC, colorectal cancer; PC, pancreatic cancer.
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3. Individual discriminative LMIs derived using triple-
TOF data

Search algorithm III identified seven LMIs (Fig. 3A) differ-
entiating between the OVC and control/CRC/HBC/PC
groups; the overall specificity was > 90%. There was no sig-
nificant change in screening sensitivity and specificity 
according to tumor stage (Fig. 3A). LMI with 381.1314 m/z
only showed a pattern of decrease in late stage, i.e., stage I
vs. III (p=0.006), stage I vs. IV (p=0.045) and stage II vs. III
(p=0.01) (Fig. 3A). Table 4 shows the discriminatory perform-
ances. Overall, the logarithmic peak areas of the first five
LMIs were higher in OVC than in non-OVC patients and the
reverse was true for the other two LMIs. In particular, the
latter two LMIs exhibited excellent separation capabilities.
Accordingly, when these LMIs were used as denominators
(as in MALDI-TOF evaluation), their performances were out-
standing. For all 10 (52) cases, the accuracies were > 98%
(thus, no more than two false-positives/100 patients), as 
expected. The associated volcano plot (Fig. 3B) and the high
FDR (Table 4) confirmed these findings. The fourth and fifth
LMIs are not highlighted on the volcano plot (unlike the
other five) because the Log10(-fold change) of the first LMI
was very close to those of LMIs 2 and 3; they could not be 
individually visualized.

4. Metabolites discriminating OVC from BOT

Triple-TOF analysis revealed that seven single LMIs 
potentially discriminated OVC from BOT (Table 4). A search
of the HMDB using the exact LMI masses revealed several
candidate metabolites (Table 5). Of these, four with a
137.0455 m/z ratio at retention times of 2.04-3.14 minutes
were upregulated in serum from OVC patients (Fig. 3). The
HMDB identified hypoxanthine as the metabolite correspon-
ding to these LMIs (Table 5). We used MS/MS to confirm
this finding; the MS/MS pattern of the LMIs at 137.0455 m/z
was identical to that of hypoxanthine (Fig. 4).

Discussion

We selected preliminary LMI candidates by aligning the
mass peaks of all samples with each mass value. We did not
simultaneously import all six repeats when creating a peak
table using MarkerView software. PCA-DA and Search 
algorithm I were employed to this end (Fig. 1). However, this
did not necessarily identify a monoisotopic peak on the main
lobe. In fact, the three numerator LMIs were present as
monoisotopic peaks on the side lobe of second- highest 
intensity, thus at 138.1754 m/z, 497.5082 m/z, and 525.5643
m/z. This was also the case in our previous studies [5,6], but
there is no reason to insist that only these LMIs should be

Cancer Res Treat. 2018;50(3):883-893

Table 5. Seven candidate metabolites discriminating OVC
Mass iona), Possible H+ adduct, Delta mass value (m/z)/ compound Metabolite MW (Da) (ppm)b)
retention time (min)
137.0455/2.04 HMDB00157 Hypoxanthine 137.0458 2
138.0497/2.46 LMI isotopic pattern at 137.0455 m/z
159.0270/2.46 HMDB37759 2-Methylene-4-oxopentanedioic acid 159.0288 11

HMDB60348 2-Maleylacetate 159.0288 11
HMDB31210 Zymonic acid 159.0288 11

137.0461/2.07 HMDB00157 Hypoxanthine 137.0458 2
137.0454/3.14 HMDB00157 Hypoxanthine 137.0458 2
359.1413/15.27 HMDB01069 2-Phenylaminoadenosine 359.1462 14
381.1314/15.30 HMDB33883 3-O-Methylglycyrol 381.1333 5

HMDB41236 2-(4-Hydroxyphenyl)-3,6-dimethoxy-8,8-dimethyl-4H, 381.1333 5
8H-benzo[1,2-b:3,4-b']dipyran-4-one 

HMDB14414 Chlorotrianisene 381.1252 16

OVC, ovarian cancer; MW, molecular weight. a)The mass-to-charge ratio (m/z) information used to search for candidate
metabolites in the Human Metabolome Database (HMDB, http://www.hmdb.ca), b)Search condition: mass tolerance less than
20 ppm.
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used; completely new approaches are possible. 
MALDI-TOF did not yield any unique LMI affording 

acceptable performance. We limited the number of LMIs
used to create a LOME to two, formulated as a ratio (Fig. 2).
The method can be easily extended to the creation of new
LOMEs including more than two LMIs; however, the ratio
approach would not then be appropriate. For example, the
ratio can be replaced by an algebraic sum of the signed log-
arithmic intensities. In addition, the number of PCI combina-
tions will increase sharply with increasing I, where I is the

number of LMIs used to compose a LOME. Accordingly, it
is important to reduce candidate LMIs using methods such
as PCA-DA and Search algorithm I.

It is not possible to compare the MALDI-TOF and triple-
TOF data directly; the OVC countergroups differed. In triple-
TOF analysis, the ratio scheme was implemented without
selection of candidate LMIs (thus, the intermediate step was
omitted) after identification of individual discriminatory
LMIs. However, the reduction step may be useful when the
goal is to apply a ratio or other multi-LMI scheme directly.

Jun Hwa Lee, Profiling of Serum to Screen for Ovarian Cancer

Fig. 4.  Identification of hypoxanthine upregulated in sera of ovarian cancer (OVC) patients. A low-mass ion of 137.0455 m/z
(left panel, B) exhibited a retention time (RT) that differed slightly from that of hypoxanthine (left panel, A), but the tandem
mass spectrometry (MS/MS) pattern (right panel, B) was exactly that of hypoxanthine (right panel, A).
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In addition, it is much more time-consuming to create a peak
table for triple-TOF than for MALDI-TOF data. Therefore,
any peak table should be used for various purposes, such as
multi-cancer screening on single samples; in males, analysis
of serum samples will also be required. MALDI-TOF con-
sumes less analytical time than triple-TOF and more samples
can be analyzed on a single MALDI target plate. However,
we recently found that reproducibility is affected by MS
hardware such as the laser source and laser power unit.
Thus, we sought to apply LOME to triple-TOF analysis to 
enhance analytical repeatability and to identify candidate
metabolites for inclusion in LOMEs. The analytical tools are
mutually complementary.

A screening test for OVC must be highly specific and
highly sensitive, to avoid needless surgery. As the incidence
of epithelial OVC is low, the positive predictive value of mul-
timodal screening was only 35.1%, but the sensitivity and
specificity were as high as 89.5% and 99.8%, respectively, in
the UKCTOCS trial [2]. In the present study, we show that
LOME may overcome the shortcomings of other noninvasive
screening tests, without any need for imaging. The sensitivity
and specificity may reach 98% if the optimal discriminatory
equation is selected. Furthermore, the hypoxanthine LMI dis-
criminated OVC from non-OVC patients (Figs. 3 and 4). 
Hypoxanthine is a natural purine derivative, and an inter-
mediate in adenosine metabolism and nucleic acid synthesis
via the salvage pathway (http://www.hmdb.ca/). We pre-
viously identified hypoxanthine as a useful serum biomarker
of the chemoresponsiveness of locally advanced rectal cancer
[7], and as a valuable urine biomarker when screening for
non-Hodgkin lymphoma [8]. The urinary hypoxanthine level
may be a marker of gastrointestinal tumors [9,10]. Recent
metabolic profiles of ovarian cyst fluid samples from benign,
borderline, and malignant ovarian tumors showed that 
hypoxanthine was present only in a sub-cohort of malignant

tumors [11]. Our findings support the suggestion that high
serum hypoxanthine levels may be indicative of OVC 
(Figs. 3 and 4). Furthermore, a higher hypoxanthine concen-
tration correlated with a good chemoresponse in patients
with locally advanced rectal cancer [7]. In OVC patients, 
hypoxanthine completely reversed the cytotoxicity induced
by methotrexate and methotrexate plus dipyridamole [12].
Unfortunately, the sample size of the present OVC group
was too small to allow us to explore links between the 
hypoxanthine level and clinicopathological factors including
chemoresponse and stage. However, we expect that several
candidate markers identified and to be identified may have
a potential for screening OVC in early stage. For example,
Metabolite with 381.1314 m/z showed a pattern of decrease
in late stage (Fig. 3A). Therefore, future work on this issue is
thus needed.

In conclusion, a MALDI-based LOME exhibited good 
potential as a noninvasive screening test for OVC, and triple-
TOF-based metabolite analysis successfully identified OVC
biomarkers.
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Participation of CCL1 in Snail-Positive Fibroblasts in Colorectal Cancer
Contribute to 5-Fluorouracil/Paclitaxel Chemoresistance 
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Purpose
Cancer-associated fibroblasts (CAFs) activated by cancer cells has a central role in devel-
opment and malignant biological behavior in colorectal cancer (CRC). Adult fibroblasts do
not express Snail, but Snail-positive fibroblasts are discovered in the stroma of malignant
CRC and reported to be the key role to chemoresistance. However, the reciprocal effect of
CAFs expressed Snail to chemoresistance on CRC cells and the underlying molecular mech-
anisms are not fully characterized. 

Materials and Methods
Snail-overexpressed 3T3 stable cell lines were generated by lipidosome and CT26 mixed
with 3T3-Snail subcutaneous transplanted CRC models were established by subcutaneous
injection. Cell Counting Kit-8, flow cytometry and western blotting assays were performed,
and immunohistochemistry staining was studied. The cytokines participated in chemoresis-
tance was validated with reverse transcriptase-polymerase chain reaction and heatmap.

Results
Snail-expression fibroblasts are discovered in human and mouse spontaneous CRCs. Over-
expression of Snail induces 3T3 fibroblasts transdifferentiation to CAFs. CT26 co-cultured
with 3T3-Snail resisted the impairment from 5-fluorouracil and paclitaxel in vitro. The sub-
cutaneous transplanted tumor models included 3T3-Snail cells develop without restrictions
even after treating with 5-fluorouracil or paclitaxel. Moreover, these chemoresistant
processes may be mediated by CCL1 secreted by Snail-expression fibroblasts via transform-
ing growth factor /nuclear factor-B signaling pathways. 

Conclusion
Taken together, Snail-expressing 3T3 fibroblasts display CAFs properties that support 5-flu-
orouracil and paclitaxel chemoresistance in CRC via participation of CCL1 and suggest that
inhibition of the Snail-expression fibroblasts in tumor may be a useful strategy to limit
chemoresistance. 

Key words
Colorectal neoplasms, Cancer-associated fibroblasts, Snail, 
Multidrug resistance, CCL1
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Introduction

Colorectal cancer (CRC) is the third most common cancer
and the second leading causal factor of cancer-related deaths
worldwide [1]. Systemic chemotherapy, based on 5-fluo-
rouracil, is the first-line therapy for patients with unre-
sectable CRCs. However, the entire treatment effects on quite
a lot of CRC patients are very limited, mainly due to drug 
resistance [2]. Since the cancer microenvironment is critical
to the biological behavior of the tumor, elucidating the role
of cancer-associated fibroblasts (CAFs), which is the most
abundant cell-type in the matrix [3], is likely to associate with
the chemoresistance in tumors. However, the chemoresis-
tance function of fibroblasts in CRC is still unclear. A better
understanding of the fibroblasts involved in chemoresistance
on CRC should assist with the development of more efficient
therapeutic methods.

Fibroblasts are usually in the quiescent state and become
activated in the wound healing response [4]. In the activation
process, fibroblasts differentiate into more active connective
tissue cells called myofibroblasts, which produce more col-
lagen than their precursors [5]. Myofibroblasts, induced by
transforming growth factor  (TGF-)mediated signalling,
express -smooth muscle actin (-SMA) stress fibers [6].
Therefore, -SMA is the special marker of CAFs. CAFs are a
major component of stroma in cancer, which have cemented
themselves as key components of cancer progression [7]. A
relentless clinical challenge for cancer therapy is the devel-
opment of resistance and CAFs have emerged as key players
in promoting cancer cell evasion of anticancer therapies. 

Chemokine C-C motif ligand-1 (CCL1), interacting exclu-
sively with the chemokine (C-C motif) receptor 8 (CCR8), is
an inflammatory mediator [8]. Studies showed that CCL1 
induced tumor cells metastasis into lymph nodes [9]. In 
addition, CCL1 exerts anti-apoptotic and proliferative activ-
ity in cancer cells which were treated with chemotherapy
drugs [10]. Thence, like numerous other chemokines, CCL1
goes far beyond the effects of inflammation.

Snail, belonging to the zinc finger transcription repressor
superfamily, is described as a TGF- target and the key reg-
ulator of epithelial-mesenchymal transition (EMT) [11].
There is acknowledged that adult fibroblasts do not express
Snail, but Snail-positive fibroblasts were discovered in acti-
vated mesenchymal cells and in the stroma of malignant
CRC [12]. Moreover, Snail was recently implicated in the reg-
ulation of both immunosuppression and immune tolerance
[13]. As a consequence, these findings suggest the potential
role of Snail in regulating cancer-related fibroblasts. How-
ever, the phenomenon of scattered Snail-expressing fibrob-
lasts imposing chemoresistance on cancer cells is poorly
defined, and no links between Snail activity and the genera-

tion of chemoresistance have been proposed. Here, by using
Snail-related stable 3T3 cell lines together with CT26 murine
CRC cell lines, we demonstrated that Snail-expressing fibrob-
lasts are the critical factors in the chemoresistance on CRC. 

Materials and Methods

1. Establishment of mice primary colorectal tumor model
and cell culture

The primary CRC models used were based on the previ-
ously described [14]. 

Mouse colon cancer cells (CT26) and mouse fibroblast cells
(NIH3T3) were purchased from the Type Culture Collection
of the Chinese Academy of Sciences (Shanghai, China). Cells
were cultivated in Dulbecco’s modified Eagle’s medium
(DMEM) medium and supplemented with 10% fetal bovine
serum (FBS), 100 µg/mL streptomycin and 100 U/mL peni-
cillin in a moistened atmosphere at 37°C where was enriched
with 5% CO2.

2. Generation of 3T3-pldSnail cells

The murine Snail expression vector was constructed for
generation of Snail overexpression cell line. Briefly, the
murine Snail gene was cloned into pL-tdTomato-Neo, a 2A
peptide-linked vector which was received by Dr. Changmin
Chen from Harvard Medical School, to generate the red
fluorescent protein plasmid pL-tdTomato-mSnail. Snail and
resistance genes were two 2A peptide genes linked together
in a row [15]. 3T3 cells were seeded onto a 6-well plate (1.5105

cells/well) before transfection, allowing the confluency to
grow to 80%-90%. Liposomemediated transfection was used
to introduce the pL-tdTomato-mSnail plasmid into 3T3. The
expression of the red fluorescence protein was used to mon-
itor the transfection effciency. G418 (800 µg/mL) was applied
to selecting the transfected 3T3 cells for 10-14 days. Picked
out and sowed into 96-well plate, the survived cells were cul-
tured for cell clones formation and further expansion. After
expanded, the monoclonal cell populations were named 3T3-
Snail, respectively.

The mock cells transfected with pL-tdTomatoNon was
named as 3T3-mock. The morphous and the fluorescence 
intensity of the stable cells were observed through the 
inverted fluorescence microscope. 
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3. Histological study

The CRC tissue from patient is from the First Affiliated
Hospital of Clinical Medicine of Guangdong Pharmaceutical
University in Huizhou. In brief, the colorectal tissues sections
were harvested and fixed in 10% formalin for 2 days. The
fixed tissues were sliced into 4 µm after being embedded into
paraffin. Firstly, the slices were deparaffinized and hydrated.
Highpressure antigen retrieval was performed in citric acid
buffer (pH 6.0). Endogenous peroxidase was blocked using
3% hydrogen peroxide for 20 minutes. And then, the slices
were incubated with normal goat serum to block non-specific
staining. Rabbit anti-Snail (1:200, ab53519, Abcam, Cam-
bridge, MA), rabbit anti-SMA (1:200, BS8796, Bioworld
Technology, St. Louis Park, MN) and rabbit anti-cleaved cas-
pase-3 (1:200, ab13847, Abcam) were used to incubate with
the sections overnight at 4°C. After washing by PBST, the
sections were hatched with horseradish peroxidase (HRP)
anti-rabbit secondary antibody. After staining with diami-
nobenzidine kit, the sections were counterstained with hema-
toxylin. Negative control was subjected to perform simul-
taneously, and phosphate buffered saline (PBS) was replaced
of the primary antibody. Finally, the stained slices were 
observed under the microscopy.

4. Co-culture

CT26 cells were plated in a 6-well plate and 3T3-Snail cells
were on 6-well Millicell Hanging Cell Culture Insert (Milli-
cell, Sigma, St. Louis, MO) with 0.8-µm pore size. Cells were
co-cultured for 1 day whereas cells on the impermeable sup-
port were treated with 5-fluorouracil/paclitaxel or dimethyl
sulfoxide for 2 days before quantification of CT26 live cells. 

5. Conditioned medium preparation

Fibroblasts were cultivated in DMEM containing with 10%
FBS for 24 hours. The conditioned medium (CM) was col-
lected and the cellular debris were removed by filtration with
a 0.22-µm filter (Merck Millipore, Bedford, MA). The CM can
be kept in 4°C within 48 hours.

6. Cell death analysis

Cell death of CT26 with fibroblasts CM or non-fibroblasts
CM was evaluated by the Cell Counting Kit-8 (CCK-8; 
Dojindo, Kumamoto, Japan). In short, cells in complete
medium were seeded into 96-well plates with 5,000 cells per
well. After 12 hours, the cells were cultured with 30% or 60%
fibroblasts CM with 5-fluorouracil or paclitaxel treatment.
And 48 hours later, 10 µL CCK-8 solution was added into
each well and the plates were incubated at 37°C for 3 hours.

The cell viability was measured at 450 nm by scanning with
microplate reader.

7. Flow cytometric analyses

Cleaved caspase-3 (ab13847, Abcam) and goat anti-rabbit
IgGfluorescein isothiocyanate (FITC) (ab6717, Abcam) were
used to detect apoptosis rate. CT26 mixed with 3T3-mock/
3T3-Snail was collected in eppendorf and incubated with
anti-cleaved caspase-3 in room temperature for half an hour.
After washing by PBS, anti-rabbit-FITC was used to combine
with cleaved caspase-3. Then the expression of cleaved cas-
pase-3 in CT26 was measured by flow cytometric analysis 
according to the procedure. The apoptotic rate was shown as
histogram. 

8. Establishment of subcutaneous transplanted colorectal
tumor model

The 4-5-week-old female BALB/c mice were purchased
from the Animal Experimental Center of Sun Yat-sen Uni-
versity (Guangzhou, China). The procedures for the experi-
mental handling and care for the mice were approved by the
Animal Experimentation Ethics Committee of Sun Yat-sen
University (Guangzhou). CT26 and fibroblasts were mixed
at a ratio of 1:2. Until the tumor volumes grew to approxi-
mately 100 mm3, treatment with 5-fluorouracil or paclitaxel
was began. The first day of the treatment was designated as
day 1. The dose of 5-fluorouracil was 30 mg/kg, tail vein 
injection every 3 days. Paclitaxel was injected 10 mg/kg into
the veins of the tail. The 5-fluorouracil/paclitaxel dose used
in mice was based on the conversion formula of the drug
concentration between human and animals. Subcutaneous
tumor volumes were measured daily by a caliper. The tumor
volumes calculation formula: tumor volume=0.5 length
widthwidth.

9. Western blotting

The total protein fractions in the cells were lysed by RIPA
buffer (Beyotime Institute of Biotechnology, Jiangsu, China)
with phenylmethylsulfonyl fluoride (0.1 mM) and cen-
trifuged at 12,000 rpm/min for 20 minutes. The supernatants
were collected and quantified by BCA Protein Assay Kit 
(Beyotime Biotechnology). The proteins were separated elec-
trophoretically by sodium dodecyl sulphate polyacrylamide
gel electrophoresis and transferred onto polyvinylidene 
difluoride (Millipore, Billerica, MA). And then the 5% non-
fat dried milk was used to block the non-specific binding for
120 minutes at room temperature. Subsequently the mem-
branes were incubation with primary antibodies (final dilu-
tion, 1:1,000, rabbit polyclonal, all provided from Cell Signa-
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ling Technology, Beverly, MA) in primary antibody diluent
overnight at 4°C. After washing, the membranes were incu-
bated with HRP-conjugated anti-rabbit (final dilution,
1:5,000, Bioworld Technology) secondary antibodies in 5%
non-fat dried milk at room temperature for 120 min. Washed
by PBST three times for 30 minutes, the immunoreactivity
and signals of the membranes were monitored by Chemilu-
minescence Reagent (Life Science, Inc., Boston, MA) in Tanon
5200 Multi instrument (Shanghai, China).

10. Gene expression heatmap

The total RNA was extracted by Trizol (Invitrogen, Carls-
bad, CA), quantitative real-time polymerase chain reaction
was performed by Prime Script TM RT reagent Kit (R036A,
Takara, Tokyo, Japan) and SYBR Premix Ex Taq  (R820A,
Takara). The program was running for 2 minutes at 95°C, fol-
lowing by 40 cycles of 5 seconds at 95°C and 30 seconds at
58°C, 5 seconds at 95°C and 5 seconds at 65-95°C (in 0.5°C
increase). The general principles of primers were designed
in the GeneBank database and the sequences were as follows:
CCL1 (gene ID: NC_000077.6) forward primer, 5-GGCT-
GAACAAAGGTAGAGAAAGC-3; CCL1 reverse primer,
5-TGGAGGACTGAGGGAAACTG-3; TNF (gene ID: NC_
000083.6) forward primer, 5-CACCACCATCAAGGACT-
CAA-3; TNF reverse primer, 5-GAGACAGAGGCAAC-
CTGACC-3; myc (gene ID: NC_000081.6) forward primer,
5-CTGTGGAGAAGAGGCAAACC-3; myc reverse primer,
5-TTGTGCTGGTGAGTGGAGAC-3; CCL11 (gene ID: NC_
000077.6) forward primer, 5-GAGAGCCTACAGAGCCC-
AGA-3; CCL11 reverse primer, 5-ACCGTGAGCAGCAGG-
AATAG-3; CCL21 (gene ID: NC_000009.12) forward primer,
5-CCAACTCACAGGCAAAGAGG-3; CCL21 reverse pri-
mer, 5-GCCAGGTAAGAAAGGGATGG-3; CXCL1 (gene
ID: NC_000071.6) forward primer, 5-ACCCAAACCGAAG-
TCATAGC-3; CXCL1 reverse primer, 5-ACAGGTGCCA-
TCAGAGCAGT-3; IL17a (gene ID: NC_000067.6) forward
primer, 5-TCTCTATGGTCAGCGTTCCA-3; IL17a reverse
primer, 5-AGGTGGTTTAGGAGGGCAAG-3; matrix met-
alloproteinase (MMP) 9 (gene ID: NC_000068.7) forward
primer, 5-TCACTTTCCCTTCACCTTCG -3; MMP9 reverse
primer, 5-TGCCGTCCTTATCGTAGTCA-3; MMP23 (gene
ID: NC_000070.6) forward primer, 5-GGGACCACTTCAA-
CCTCACA-3; MMP23 reverse primer, 5-GGAAACAT-
CACTCCACATTCG-3; glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) (gene ID: NC_000072.6) forward pri-
mer, 5-GAGTCAACGGATTTGGTCGT-3; GAPDH reverse
primer, 5-GACAAGCTTCCCGTTCTCAG-3. The threshold
cycle (Ct) values of cytokines, chemokines, interleukins and
MMPs in each sample were normalized by the values of
GAPDH. The relative fold changes in mRNA expression
level were calculated with the comparative threshold cycle

(Ct) method. The fold-change differences were constructed
in a heatmap with sample clustering using OmicShare Plat-
form.

11. Statistical analysis

Five biological replicates were used in mouse studies and
all other studies utilized three biological replicates. All data
were expressed as mean±SD. In short, the unpaired two-
tailed Student’s t test or two-way ANOVA test was analyzed
by IBM SPSS Statistics ver. 20 (IBM Corp., Armonk, NY) to
compare differences between different treatment groups. A
p-value < 0.05 was considered as statistically significant.

12. Ethical statement

The animal procedures were consistent with the guidelines
of Sun Yat-sen University Institutional Animal Care and Use
Committee.

The patient donated the colorectal tumor tissue and signed
the informed consent which outlined the application and
purpose of the research. The proposal was approved by the
Ethical Committee of School of Pharmaceutical Sciences, Sun
Yat-set University under the Chinese Ethical Regulations.

Results

1. Snail expresses in the CAFs of human CRC tissues and
Kunming mice’s spontaneous CRCs

-SMA is a common myofibroblast marker and can be
used to appraisal CAFs. The identification of the fibroblasts
is verified as previously described using Masson staining
(Wanleibio, Shenyang, China) (Fig. 1A and D) and -SMA
(1:200, Bioworld) (Fig. 1B and E). To investigate the Snail 
expression in CAFs, the antibody to Snail was used to 
immunohistochemical staining (Fig. 1C and F). Statistical
analysis showed that in addition to cancer cells, Snail also 
express in CAFs both in the human CRC tissue (Fig. 1A-C)
and Kunming mice CRC tissue (Fig. 1D-F). The results indi-
cated that CAFs-rich Snail had something to do with the 
development and progression of CRC in all probability.  

2. Fibroblasts, overexpressed Snail, display CAFs proper-
ties whose conditioned media increases proliferation of
CRC cells

To testify the function of Snail-expressing CAFs on CRC
cells, the stable Snail overexpression 3T3 fibroblast (3T3-
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Snail) was generated by pL-tdTomato-mSnail plasmid 
(S1 Fig.). Using these reporters, we found that -SMA was 
expressed at higher levels in 3T3-Snail stable cell line com-
pared to the stable blank control cell line 3T3-mock (Fig. 2A).
Given the CAFs properties of 3T3-Snail, we undertook to 
analyze their function during CRC cells development in vitro.
Results showed that the CM without FBS of 3T3-Snail cell
line can increase proliferation or mutually assure the survival
of CT26 (Fig. 2B), indicating that Snail expression in fibrob-
lasts was contributed to the most fundamental activity of
cancer cells. Furthermore, if Snail-expression fibroblasts
could still contribute to the survival of CT26 under the treat-
ment of chemotherapeutics, we would say that Snail-expres-
sion fibroblasts induced chemoresistance in CT26.   

3. Snail-expressing fibroblasts induce 5-fluorouracil/pacli-
taxel resistance in CRC cells in vitro

To extend the chemoresistance role of 3T3-Snail in vitro, we
used 30% or 60% ratio CM of 3T3-Snail to co-culture with
CT26. The relative sensitivity to 5-fluorouracil, dividing can-
cer cells to cell death via thymineless death [16], and pacli-
taxel, one of several cytoskeletal drug that target tubulin [17],
in CT26 were assessed by CCK-8 Kit (Dojindo). Notably, we

noted that the IC50 to 5-fluorouracil and paclitaxel of CT26
co-cultured with 3T3-Snail CM went upper compared with
the control ones (Fig. 3A). Caspase-3, a central role in the 
execution-phase of cell apoptosis, and poly(ADP-ribose)
polymerase (PARP), the cleavage target protein of caspase,
are responsible for chromatin condensation and DNA frag-
mentation, as known as typical role in apoptosis [18]. After
treating with 5-fluorouracil or paclitaxel, the expressions of
cleaved caspase-3 and cleaved PARP in CT26 were increas-
ing. In contrast, no significant expressions of cleaved cas-
pase-3 and cleaved PARP were observed for CT26, co-cul-
tured with 3T3-Snail indirectly (Fig. 3B). The increased 
expression of caspase-3 and PARP might partly result from
the stimulation of the apoptotic cells which may act in a com-
pensatory fashion to combat the 5-fluorouracil or paclitaxel
increasing demand for cells; but the mechanism remained to
be further studied. Furthermore, directly co-culturing CT26
cells with 3T3-Snail cell lines, we separated CT26 from 3T3-
Snail and analyzed the expression of cleaved caspase-3 in
CT26 by using flow cytometric method (S2 Fig.). Similarly,
the results testified that Snail-expression 3T3 fibroblasts 
induced 5-fluorouracil/paclitaxel resistance in CT26 in vitro
(Fig. 4).    

Fig. 1. Expression of Snail in cancer associated fibroblasts of human colorectal cancer tissues and Kunming (KM) mice’s
spontaneous colorectal cancers. (A, D) Masson staining of paraffin-embedded colorectal cancer tissue sections (40) and the
figure in the top right corner was enlarged (400). (B, E) Activated fibroblast marker -smooth muscle actin expression in
paraffin-embedded colorectal cancer tissue sections was detected by immunohistochemistry. (C, F) Immunohistochemistry
was used to detect the Snail expression. The paraffin-embedded colorectal cancer tissue sections of panels A, B and C were
from human and panels D, E and F were KM mice’s spontaneous colorectal cancers tissue sections. Besides tumor cells, can-
cer-associated fibroblasts expressed Snail. 
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Fig. 2. Fibroblasts, overexpressed Snail, display cancer associated fibroblasts (CAFs) properties whose conditioned media
ensures survival of colorectal cancer cells. (A) Snail and -smooth muscle actin (-SMA) expressions in 3T3-mock and 3T3-
Snail stable cell lines grown on a coverslip were detected by immunohistochemistry (IHC) (400; inset 1,000). Masson stain-
ing of 3T3-mock and 3T3-Snail were also applied. 3T3-Snail stable cell lines expressed -SMA, present characteristics of
CAFs. (B) CT26 cells were grown in 3T3-mockconditioned media or 3T3-Snailconditioned media without fetal bovine
serum for 8 days and total cells were counted daily by Cell Counting Kit 8. The conditioned media of 3T3-Snail guaranteed
the survival of CT26 (*p < 0.05). 
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Fig. 3.  Snail-overexpressed fibroblasts-conditioned media (CM) induce 5-fluorouracil (5-FU)/paclitaxel (PTX) resistance in
colorectal cancer cells in vitro. (A) Murine colorectal cancer CT26 cells were treated with the indicated dose of 5-FU/PTX
alone or co-cultured with 30%/60% 3T3-mock/3T3-Snail-conditioned media for 48 hours, and the cell viability was examined
by Cell Counting Kit 8 assay. The IC50 values of 5-FU/PTX for CT26 were determined (*p < 0.05). (B) The levels of the
poly(ADP-ribose) polymerase (PARP), cleaved PARP, caspase-3, and cleaved caspase-3 proteins from CT26 alone or co-cul-
tured with 3T3-mock/3T3-Snail CM were analyzed by Western blotting. 3T3-Snail CM contained something induced 
5-FU/PTX resistance in CT26. 
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Fig. 4. Snail-overexpressed fibroblasts directly induce 5-fluorouracil (5-FU)/paclitaxel (PTX) resistance in colorectal cancer
cells in vitro. CT26 were pre-cultured with 3T3-mock or 3T3-Snail by 1:2 ratios for 24 hours and further treated with 5-FU
(0.8 µM)/PTX (0.2 µM) for an additional 48 hours. (A) Cells were collected and incubated with cleaved caspase-3–FITC, the
percentage of cleaved caspase-3–FITC in CT26 cells was detected using flow cytometry. (B) Q3/(Q3+Q4) panel: quantifica-
tions of caspase-3 at CT26 in a representative mammary gland (*p < 0.05). 3T3-Snail decreased CT26 cells apoptosis from 
5-FU/PTX. 
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4. Snail-overexpressed fibroblasts induce 5-fluorouracil/
paclitaxel resistance in the subcutaneous transplanted in
BALB/c mice

To analyze whether 3T3-Snail induces chemoresistance 
behavior in an identical manner in vivo, we mixed the Snail
up-regulation of 3T3 fibroblasts and CT26 cells at a ratio of
2:1 to establish the subcutaneous transplanted carcinoma.
When tumor developed to approximately 100 mm3, the mice
were treated with 5-fluorouracil or paclitaxel every 3 days
and collected the tumor tissues after 15 days (Fig. 5A). Tumor
dimensions were daily recorded and tumor growth curves
were plotted. The results shown that 5-fluorouracil or pacli-
taxel resulted in decreased tumor growth of the CT26 groups

and CT26 mixed with 3T3-mock groups (Fig. 5B and C). Nev-
ertheless, the growth of the subcutaneous transplanted con-
structed by 3T3-Snail and CT26 was unrestricted, regardless
of treating with 5-fluorouracil or paclitaxel (Fig. 5D). Masson
dying and immunohistochemistry were used to assess the
quantity of CAFs in tumor tissues; representative micro-
graphs are presented in Fig. 6A. Overt -SMA staining was
observed in the tumor tissue of 3T3-Snail groups and there
was tiny minority in the other two groups (Fig. 6A). Further-
more, analyzing the expression of cleaved caspase-3 in the
tumor tissues, it showed the striking different expression of
cleaved caspase-3 (Fig. 6B). Notably, although treating with
5-fluorouracil or paclitaxel, the expression of cleaved cas-
pase-3 in 3T3-Snail and CT26 mixing tumor tissues was

Fig. 5.  Snail-overexpressed fibroblasts induce 5-fluorouracil (5-FU)/paclitaxel (PTX) resistance in the subcutaneous trans-
planted in BABL/c mice. (A) Treatment protocol of scheduling administration of 5-FU (30 mg/kg)/PTX (15 mg/kg) in tumor-
bearing mice by tail vein injection. (B, C) Tumor growth curves showed that tumors grew much slower in groups of tumor
CT26 cells alone and CT26 cells mixed with 3T3-mock treated with 5-FU or PTX than the groups without treatment (n=5, 
*p < 0.05). (D) Meanwhile, tumor grew without any restriction in the groups of 3T3-Snail mixed with CT26 tumor cells. 
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Fig. 6. Cleaved caspase-3 expression in the tumor tissue sections of subcutaneous transplanted in BALB/c mice. (A) Repre-
sentative images of Masson-stained and -smooth muscle actin (-SMA)stained in paraffin sections of CT26 tumor tissue
were shown. The tumor of CT26 mixed with 3T3-Snail expressed much more -SMA than other groups. (B) Representative
images of cleaved caspase-3 staining in paraffin sections of CT26 tumor tissue were shown. The expression of cleaved cas-
pase-3 showed much less in the group of CT26 mixed with 3T3-Snail after treatment with 5-fluorouracil (5-FU)/paclitaxel
(PTX) than other groups. IHC, immunohistochemistry.
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lower than others. These findings also revealed that Snail-
expression fibroblasts contribute to 5-fluorouracil and pacli-
taxel resistance. 

5. Role of CCL1 in Snail-expressed 3T3 fibroblast con-
tributes to chemoresistance in CRC

By screening the expression of chemokine in 3T3-Snail, we
found that the expression of CCL1 increased more notably
than other chemokines (Fig. 7A). CCL1, interacting exclu-
sively with the CCR8, exerts anti-apoptotic and proliferative
activity [19]. Hence, we defined the functions of CCL1 in
CRC and wanted to know whether CCL1 induced chemore-
sistance in CT26. Thereafter, CT26 were cultured with 3T3-
Snail and harvested 48 hours later. Western blotting results
showed that the expression of multidrug resistance protein
1 (MDR1) in CT26 overtly increased (Fig. 7B). Furthermore,
using CCL1 to treat CT26, the expression of MDR1 in CT26
also increased (Fig. 7C). However, the chemoresistance 
induced by CCL1 could be reversed by silencing the expres-
sion of CCR8 in CT26 (Fig. 7C).  

6. CCL1 possibly contributes to chemoresistance in CT26
via TGF- and nuclear factor B signaling pathways

To investigate whether TGF- and other related signaling
pathways were involved in CCL1 induced chemoresistance
in CT26, the total and phosphorylation levels of STAT3,
GSK3, -catenin, ERK, Smad2, AKT, and nuclear factor B
(NF-B) were measured by western blotting. Our results 
revealed that CCL1 significantly phosphorylated ERK,
Smad2, AKT, and NF-B but not other molecules in CT26
(Fig. 8A). To ensure the role of TGF- and NF-B signaling
pathways in CCL1 induced chemoresistance, CT26 cells were
pretreated with SB431542 (the inhibitor of TGF- signaling
pathway) and BAY11-7081 (the inhibitor of NF-B) and then
CCL1 was used to treat. The results revealed that both
SB431542 and BAY11-7081 inhibited multidrug resistance
(Fig. 8B). Furthermore, SB431542 reversed CCL1 induced
ERK and Smad2 phosphorylation (Fig. 8C) and BAY11-7081
also reversed AKT and NF-B phosphorylation (Fig. 8D).
Strikingly, CCL1 may be tightly associated with Snail-expres-
sion fibroblasts induced tumor chemoresistance via TGF-
and NF-B signaling pathways.

Fig. 7. Role of chemokine C-C motif ligand-1 (CCL1) in 3T3-Snail contribute to chemoresistance in colorectal cancer. (A)
Heatmap representation of RNA expression levels in 3T3, 3T3-mock, and 3T3-Snail. The data was shown graphically in 
visualized by using a heatmap tool, OmicShare Tool. (B) The protein level of multidrug resistance protein 1 (MDR1) in CT26
after co-cultured with 3T3-Snail was shown by Western blot analysis. MDR1 expressed increasedly in CT26 co-cultured with
3T3-Snail cell lines. (C) CT26 cells were treated with CCL1 (100 ng/mL) and/or transfected si-CCR8 for 48 hours and the 
expression of MDR1 was detected by Western blotting. CCR8, chemokine (C-C motif) receptor 8; IL, interleukin; MMP,
matrix metalloproteinase.
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Fig. 8. Chemokine (C-C motif) ligand 1 (CCL1) contribute to chemoresistance in CT26 via transforming growth factor 
(TGF-) and nuclear factor B (NF-B) signaling pathways. (A) CT26 cells were treated with CCL1 for 5 minutes, 15 minutes,
30 minutes, and 1 hour, and the key proteins of several signaling pathways were detected via western blotting. (B) CT26
cells were pretreated with or without SB431542 (20 µM), BAY11-7081 (10 µM) for 2 hours and treated with CCL1 (100 ng/mL)
for 48 hours, and then the expression of multidrug resistance protein 1 (MDR1) was analyzed by western blot. (C, D) Cells
were pretreated with or without SB431542 (20 µM) (C)/BAY11-7081 (10 µM) (D) for 2 hours and treated with or without
CCL1 (100 ng/mL) for 5 minutes, and TGF-, NF-B pathway key proteins were analyzed by western blot. GAPDH, glycer-
aldehyde 3-phosphate dehydrogenase. (Continued to the next page)
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Discussion

Recently, chemotherapies did not significantly improve
clinical outcomes of CRC patient, which is likely to medicines
resistance. The interaction between cancer cells and tumor
microenvironment is a very important factor in the regula-
tion of cancer angiogenesis, invasion, metastasis and
chemotherapy [20]. CAFs, as the major component of tumor
stroma, are the key roles to chemoresistance in cancer cells
[4]. There have been reported that CAFs could promote 
resistance to chemotherapy of many cancers. Hu et al. [21]
demonstrated that CAFs contributed to chemoresistance in
colon cancer by deriving exosomes. Besides, chemotherapy
may induce the activation of CAFs to secrete cytokines such
as interleukin 17 and contribute to resistance of chemother-
apy [22]. Collectively, these results suggested that CAFs
could enhance chemoresistance through induction various
types of factors in CRC cells.

Snail, known as the trigger EMT, is reported significant 
association to patient survival when it expressed in tumor
stroma [23]. Franci et al. [12] indicated that fibroblastic Snail
expression predicted poor outcome of CRC. Here, we found
that the CAFs in the human colon cancer tissue and KM
mice’s spontaneous CRC tissue expressed Snail. To indicate
of the role of fibroblastic Snail in CRC, we generated the
Snail-overexpressed 3T3 stable cell lines and found that
Snail-expressing 3T3 fibroblasts presented a characteristic of
CAFs and increased proliferation of CT26. Multiple studies
assessing CAFs indicated that CRC chemoresistance is 
increased by CAFs [24]. Analogously, we demonstrated a
significant correlation between Snail-overexpression in 3T3
and the 5-fluorouracil/paclitaxel resistance in vitro. In order

to further strengthen the prognostication impact of Snail-
expressing fibroblasts for chemoresistance in CRC, we devel-
oped the subcutaneous transplanted of CRC model by using
CT26 and 3T3-Snail in the ratio of 1:2. After treating of 5-flu-
orouracil/paclitaxel, the group of CT26 mixed with 3T3-Snail
showed resistance while other groups did not.

On the other hand, our study showed that CCL1, CCL21,
and CXCL1 expressed more in 3T3-Snail cell lines than 3T3
and 3T3-mock. Our previous studies have mentioned that
CCL21 facilitated chemoresistance in CRC [25]. Nowadays,
evidences revealed that CCL1 induced anti-apoptosis and
proliferation in murine thymic lymphoma cell lines treated
with dexamethasone [10]. As expected, we found that the 
expression of MDR1 increased in CT26 after co-cultured with
3T3-Snail or treated with CCL1. Furthermore, evidences
raised that TGF- and NF-B signaling pathways partici-
pated in drug resistance in different cancers [26,27]. Our 
results showed that CCL1 significantly phosphorylated ERK,
Smad2, AKT, and NF-B and the phosphorylation could be
reversed by SB431542 and BAY11-7081. However, the mech-
anisms of those signaling pathways need more evidence to
be supported. These findings may indicate CCL1 as a poten-
tial agent candidate of 5-fluorouracil/paclitaxel resistance
leaded by 3T3-Snail.

Thus, our study proved that Snail-expression fibroblasts
were one of the crucial factors to chemoresistance in CRC.
Snail in 3T3 cells could improve the proliferation of CRC cells
even explored to 5-fluorouracil/paclitaxel. CCL1 might par-
ticipate in chemoresistance of CRC through TGF- and 
NF-B signaling pathways. Our experiments indicated that
the Snail-expression fibroblasts might be a promising thera-
peutic option for chemoresistance in CRC.
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Pleural Effusion and Efficacy of EGFR Tyrosine Kinase Inhibitors  
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   Purpose
Malignant pleural effusions (MPEs) are often observed in lung cancer, particularly adeno-
carcinoma. The aim of this study was to investigate epidermal growth factor receptor (EGFR)
mutation status in lung adenocarcinoma-associated MPEs (LA-MPEs) and its correlation
with efficacy of EGFR tyrosine kinase inhibitor (TKI) therapy. 

Materials and Methods
Samples comprised 40 cell blocks of pathologically-confirmed LA-MPEs collected before the
start of EGFR TKI therapy. EGFR mutation status was re-evaluated by peptide nucleic acid
clamping and the clinical outcomes of EGFR TKItreated patients were analyzed retrospec-
tively.  

Results
EGFR mutations were detected in 72.5% of LA-MPE cell blocks (29/40). The median pro-
gression-free survival for patients with EGFR mutations in LA-MPEs was better than that for
patients with wild-type EGFR (7.33 months vs. 2.07 months; hazard ratio, 0.486; 95% con-
fidence interval, 0.206 to 1.144; p=0.032). The objective response rate (ORR) of 26 patients
with EGFR mutations in LA-MPEs among the 36 patients with measurable lesions was
80.8%, while the ORR of the 10 patients with wild-type EGFR in LA-MPEs was 10% 
(p < 0.001). Among the 26 patients with EGFR mutations in LA-MPEs, the ORR of target 
lesions and LA-MPEs were 88.5% and 61.5%, respectively (p=0.026). 

Conclusion
EGFR mutation status in cell blocks of LA-MPEs confirmed by pathologic diagnosis is highly
predictive of EGFR TKI efficacy. For patients with EGFR mutations in LA-MPEs, the response
to EGFR TKIs seems to be worse for pleural effusions than for solid tumors.

Key words
Epidermal growth factor receptor, Lung adenocarcinoma, 
Pleural effusion, Tyrosine kinase inhibitor

Jiyoul Yang, MD1

Ok-Jun Lee, MD, PhD2,3

Seung-Myoung Son, MD2

Chang Gok Woo, MD2

Yusook Jeong, MD1

Yaewon Yang, MD1

Jihyun Kwon, MD1

Ki Hyeong Lee, MD, PhD1,4

Hye Sook Han, MD, PhD1,4

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

Correspondence: Hye Sook Han, MD, PhD
Department of Internal Medicine, Chungbuk 
National University College of Medicine, 
1 Chungdae-ro, Seowon-gu, Cheongju 28644, Korea
Tel: 82-43-269-6306
Fax: 82-43-273-3252
E-mail: sook3529@hanmail.net

Received  August 13, 2017
Accepted  September 14, 2017
Published Online  September 19, 2017

Departments of 1Internal Medicine and
2Pathology, Chungbuk National University
Hospital, Cheongju, Departments of 
3Pathology and 4Internal Medicine, 
Chungbuk National University College of
Medicine, Cheongju, Korea

Introduction

Lung cancer is a leading cause of cancer-related mortality
worldwide, with non-small cell lung cancer (NSCLC) 
accounting for around 80%-85% of lung cancers [1]. Most
NSCLC patients are diagnosed at an advanced stage and less
than 30% of patients undergo surgical resection [2]. The ini-
tial therapy for advanced NSCLC is systemic chemotherapy
with platinum-based doublets, but the response is poor 

(median overall survival, approximately 1 year) [3]. By con-
trast, treatment with epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitors (TKIs) leads to a significant
improvement in the prognosis of patients with advanced
NSCLC, particularly those harboring EGFR gene mutations
[4]. These mutations comprise small in-frame deletions and
substitutions clustered around the ATP-binding site in exons
18, 19, 20, and 21 of EGFR; these mutations increase the affin-
ity of ATPase and EGFR TKIs [5,6]. EGFR mutations occur in
the majority of female, non-smoking Asian patients with
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lung adenocarcinoma [5,6]. Successful treatment of advanced
lung adenocarcinoma with EGFR TKIs means that EGFR
mutation status can be used to select patients who will ben-
efit from treatment with these drugs. Currently, tumor tissue
obtained at surgery or biopsy are used for EGFR mutation
tests [7]; unfortunately, it is difficult to obtain an adequate
amount of tumor tissue from patients with advanced
NSCLC. Moreover, the often poor performance status of 
patients with advanced NSCLC means that they may not tol-
erate diagnostic procedures or the location of the tumor may
make it impossible to obtain tissue. Thus, new types of sam-
ple are needed to replace or supplement current samples to
detect EGFR mutations.

Malignant pleural effusion (MPE) is present in approxi-
mately 50% of advanced NSCLC patients, most frequently in
those with lung adenocarcinoma [8,9]. This adenocarcinoma
grows in the peripheral lung tissue and invades the pleural
cavity easily. Sampling pleural effusion is a relatively simple,
non-invasive, and repeatable procedure, and MPE is a feasi-
ble source of tumor DNA for molecular analysis [9]. There-
fore, MPE samples are useful when no tumor tissues are
available for mutation analysis. Although many studies
show that MPEs from NSCLC patients are a good material
in which to detect EGFR mutations [10-19], there are insuffi-
cient data to evaluate the utility of MPEs for determining
overall EGFR mutation rates and the efficacy of EGFR TKIs.  

Here, we selected patients using pathologically-confirmed
lung adenocarcinoma-associated MPE (LA-MPE) samples
and re-evaluated EGFR mutation status using peptide 
nucleic acid (PNA) clamping, which has a sensitivity of 1%.
The clinical outcome of patients receiving EGFR TKIs was
then analyzed retrospectively. Tumor response to EGFR TKI
therapy was analyzed by examining the response of target
lesions and pleural effusions separately.

Materials and Methods

1. Patients and sample collection 

From March 2010 to August 2016, cases from Chungbuk
National University Hospital were reviewed using a patho-
logic database of lung adenocarcinoma patients that con-
tained cell blocks of MPEs. All MPEs excluded tuberculosis
pleurisy through acid-fast bacilli staining and tuberculosis-
polymerase chain reaction (PCR). All cell blocks of MPE sam-
ples contained adenocarcinoma cells. Ethanol-fixed, paraffin-
embedded cell blocks of MPEs obtained from histologically-
or cytologically-confirmed lung adenocarcinoma patients
who showed no evidence of another malignant tumor were

included. Lung adenocarcinoma was confirmed by pathol-
ogy reports of primary tumor biopsies or of cell blocks of
MPEs that stained positive for thyroid transcription factor-
1. Matched formalin-fixed, paraffin-embedded surgically 
resected or biopsy specimens of primary lung adenocarci-
noma were also retrieved for comparison. All cell blocks of
LA-MPEs or primary lung adenocarcinoma tissues were col-
lected before the start of EGFR TKI therapy. Clinical charac-
teristics, including age, sex, smoking history, and EGFR TKI
therapy, were obtained from medical records. EGFR TKIs
were divided into three groups according to the initial EGFR
TKI agent used: (1) gefitinib or erlotinib were classified as
first generation EGFR TKIs; (2) afatinib or dacomitinib were
classified as second generation EGFR TKIs; and (3) osimer-
tinib, rociletinib, and HM61713 were classified as third gen-
eration EGFR TKIs.

2. DNA extraction and PNA clamping 

DNA was extracted from five representative paraffin sec-
tions (10 µm) cut from cell blocks and tumor tissue. Prior to
DNA isolation, the tissue was deparaffinized in xylene and
then washed in 70% ethanol. DNA was isolated using a High
Pure PCR Template Preparation Kit (Roche Applied Science,
Mannheim, Germany), according to the manufacturer’s pro-
tocol. The DNA was eluted in 50 µL elution buffer, and the
concentration and purity were assessed using a NanoDrop
ND-1000 spectrophotometer (NanoDrop Technologies, Wil-
mington, DE). The extracted DNA was stored at –20°C until
required.

A PNAClamp EGFR Mutation Detection Kit (PANA-
GENE, Inc., Daejeon, Korea) was used to detect EGFR muta-
tions by real-time PCR (RT-PCR), as previously described
[17,18]. The assay, based on PNA clamping technology,
quickly and accurately detects specific mutations or deletions
at known positions within the EGFR gene. Detection of 47
mutations in exons 18, 19, 20, and 21 of EGFR is possible.
Briefly, all reactions were carried out in a volume of 20 µL
containing template DNA, a primer, a PNA probe set, and
SYBR Green PCR master mix. RT-PCR was performed using
a CFX 96 apparatus (Bio-Rad, Philadelphia, PA). The ther-
mocycling conditions were as follows: 5 minutes at 94°C, fol-
lowed by 40 cycles at 94°C for 30 seconds, 70°C for 20
seconds, 63°C for 30 seconds, and 72°C for 30 seconds. PCR
efficiency was determined by evaluating threshold cycle (Ct)
values, which were calculated automatically from PCR 
amplification plots of SYBR Green fluorescence versus num-
ber of cycles. Delta Ct (Ct) was calculated as the Ct value
of the standard Ct minus the Ct value of the sample. Higher
Ct values indicate more efficient amplification of the 
mutant. A cutoff value of 2.0 was used to indicate the pres-
ence of mutant DNA.
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3. Efficacy of EGFR TKI therapy 

All patients were treated with EGFR TKI therapy and the
response was evaluated, although some were defined as 
mutation-negative. Progression-free survival (PFS) was cal-
culated from the start of EGFR TKI therapy until confirmed
disease progression or death. Based on serial imaging stud-
ies, treatment response was classified as follows: complete
response (CR), partial response (PR), stable disease (SD), or
progressive disease (PD) according to the Response Evalua-
tion Criteria in Solid Tumors 1.1 criteria [20]. Objective 
response rate (ORR) was defined as the percentage of 
patients with a CR or PR. The size of the pleural effusion was
defined as follows: Massive, effusion volume > 75% of the
hemithorax; large, effusion volume 50%-75% of the hemitho-
rax; moderate, effusion volume 25%-50% of the hemithorax;
and small, effusion volume < 25% of the hemithorax. Pleural
effusion responses were evaluated by computed tomography
before and after EGFR TKI therapy. Modified pleural effu-
sion response criteria from the Japan Lung Cancer Society
were adopted [21-23]: CR was defined as complete disap-
pearance of pleural fluid lasting for at least 4 weeks; PR was
defined as a distinguishable decrease (at least a 30% decrease
in the volume of pleural effusion) for more than 4 weeks; PD
was defined as appreciable progression of effusion (at least
a 20% increase in the volume of pleural effusion) or need of
drainage within 4 weeks; and SD was defined as failure to
meet the above criteria or no change in the amount of pleural
effusion, which required no thoracentesis for more than 4
weeks. Effusion response rate was defined as the percentage
of patients with a CR or PR. 

4. Statistical analysis

Categorical variables were analyzed using Pearson’s chi-
square test (except where a small size required the use of
Fisher exact test). PFS after EGFR TKI therapy was analyzed
by the Kaplan-Meier method, and groups were compared
using the log-rank test. All statistical tests were two-sided
and p-values < 0.05 were defined as statistically significant.
All statistical analyses were performed using SPSS for Win-
dows software, ver. 18.0 (SPSS Inc., Chicago, IL).

5. Ethical statement

The study, including the retrospective use of archival cell
blocks of LA-MPEs or tissue for EGFR mutation analysis, was
reviewed and approved by the Institutional Review Board
of Chungbuk National University Hospital.

Written informed consents were obtained; however, the 
informed consents were waived in patients who died at the
time of the study.

Results

1. Patient characteristics 

Of the 204 cell blocks of LA-MPEs confirmed by pathologic
diagnosis that were screened between March 2010 and 
August 2016, 40 that were collected before the start of EGFR

Fig. 1. Flow diagram. MPE, malignant pleural effusion; EGFR TKI, epidermal growth factor receptor tyrosine kinase 
inhibitor.

Lung adenocarcinoma associated MPEs confirmed 
by pathologic diagnosis (n=204)

Lung adenocarcinoma associated MPEs from 
patients treated with EGFR TKI therapy (n=52)

Lung adenocarcinoma associated MPEs collected 
before the start of EGFR TKI therapy (n=40)

Paired primary lung adenocarcinoma tissues 
collected before the start of EGFR TKI therapy (n=23)

Did receive EGFG TKI therapy (n=152)

Lung adenocarcinoma associated MPEs collected 
  after the start of EGFR TKI therapy (n=9)
Died before the evaluation of response to EGFR TKI (n=3)
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TKI therapy were analyzed (Fig. 1). Among them, 23 patients
had paired surgically resected or biopsy specimens of pri-
mary lung adenocarcinoma. The clinical characteristics of the
40 patients are listed in Table 1. The median age was 71 years
(range, 42 to 94 years). Twenty-five patients (62.5%) were 
female and 25 (62.5%) were never-smokers. The patients
were grouped according to the size of the pleural effusion:
13 patients (32.5%) had a small effusion, 11 (27.5%) had a
moderate effusion, and eight patients (20.0%) each had large
and massive effusions. The initial EGFR TKI was adminis-
tered as a first-line treatment during the course of the disease
in 27 (67.5%), as a second-line treatment in 11 (27.5%), and
as a third-line or further treatment in two (5.0%). Thirty-four
patients (85%) were treated with first generation EGFR TKIs
such as gefitinib or erlotinib.

2. EGFR mutation status in LA-MPEs and the efficacy of
EGFR TKI therapy 

The median PFS for patients with EGFR mutations in 
LA-MPEs was significantly longer than that for patients with
wild-type EGFR (7.33 vs. 2.07 months; hazard ratio, 0.486;
95% confidence interval, 0.206 to 1.144; p=0.032) (Fig. 2).

The tumor response to EGFR TKIs among the 36 patients
with measurable lesions according to EGFR mutation status
in LA-MPEs is shown in Table 2. Of the 26 patients with
EGFR mutations in LA-MPE, 21 (80.8%) showed a PR, one
(3.8%) showed SD, and four (15.4%) showed PD. Of the 10
patients with wild-type EGFR in LA-MPEs, one (10.0%)
showed a PR, four (40.0%) showed SD, and five (50.0%)
showed PD. EGFR mutation status in LA-MPEs correlated
with the overall tumor response to EGFR TKI therapy 
(p < 0.001). 

The tumor response of target lesions and pleural effusions
to EGFR TKIs among the 26 patients with measurable lesions
and EGFR mutations in LA-MPEs is shown in Table 3. Tumor
response of target lesions showed PR of 88.5%, SD of 3.8%,
and PD of 7.7%. Tumor response of pleural effusions showed
CR of 15.4%, PR of 46.1%, SD of 11.5%, and PD of 26.5%.
Among the 26 patients with EGFR mutations in LA-MPEs,
the ORR of the target lesions and LA-MPEs were 88.5% and
61.5%, respectively (p=0.026).

Table 1. Patient characteristics 

ECOG, Eastern Cooperative Oncology Group; EGFR TKI,
epidermal growth factor receptor tyrosine kinase inhibitor.

Characteristic No. of patients (n=40) 
Age at diagnosis (yr)

Median 71 (42-94)
Sex

Male 15 (37.5)
Female 25 (62.5)

ECOG performance status
0 3 (7.5)
1 36 (90.0)
2 1 (2.5)

Smoking history
Never smoker 25 (62.5)
Former and current smoker 11 (27.5)
Unknown 4 (10.0)

Size of the pleural effusion
Small 13 (32.5)
Moderate 11 (27.5)
Large 8 (20.0)
Massive 8 (20.0)

EGFR TKI therapy
1st line 27 (67.5)
2nd line 11 (27.5)
 3rd line 2 (5.0)

Generation EGFR TKI
1st 34 (85.0)
2nd 4 (10.0)
3rd 2 (5.0)

Fig. 2.  Progression-free survival according to EGFR
mutation status in cell blocks of malignant pleural effu-
sion. EGFR, epidermal growth factor receptor; WT, wild-
type; MT, mutant-type; CI, confidence interval; HR,
hazard ratio.
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1) EGFR mutation status in LA-MPEs and corresponding
primary lung adenocarcinomas 

EGFR mutations were found in 29/40 LA-MPEs and 19/23
primary lung adenocarcinomas (72.5% vs. 82.6%). The dif-

ference was not statistically significant (p=0.060) (Table 4).
The most frequent mutations observed in LA-MPEs and pri-
mary lung adenocarcinomas were a deletion mutation in
exon 19 and a point mutation (L858R) in exon 21. EGFR
mutations in primary lung adenocarcinomas and LA-MPEs

EGFR MT in LA-MPE (n=26)
Target lesions Pleural effusion

p-value

Best overall response
CR 0 ( 4 (15.4) 0.007
PR 23 (88.5) 12 (46.2)
SD 1 (3.8) 3 (11.5)
PD 2 (7.7) 7 (26.9)

Objective response 23 (88.5) 16 (61.5) 0.026

Table 3. Comparison of the response to EGFR tyrosine kinase inhibitors between target lesions and pleural effusions in 
patients with EGFR MT-MPE

Values are presented as number (%). EGFR, epidermal growth factor receptor; MPE, malignant pleural effusion; MT, mutant
type; LA-MPE, lung adenocarcinoma-associated MPE; CR, complete response; PR, partial response; SD, stable disease; PD,
progressive disease. 

Response Total (n=36)
EGFR mutation status of LA-MPEs

EGFR MT (n=26) EGFR WT (n=10) p-value
Best overall response 

PR 22 (61.1) 21 (80.8) 1 (10.0) < 0.001
SD 5 (13.9) 1 (3.8) 4 (40.0)
PD 9 (25.0) 4 (15.4) 5 (50.0)

Table 2. Tumor response to EGFR tyrosine kinase inhibitors

Values are presented as number (%). EGFR, epidermal growth factor receptor; LA-MPE, lung adenocarcinoma-associated
malignant pleural effusion; MT, mutant type; WT, wild type; PR, partial response; SD, stable disease; PD, progressive disease. 

EGFR mutation status EGFR mutation status of p-valueof LA-MPEs (n=40) primary lung adenocarcinoma (n=23)
EGFR mutation status

EGFR WT 11 (27.5) 4 (17.4) 0.060
EGFR MT 29 (72.5) 19 (82.6)

Exon 19 deletion 17 (58.6) 12 (63.2)
Exon 21 L858R 9 (31.0) 5 (26.3)
Exon 19 deletion and exon 21 L858R 2 (6.9) 2 (10.5)
Exon 21 L861R 1 (3.4) 0 (

Table 4. EGFR mutation status in malignant pleural effusion and primary lung adenocarcinoma

EGFR, epidermal growth factor receptor; LA-MPE, lung adenocarcinoma-associated malignant pleural effusion; WT, wild
type; MT, mutant type. 
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from the same patients are presented on a patient-by-patient
basis in Table 5. EGFR mutation status between primary lung
adenocarcinomas and corresponding LA-MPEs showed a
discordance rate of 26.1% (6 of 23 patients, case Nos. 15-20).
Among the six patients, one harbored an EGFR mutation in
the LA-MPE but not in the primary lung adenocarcinoma
and five with EGFR mutations in the primary lung adeno-
carcinoma had no mutations in LA-MPEs. Among the 14 
patients with EGFR mutations in both primary lung adeno-
carcinoma and LA-MPEs (case Nos. 1-14), the pleural effu-
sion in six (case Nos. 9-14) showed PD in response to EGFR
TKIs. The target lesions including the primary lung tumor
showed a PR, whereas the response of the pleural effusion
was classified as PD in the four patients with EGFR muta-
tions in both the primary lung adenocarcinoma and 
LA-MPEs (case Nos. 9-12).

Discussion

Here, we found that EGFR mutation status in cell blocks
of LA-MPEs confirmed by pathologic diagnosis is highly pre-
dictive of EGFR TKI efficacy. Furthermore, patients with 
advanced lung adenocarcinoma and pleural effusions that
harbor EGFR mutations in LA-MPEs respond less well to
EGFR TKIs than those with solid tumors. 

Advances in technologies that have very high sensitivity
for detecting mutations in a few tumor cells show that EGFR
mutations are detectable in pleural effusion samples [9-19],
and that the EGFR mutation status of a pleural effusion is a
useful predictor of the clinical outcome for NSCLC patients
treated with EGFR TKIs [10,11,14-16,18]. The present study
examined only lung adenocarcinoma and cytologically-con-
firmed MPEs, and analyzed patients that had previously 
received EGFR TKIs. The results show that the EGFR muta-
tion rate in patients with pleural effusion (78.5%) was higher

Table 5. Comparison of EGFR mutation status among patients with malignant pleural effusions and primary lung adeno-
carcinomas

Patient characteristic EGFR mutation status                 Response
Case

Sex Age (yr) Smoking Primary lung LA-MPEs                    Target lesions       Pleural effusionadenocarcinoma
1 F 71 Never L858R L858R                                           PR                             CR
2 M 42 Current Exon 19 del Exon 19 del                                 PR                             PR
3 M 81 Former Exon 19 del Exon 19 del                                 PR                             PR
4 F 59 Never Exon 19 del Exon 19 del                                 PR                             PR
5 F 77 Never Exon 19 del Exon 19 del                                 PR                             PR
6 M 81 Current Exon 19 del Exon 19 del                                 No                             PR
7 F 52 Never L858R Exon 19 del/L858R                    PR                             SD
8 F 46 Never Exon 19 del Exon 19 del                                 No                             SD
9 F 66 Never L858R L858R                                           PR                             PD

10 M 87 Former Exon 19 del/L858R L858R                                           PR                             PD
11 M 82 Former Exon 19 del/L858R Exon 19 del                                 PR                             PD
12 M 58 Former Exon 19 del Exon 19 del                                 PR                             PD
13 F 68 Never Exon 19 del Exon 19 del                                 SD                             PD
14 F 68 Never Exon 19 del Exon 19 del                                 PD                             PD
15 M 62 Former WT Exon 19 del/L858R                    PR                             PD
16 F 62 Current L858R WT                                               SD                             PR
17 F 72 Never Exon 19 del WT                                               PD                             PD
18 M 71 Former Exon 19 del WT                                               SD                             SD
19 F 94 Never L858R WT                                               SD                             PD
20 M 62 Never L858R WT                                               SD                             PD
21 M 71 Former WT WT                                               SD                             PD
22 F 81 Never WT WT                                               No                             PR
23 M 71 Current WT WT                                               PD                             PD

EGFR, epidermal growth factor receptor; LA-MPE, lung adenocarcinoma-associated malignant pleural effusion; PR, partial
response; CR, complete response; SD, stable disease; PD, progressive disease; WT, wild type. 
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than reported previously. Although previous studies demon-
strate the benefits of using body fluids to detect EGFR muta-
tions, the association between EGFR mutation status in
LA-MPEs and the efficacy of EGFR TKIs has remained rela-
tively unexplored. However, most previous studies included
fewer patients showing a response to EGFR TKIs, or used
EGFR mutation tests with high false-negative rates or sys-
temic body fluid samples such as plasma samples [10,11,
14-16,18]. Liu et al. [14] analyzed the correlation between the
response to EGFR TKIs and EGFR mutation status in 32 cell-
free pleural fluid samples using the Amplification Refractory
Mutation System method; however, the ORR for patients
with wild-type EGFR in pleural fluid was 60%, and false-neg-
ative results were still detected. Jian et al. [15] used PCR and
Taqman-Minor Groove Binding probes to analyze EGFR
mutations in 56 plasma and 32 cell-free pleural effusion sam-
ples from NSCLC patients and examined the correlation with 
responses to gefitinib. Response rates in those with mutant
EGFR were significantly higher than in those with wild-type
EGFR (90.9% vs. 9.1%, respectively). Here, we selected only
cell block samples of LA-MPEs containing cytologically-con-
firmed adenocarcinoma cells. The EGFR mutation status in
LA-MPEs was then analyzed using PNA clamping, a method
with a sensitivity of 1%. Overall, the tumor response was sig-
nificantly higher (80.8% vs. 10.0%) and PFS (7.33 months vs.
2.07 months) significantly longer in patients with EGFR
mutations than in patients with wild-type EGFR in LA-MPEs,
respectively. Although previous studies show that when sen-
sitive genotyping assays are used, cell-free pleural fluid pro-
vides the same mutational information as pleural effusion
cells [13,19], it is impossible to evaluate precisely whether the
tumor-derived DNA was adequately contained since 
extracted free DNA arises not only from tumor cells but also
from necrotic or apoptotic non-tumor cells. Furthermore, the
fraction of tumor cells in MPE may be very small, which
means that any signal generated by somatic mutations may
be easily obscured by the background signal generated by
wild-type alleles. Therefore, the sensitivity of mutation 
detection assay is very critical, and false-negative results
would become a major problem if an insensitive assay was
used. Therefore, if EGFR mutation testing is to be performed
in pleural effusion, we recommend that for MPE containing
cytologically-confirmed adenocarcinoma cells, cell pellets
rather than cell-free fluid is used, and that sensitive methods
such as PNA clamping, rather than insensitive methods, are
used. 

Previous studies discussed the efficacy of EGFR TKIs in
EGFR-mutated NSCLC patients with pleural effusion [24];
the results reveal that the response rate was only slightly
lower than that observed in previous prospective random-
ized trials, in which treatment duration with gefitinib was
considerably shorter. This is consistent with our findings of

similar TKI response rates in patients with EGFR-mutated
pleural effusion, although they show a shorter PFS than other
patients with EGFR mutation examined in previous studies.
Our study also examined responses to EGFR TKI therapy 
according to the EGFR mutation status of LA-MPEs; this was
done by examining the response of target lesions and pleural
effusions separately. Among patients with EGFR mutations
in LA-MPEs, the response rate of the target lesions and pleu-
ral effusions was 88.5% and 65.4%, respectively. For patients
harboring EGFR mutations in LA-MPEs, responses to EGFR
TKIs seem to be worse in pleural effusions than in target 
lesions. This suggests that lung adenocarcinoma patients
with MPE may exhibit unique pathophysiology, and that this
interferes with EGFR TKI treatment outcome. One hypothe-
sis is that the tissue surrounding the pleural space or physi-
ological third space created by the pleural effusion may be a
barrier to effective transport of EGFR TKIs. However,
Masago et al. [25] report good penetration of erlotinib into
the pleural space, resulting in marked accumulation of 
erlotinib in MPE upon repeated dosing. MPE is traditionally
attributed to occlusion of parietal pleural stromata or 
obstruction of lymph vessels which is underscored by 
inflammation, increased angiogenesis and vascular leakage
[9]. If obstruction of the pleural fluid flow occurs by destroy-
ing the structure of the lymph node in NSCLC patients with
MPE, the total volume of pleural fluid may not decrease,
even if EGFR TKI therapy is used to kill cancer cells in the
pleural fluid. Another hypothesis is that cancer stem cells in
the pleural effusion contribute to the high therapeutic failure
rates observed in patients with MPE. A recent study pro-
posed that cancer stem cells in the pleural effusion contribute
to the metastatic cascade via epithelial-mesenchymal transi-
tion (EMT), anoikis, and adaptation to the microenviron-
ment, which may explain the high therapeutic failure rates
in patients with MPE [26]. By reducing cell-cell or cell-matrix
interactions, cancer cells enter the serous cavities where they
become detached from the parent tumor and are rendered
“homeless.” The floating malignant cells, which are in a state
of anoikis in effusions, should succumb to apoptosis and dis-
appear [27]. However, in reality, the opposite occurs because
these cells are uniquely capable of proliferating progressively
despite the presumably unfavorable microenvironment. The
effusions may serve as a reservoir for tumor cells in the pleu-
ral cavity, where they can progress through EMT, become 
invasive again, and establish further metastases, which then
function as a dynamic reservoir that can supply the cancer
tissue through autocrine and/or paracrine interactions with
growth factors (e.g., vascular endothelial growth factor, basic
fibroblast growth factor, and transforming growth factor )
and other stimuli such as chemokines and cytokines pro-
duced mainly by cellular components, including mesothelial
cells, some stromal cells, and inflammatory cells [28-30].
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MPEs are filled with tumor cells that have the properties of
cancer stem cells after interacting with the microenvironment
[26]. A growing body of evidence suggests a relationship 
between EMT, the emergence of cancer stem cells, and drug
resistance [30].

The present study has some limitations. First, this study
retrospectively analyzed only patients previously exposed to
EGFR TKIs to confirm the association between EGFR muta-
tion status in LA-MPEs and efficacy of EGFR TKI therapy;
therefore, it is not possible to present the overall EGFR
mutation rate in pleural effusion in patients with LA-MPE.
Second, we did not analyze the follow-up cytology of 
LA-MPEs to evaluate negative cytologic findings after EGFR
TKI therapy. There are no standard criteria for evaluating the
effusion response to treatment in patients with MPEs. Similar
to our study, most investigations have attempted to evaluate
patients by correlating the treatment response with tradi-
tional solid tumor responses without looking at cytologic
findings [22,23]. However, according to the response criteria
of the Japan Lung Cancer Society, changes in the volume of
pleural effusion alone should not be used to assess responses
since they do not truly reflect alterations in tumor burden;
also, negative cytologic findings are also important for defin-
ing the response [21]. Third, therapeutic thoracentesis, chest
tube drainage, and intrapleural administration of sclerosing
agents or anticancer agents may influence the prediction of
response to pleural effusion. In this study, 30 patients (75%)
underwent more than 2 times (more than 1 L/time) of ther-

apeutic thoracentesis or chest tube drainage before tumor 
response evaluation. The pleural effusion response was
lower than the solid tumor response, despite the possibility
of being measured accurately by these additional proce-
dures. Finally, we could not analyze the mechanism under-
lying poor responses of MPE to EGFR TKIs because serial
sampling of pleural effusion or analysis of molecular bio-
markers unique to the pathophysiology of LA-MPE were not
performed. 

EGFR mutation status in LA-MPEs is highly predictive of
the efficacy of EGFR TKI therapy in patients with lung ade-
nocarcinoma. Pleural effusions in patients harboring EGFR
mutations in LA-MPEs do not respond to EGFR TKIs as well
as solid tumors. Further research is necessary to elucidate the
mechanisms underlying the poor response of pleural effu-
sion to EGFR TKIs and to develop new strategies that extend
the benefits of EGFR TKIs and subsequent treatments in 
patients with LA-MPEs.
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Purpose
Next-generation sequencing (NGS) allows simultaneous sequencing of multiple cancer sus-
ceptibility genes and may represent a more efficient and less expensive approach than 
sequential testing. We assessed the frequency of germline mutations in individuals with 
epithelial ovarian cancer (EOC), using multi-gene panels and NGS. 

Materials and Methods
Patients with EOC (n=117) with/without a family history of breast or ovarian cancer were 
recruited consecutively, from March 2016 to December 2016. Germline DNA was sequenced
using 35-gene NGS panel, in order to identify mutations. Upon the detection of a genetic 
alteration using the panel, results were cross-validated using direct sequencing. 

Results
Thirty-eight patients (32.5%) had 39 pathogenic or likely pathogenic mutations in eight
genes, including BRCA1 (n=21), BRCA2 (n=10), BRIP1 (n=1), CHEK2 (n=2), MSH2 (n=1),
POLE (n=1), RAD51C (n=2), and RAD51D (n=2). Among 64 patients with a family history of
cancer, 27 (42.2%) had 27 pathogenic or likely pathogenic mutations, and six (9.3%) had
mutations in genes other than BRCA1/2, such as CHECK2, MSH2, POLE, and RAD51C.
Fifty-five patients (47.0%) were identified to carry only variants of uncertain significance. 

Conclusion
Using the multi-gene panel test, we found that, of all patients included in our study, 32.5%
had germline cancer-predisposing mutations. NGS was confirmed to substantially improve
the detection rates of a wide spectrum of mutations in EOC patients compared with those
obtained with the BRCA1/2 testing alone.
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Ovarian epithelial cancer, Ethnicity, Germ-line mutation, 
Next-generation sequencing, Prevalence
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Introduction

The evaluation of germline mutations in high-penetrance
epithelial ovarian cancer (EOC) predisposition genes, specif-
ically BRCA1 and BRCA2 (BRCA1/2), has become a standard
clinical practice. Lifetime estimates of EOC risk range from
24% to 59% and 8% to 35% in BRCA1 and BRCA2 carriers, 
respectively [1-4]. Identification of BRCA1/2 mutations 
allows the application of preventive strategies, including
breast magnetic resonance imaging (MRI) screening or risk-
reducing surgeries, which can improve survival [5,6].

With the advances in the next-generation sequencing
(NGS), simultaneous sequencing of multiple cancer suscep-
tibility genes beyond BRCA has become available through
multi-gene panel testing in a less expensive and more rapid
manner, compared with that of the single-gene testing [7].
Additionally, testing multiple genes simultaneously creates
the potential for unexpected findings as well as for the iden-
tification of genetic alterations for which the clinical manage-
ment has not been established yet [7-9]. Previous investiga-
tions of germline mutations using multi-gene panel testing
of EOC patients revealed that 18%-24% of patients carry
germline mutations in BRCA1/2, BARD1, BRIP1, CHEK2,
MRE11A, MSH6, NBN, PALB2, RAD50, RAD51C, RAD51D,
or TP53 genes [7,9]. Furthermore, in one study, which 
included 127 EOC patients who previously underwent non-
informative genetic screening, nine patients (7%) were found
to have pathogenic mutations in APC, ATM, BRCA2, BRIP1,
MUTYH, and RAD51D genes [8].

However, considering the ethnicity-specific differences in
the germline mutations in cancer susceptibility genes, the 
assessment of cancer susceptibility gene variants in all ethnic
groups using clinical data is necessary. In Asians, no previ-
ous studies evaluated the frequency of germline mutations
in cancer susceptibility genes other than BRCA1/2 genes in
individuals with EOC who were referred for genetic evalua-
tion.

The primary objective of this study was to investigate the
frequency and spectrum of germline mutations in 35 cancer
susceptibility genes using multi-gene panel testing in a pop-
ulation of consecutive Korean patients with EOC.

Materials and Methods

1. Patient selection

All women with EOC admitted to Severance Hospital,
Yonsei University, South Korea, between March 2016 and 

December 2016, who consented to multi-gene panel testing
for clinical research, were included in this study. Blood sam-
ples of the participants were obtained, and the clinical and
pathologic data abstracted from medical records included
personal and family cancer histories, cancer histology, stage,
ancestry, and previous genetic test results. All ovarian can-
cers were reviewed by a gynecologic pathologist panel at the
same institute. Genetic test results obtained in this study
were considered research results and were not returned to
study participants or utilized for clinical decision making. 

2. NGS assay

Germline DNA was extracted from peripheral blood sam-
ple of the participants using the QIAamp Blood DNA mini
Kit (Qiagen, Hilden, Germany) according to the manufac-
turer’s instructions. Intact DNA was quantified and adjusted
to the concentration of 5 ng/µL using a Qubit 2.0 Fluorome-
ter (Invitrogen, Waltham, MA) and the Qubit dsDNA HS
Assay Kit (Invitrogen). Precapture libraries were constructed
according to the manufacturer’s sample preparation proto-
col. Genomic DNA of each patient was fragmented to a 
median size of 300 bp. We used customized targeted capture
sequencing panel (OncoRisk, Celemics, Seoul, Korea) cover-
ing all coding sequences and intron-exon boundaries of the
coding exons of 35 cancer susceptibility genes, including
BRCA1, BRCA2, PALB2, BARD1, BRIP1, RAD51C, RAD51D,
RAD50, NBN, MRE11A, ATM, CHEK2, TP53, PTEN, APC,
BLM, BMPR1A, CDH1, CDK4, CDKN2A, EPCAM, MEN1,
MLH1, MSH2, MSH6, MUTYH, PMS2, POLE, PRSS1, RET,
SLX4, SMAD4, STK11, VLH, and WT1. DNA fragments were
end-repaired, phosphorylated, and adenylated at the 3 ends.
The index adaptors were ligated to the repaired ends, DNA
fragments were amplified, and fragments of 200 to 500 bp
were isolated. Pooled libraries were sequenced on a MiSeq
sequencer (Illumina, San Diego, CA) using the MiSeq Rea-
gent Kit v2 (300 cycles).

3. NGS data analysis 

All clinically actionable variants identified by NGS, as well
as regions that did not meet our preset NGS quality metrics,
were independently confirmed with orthogonal site-specific
Sanger sequencing. Analyzed genes were categorized 
according to the cancer type-predisposing mutations (Table 1).

4. Annotation and variant classification

Variants were described according to nomenclature rec-
ommendations of the Human Genome Variation Society
(http://www.hgvs.org/mutnomen) and further categorized
according to the American College of Medical Genetics and
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Genomics recommendations, with supporting linkage, bio-
chemical, clinical, functional, and statistical data used for
specific missense and intronic alterations [10-12]. The vari-
ants were classified into pathogenic, likely pathogenic, vari-
ant of uncertain significance (VOUS), likely benign, and
benign/polymorphism, using five-tier system following the
guidelines of the American College of Medical Genetics and
Genomics [10]. Initially, variants were filtered by their fre-
quencies in population control databases including ExAC
(nonThe Cancer Genome Atlas dataset; frequencies were
calculated according to the ethnic subgroups), ESP6500, 1000
Genomes Project, and Korean Reference Genome Database.
Variants with a minor allele frequency (MAF) greater than
5% in any of the population subgroups were classified as 
absolutely benign. Conventionally, variants with a MAF
greater than 0.5% were considered as having a strong evi-
dence for a benign variant, whereas the evidence supporting
pathogenicity was considered moderate if these variants
were shown to be absent from the general population. Fur-
thermore, literature and database search for previous reports
and functional studies was performed using Alamut Visual
2.6 software (Interactive Biosoftware, Rouen, France) and
Human Gene Mutation Database professional database.
When all in silico analyses showed consistent predictions, the

results were considered the evidence demonstrating that a
certain variant is benign or pathogenic.

5. Confirmation by other methods

We identified all small base pair variations using Sanger
sequencing on a 3730 DNA Analyzer with the BigDye Ter-
minator v3.1 Cycle Sequencing Kit (Applied Biosystems, Fos-
ter City, CA). Sequencing data were aligned against appro-
priate reference sequences and analyzed using the Sequen-
cher 5.3 software (Gene Codes Corp., Ann Arbor, MI). Chro-
mosomal copy number alterations were confirmed using the
Infinium CytoSNP 850K array (Illumina) and BlueFuse Multi
software (Illumina).  

6. Ethical statement 

This study was approved by the Institutional Review
Board of the Yonsei University College of Medicine (No. 
4-2015-0141) and performed in accordance with the ethical
standards described in the Declaration of Helsinki. The 
requirement to obtain a written informed consent was
waived by the Institutional Review Board of the Yonsei Uni-
versity College of Medicine because our study was retrospec-
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Table 1. Hereditary cancer predisposition genes included in the multi-gene panel test
Gene Breast Ovarian Colorectal Endometrial Pancreatic Gastric Prostate Other
BRCA1, BRCA2 O O - - O - O -
MLH1, MSH2, MSH6, - O O O O O - O
PMS2, EPCAM

STK11 O O O O O O - O
APC, BMPR1A, SMAD4 - - O - O O - O
MUTYH - - O - - - - O
CDKN2A, CDK4 - - - - O - - -
TP53 O O O O O O O O
PTEN O - O O - - - O
CDH1 O - O - - O - -
PALB2, ATM O - - - - - - -
CHEK2 O - O - O - O -
NBN O - - - - - O -
BARD1 O - - - - - - -
BRIP1, RAD51C, RAD51D, O O - - - - - -
RAD50, SLX4

BLM - - - - - - - O
MEN1, RET - - - - - - - O
MRE11A O - - - - - - -
POLE - - O - - - - -
PRSS1 - - - - O - - -
VHL, WT1 - - - - - - - O
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Characteristic Total Mutation BRCA1/2 Non-BRCA1/2 p-value(n=117) (n=38)a) mutation (n=31) mutation (n=8)
Age, median (range, yr) 52 (16-83) 58 (40-76) 56 (45-76) 54 (40-71) 0.360
Stage

I 25 (21.4) 3 (7.9) 1 (3.2) 2 (25.0) 0.086
II 8 (6.8) 3 (7.9) 3 (9.7) 0 (
III 51 (43.6) 21 (55.3) 18 (58.1) 4 (50.0)
IV 33 (28.2) 11 (28.9) 9 (29.0) 2 (25.0)

Histology
Serous 83 (70.9) 33 (86.8) 28 (90.3) 6 (75.0) 0.172
Mucinous 7 (6.0) 0 ( 0 ( 0 (
Endometrioid 11 (9.4) 1 (2.6) 1 (3.2) 0 (
Clear cell 10 (8.5) 1 (2.6) 0 ( 1 (12.5)
Mixed 6 (5.1) 3 (7.9) 2 (6.5) 1 (12.5)

Ancestry
Asian 116 (99.1) 38 (100) 31 (100) 8 (100) > 0.99
White/Caucasian 1 (0.9) 0 ( 0 ( 0 (

Family history of cancer 64 (54.7) 25 (65.8) 21 (67.7) 4 (50.0) 0.712
Diagnosis at less than 50 47 (40.2) 10 (26.3) 8 (25.8) 2 (25.0) 0.795
Concurrent breast cancer 7 (6.0) 6 (15.8) 6 (19.4) 0 ( 0.307

Table 2. Patient characteristics

Values are presented as number (%). a)Two mutations including BRCA1 and one non-BRCA1/2 gene were identified simul-
taneously in a patient.

Fig. 1. Multiple-gene panel testing results. In a patient, multiple mutations were concomitantly identified. EOC, epithelial
ovarian cancer; VOUS, variants of uncertain significance. a)Two mutations including BRCA1 and one non-BRCA1/2 gene
were identified simultaneously in a patient.

EOC patients (n=117)

Mutation
Patients (n=38, 32.5%)

Mutations identifieda) (n=39) 

VOUS only
Patients (n=55, 47.0%)

VOUS identified (n=145)

VOUS in 34 genes
APC, ATM, BARD1, BLM, BMPR1A, BRCA1, BRCA2, 

BRIP1, CDH1, CDH2, CDK4, CDKN2A, CHEK2,
EPCAM, MLH1, MRE11A, MSH2, MSH6, MUTYH, 

NBN, PALB2, PMS2, POLE, PRSS1, PRSS3, RAD50,
RAD51C, RAD51D, RET, SLX4, TP53, VHL, and WT1

Mutations in 8 genes
BRCA1, BRCA2, BRIP1, CHEK2, MSH2, 

POLE, RAD51C, and RAD51D
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tive research based on medical records, and this research pre-
sented no more than minimal risk of harm to subjects.

Results

1. Study population

In Fig. 1, the results of multi-gene panel testing are pre-
sented. Of 117 patients with EOC, 44 deleterious mutations
were identified in 38 (32.5%) women, and 55 patients (47.0%)
were revealed to carry only VOUSs in 34 genes. Multiple 
genetic mutations were concomitantly identified in a patient.
Clinical and tumor pathologic features of study participants
per state of mutation are shown in Table 2. Out of 38 patients
with pathogenic or likely pathogenic mutations, 31 had
BRCA1/2 mutation and eight were shown to carry non-
BRCA1/2 mutations. All the BRCA1/2 mutations detected in
NGS assay were also confirmed by Sanger sequencing. The
median age at diagnosis was 52 years (range, 16 to 83 years);
99.1% of the study population was Asian, and 0.9% was non-
Ashkenazi white; 71.8% of the patients had stage III or IV dis-
ease. Furthermore, 54.7% of patients reported having a

first-degree relative with cancer. In total, 64 patients (54.7%)
had a family history of cancer, and among 38 patients who
carried deleterious mutations in genes, 25 patients (65.8%)
had family history of cancer in first-degree relatives. Concur-
rent breast cancers were found in seven patients (6%), and
five of them carried BRCA1 mutation, while one carried
BRCA2. There were no significant differences in the clinico-
pathologic characteristics between patients with BRCA1/2
mutation and patients with non-BRCA1/2 mutation. Also,
Kaplan-Meier analysis showed there were no differences in
progression-free survival (p=0.567) and overall survival
(p=0.492) between the two groups (S1 Fig.).

2. Frequency and spectrum of pathogenic and likely path-
ogenic mutations

Frequency of genetic alterations, including pathogenic or
likely pathogenic mutations and VOUSs, is illustrated in 
Fig. 2. All the data with anonymized and deidentified patient
information is available in S2 Table. Among 117 patients with
EOC, 39 pathogenic or likely pathogenic mutations were
identified in 38 women (32.5%). Out of 39 germline muta-
tions detected, 31 (79.5%) were shown to be germline
BRCA1/2 mutation, 21 in BRCA1, and 10 in BRCA2. In addi-
tion, eight (6.8%) women had a total of eight deleterious 

Kyung Jin Eoh, Germline Mutation Detection in EOC Patients

Fig. 2. Proportion of pathogenic or likely pathogenic mutations and variants of uncertain significance (VOUSs). (A) Multi-
gene panel test results. (B) Proportion and number of pathogenic or likely pathogenic mutations.

POLE (n=1, 3%)

MSH2 (n=1, 3%)

CHEK2 (n=1, 2%)

BRIP1 (n=1, 2%)

BRCA1 (n=21, 54%)

BRCA2 (n=10, 26%)

RAD51C 
(n=2, 5%)

RAD51D 
(n=2, 5%)

Mutation
(n=38, 32%)

VOUS only
(n=55, 47%)

None
(n=24, 21%)

VOLUME 50 NUMBER 3 JULY 2018  921



mutations in non-BRCA1/2 cancer predisposition genes 
including BRIP1 (n=1), CHEK2 (n=1), MSH2 (n=1), POLE
(n=1), RAD51C (n=2), and RAD51D (n=2). Characteristics of
patients with non-BRCA1/2 mutations are presented in 
Table 3. 

We did not find any deleterious mutations in APC, ATM,
BARD1, BLM, BMPR1A, BMPR1B, CDH1, CDH2, CDKN2A,
EPCAM, MEN1, MRE11A, MLH1, MSH6 MUTYH, NBN,
PALB2, PMS2, PRSS1, RAD50, RET, SLX4, STK11, TP53,
VHL, or WT1 genes. 

3. Frequency of VOUSs in cancer susceptibility genes  

Clinical and tumor pathologic features of study partici-
pants per state of VOUS are presented in S3 Table. Frequency
and spectrum of identified VOUSs are illustrated in Fig. 3.
At least one VOUS was identified in 78 women (66.7%), and
145 VOUSs have been identified in total. Twenty-five 
patients with VOUS also had a concomitant deleterious 
mutation. Among 54 patients (46.2%) that carried only
VOUSs, 30 patients had a family history of cancer in the first-
degree relatives. 

Discussion

To the best of our knowledge, this is the first study that 
included consecutively enrolled EOC patients of the Asian
ethnicity, and retrospectively examined the frequency and
spectrum of germline mutations in BRCA1/2 and other cancer
predisposition genes. Among 117 patients, we found that 38
patients (32.5%) carried pathogenic and likely pathogenic
mutations, while eight patients (6.8%) were shown to have
mutations in non-BRCA1/2 cancer predisposition genes, 
including BRIP1, CHEK2, MSH2, POLE, RAD51C, and
RAD51D. 

A large-scale study presented spectrum of germline 
mutations of ovarian cancer patients, whose ethnicities were
predominantly non-Hispanic whites (87.4%) [9]. The research
reported germline mutations in BRIP1 (1.4%), RAD51C
(0.6%), RAD51D (0.6%), MLH1 (0.01%), and CHEK2 (0.06%),
which also found in our study. [9] However, considering the
extensive gap between the numbers of subjects (1,915 
patients vs. 117 patients), a direct comparison with our 
results is not acceptable. NGS panel test for patients with
EOC began to be covered by National Health Insurance from
March 2017, systematic gathering and analysis of the pro-
duced data from ovarian cancer patients with Korean ethnic-
ity are required to compare with the data from another
ethnicity.

Cancer Res Treat. 2018;50(3):917-925
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RAD51C and RAD51D are known to correlate with an 
increased risk of EOC due to their involvement in the Fan-
coni-BRCA pathway [13,14]. RAD51C mutations are found
in 1% of unselected EOC patients and confer an overall life-
time EOC risk of about 9% at an average onset age of 60 years
[14]. A previous population-based case-control study demon-
strated that RAD51C and RAD51D represent moderate EOC
susceptibility genes, and 18% of EOCs (more frequently in
high-grade serous type) carrying RAD51C and RAD51D
mutations developed at age 50 or younger. If this risk esti-
mate is confirmed, risk-reducing salpingo-oophorectomy
may be a beneficial option for premenopausal women [15].
We identified four participants with pathogenic or likely
pathogenic mutations, including RAD51C c.597_603del-
CACTCTT (p.Phe199LeufsTer38), RAD51D c.270_271dupTA
(p.Lys91IlefsTer13), and RAD51D c.904-2A>T.

BRCA1-interacting protein C-terminal helicase 1 (BRIP1)
is involved in the BRCA-Fanconi anemia pathways, and it
was identified as a moderate-penetrance gene, conferring an
increased risk for EOC, with 6-8-fold increased EOC risk and
10%-15% lifetime risk [16,17]. Another report demonstrated
that BRIP1 mutations were found in 1.4% of EOC patients,
and they were shown to be associated with a moderate 
increase in EOC risk. These data have clinical implications
for the development of preventive strategies for the BRIP1
mutation carriers [18]. We identified one patient in our study
as a carrier of a deleterious mutation, BRIP1 c.1776G>A
(p.Trp592Ter), who has no family history of cancer in the
first-degree relatives. 

Cell-cycle checkpoint kinase 2 (CHEK2) plays a role in cell-
cycle arrest and DNA repair and its mutations contribute to
the development of hereditary and sporadic cancers [19].
One meta-analysis showed that CHEK2 1100delC increases
the lifetime risk 3-5 folds, with a 37% increase in the cumu-
lative risk of breast cancer by the age of 70 [20]. A previous
study examining Asian population reported that CHEK2
c.1111C>T (p.His371Tyr, rs531398630) was detected in famil-
ial and unselected breast cancer cases and controls, with
4.24% (5/118), 1.76% (16/909), and 0.73% (9/1228), respec-
tively  [21]. In this study, we identified two EOC patients
(age, 31 and 40 years) with pathogenic mutation, CHEK2
c.1111C>T (p.His371Tyr) and c.1555C>T (p.Arg519Ter), and
a family history of hematologic cancer and colon cancer in
the first-degree relatives, respectively. The patients were 
referred to the department of breast surgery, and followed
up with regular surveillance using breast MRI. 

The benefit of genetic testing for BRCA1/2 mutations is
well established. In addition to cancer prevention strategies
such as risk-reducing surgery, BRCA-associated cancers were
confirmed to show a better response to therapies such as
poly(ADP) ribose polymerase (PARP) inhibitors and plat-
inum agents than sporadic cancers [22,23]. Considering the
role of BRIP1, CHEK2, RAD51C, and RAD51D in the BRCA
pathway responsible for DNA repair, EOCs in patients with
mutations in BRIP1, CHEK2, RAD51C, or RAD51D may rep-
resent potential targets for PARP1 inhibitors, similar to the
BRCA1/2 mutation carriers.

The usefulness of multi-gene panel testing aimed at the 
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detection of germline mutations would be more beneficial
for the familial surveillance and risk-reduction strategies,
rather than the application of a targeted therapy, such as
PARP1 inhibition therapy. Currently, the National Compre-
hensive Cancer Network (NCCN) guidelines recommend
risk-reducing salpingo-oophorectomy when known muta-
tions in the EOC-associated genes (BRCA1, BRCA2, RAD51C,
RAD51D, BRIP1, MSH2, MLH1, MSH6, and PMS2) are 
detected [24]. Additionally, risk-reducing mastectomy is rec-
ommended when known breast cancer–associated gene
(BRCA1, BRCA2, CDH1, PTEN, TP53, and PALB2) mutations
are identified. Furthermore, the mutations in ATM, BRCA1,
BRCA2, CDH1, CHEK2, PLAB2, PTEN, STK11, and TP53 sug-
gest that the subsequent screening using breast MRI may be
indicated [24].

Mutations in the mismatch repair genes (MLH1, MSH2,
MSH6, PMS2, and EPCAM), which cause Lynch syndrome,
are often considered the major causes of hereditary EOC, in
addition to BRCA1 and BRCA2 mutations [25]. The identifi-
cation of these mutations may allow an improved surveil-
lance, leading to the identification of colorectal, endometrial,
ovarian, and other cancers in patients with EOC and their
relatives [26]. An MSH2 mutation, c.1321dupA (p.Thr441As-
nfsTer2), was detected in our study, and the patients had sig-
moid colon cancer concomitantly with the family history of
stomach cancer. Further large population-based studies are
required to establish the frequency of deleterious mutations
in these genes.

We detected a non-hereditary breast-ovarian cancer syn-
drome related gene, POLE. The POLE gene mutation was 
reported as a risk factor for the early onset mismatch repair-
deficient colorectal cancer [27]. According to the NCCN
guidelines, enhanced colorectal cancer screening is recom-
mended in patients with a germline mutation in POLE gene.

According to the data collected in this study, 78 patients
(66.7%) were shown to have 145 VOUSs in 34 genes (Fig. 3).
Approximately one-third of patients had at least one VOUS,
as previously reported in other studies evaluating NGS pan-
els [4,26]. Most of them will eventually be categorized, most
likely as benign, but some will be categorized as deleterious

[12,28]. Until their significance is fully understood, VOUSs
should not be used for making clinical decisions. 

The application of multi-gene panel testing in the evalua-
tion of cancer susceptibility genes has been rapidly increas-
ing in clinical practice. These multi-gene panel tests can be
used for the analysis of not only high-penetrance genes with
established clinical utility, but also genes for which clinical
validity or significance is currently less evident. The appro-
priate interpretation of results is important for the develop-
ment and recommendation of effective strategies for risk
management, which may be challenging for clinicians, who
often lack genetic training, and for their patients, who should
undergo the screening and prevention strategy decision-
making process. 

In conclusion, here we presented germline mutation data
obtained from unselected EOC patients of Asian ethnicity.
Overall, 38 out of 117 EOC patients (32.5%) were shown to
have 39 germline mutations in eight genes (BRCA1, BRCA2,
BRIP1, CHEK2, MSH2, POLE, RAD51C, and RAD51D). We
identified non-BRCA1/2 cancer predisposition genes muta-
tion in eight out of 117 patients (6.8%). NGS has a potential
to substantially improve the detection rates of a wide spec-
trum of mutations in ovarian cancer patients compared with
the BRCA1/2 testing alone.
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   Purpose
Although studies regarding dental developmental disturbances after childhood cancer treat-
ment have increased, they have many limitations. Studies analyzing the significance of 
independent clinical risk factors with regard to the dental health status are also rare. We
aimed to investigate the risk factors for dental developmental disturbances, particularly 
severe disturbances, in childhood cancer survivors (CCS).

Materials and Methods
Oral examinations and retrospective reviews of medical and panoramic radiographs were
performed for 196 CCS (mean age, 15.6 years). Cancer type, age at diagnosis, treatment
modality, type and accumulated dose of administered drugs, and dose and site of radiation
were recorded. Dental developmental disturbances were diagnosed using panoramic radi-
ographs and graded for severity according to the Modified Dental Defect Index (MDDI). 
Descriptive statistics and multivariate analyses were performed to determine the association
between dental abnormalities and clinical factors.

Results
In total, 109 CCS (55.6%) exhibited at least one dental anomaly, and the median value of
MDDI was 2.5. Microdontia (30.6%) was the most prevalent anomaly, followed by tooth
agenesis (20.4%), V-shaped roots (14.8%), and taurodontism (10.2%). Multivariate analysis
revealed that a young age at diagnosis ( 3 years), a history of hematopoietic stem cell
transplantation, the use of multiple classes of chemotherapeutic agents ( 4 classes), and
the use of heavy metal agents were significant risk factors for severe dental disturbances.

Conclusion
CCS with any of the above risk factors for severe developmental disturbances should be
comprehensively followed up to minimize adverse consequences to their dental develop-
ment and preserve their future dental health.
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Neoplasms, Survivors, Adverse effects, Odontogenesis, 
Tooth abnormalities
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Introduction

The survival of patients with childhood cancer has 
increased because of current multimodal therapies, and 
research has been increasingly focusing on the future quality
of life of these survivors. The long-term dental effects of can-
cer therapy in children include several irreversible develop-
mental anomalies, such as tooth agenesis, microdontia,

enamel hypoplasia, disturbed root development, and tau-
rodontism [1]. More than 90% of childhood cancer survivors
(CCS) exhibit an oral complication of some type [2].

Both chemotherapeutic agents and radiation therapy,
which should ideally eradicate only tumor cells and cause
minimal damage to normal tissue, lack specificity, and this
results in the occurrence of dental and facial developmental
anomalies. The severity of effects on dentofacial structures
was found to be associated with the stage of odontogenesis,



age at cancer diagnosis, type of treatment received, and dose
and field of irradiation [3]. Chemotherapy and radiation ther-
apy in children have negative effects on dental development,
which is a unique process that occurs during the first 15-16
years of life. Existing reports have found that patients treated
with chemotherapy at less than 5 years of age may be at a
greater risk for dental anomalies because of the proliferation
of dental stem cells during this period [4].

Although there are multiple studies investigating dental
developmental disturbances after childhood cancer treat-
ment, they have many limitations, including a small number
of participants, the use of questionnaires instead of clinical
examinations, and the use of registry databases [5,6]. Studies
analyzing the significance of independent clinical risk factors
with regard to dental health status are also rare. In the pres-
ent study, we used comprehensive clinical examinations and
panoramic radiographs to evaluate the severity of dental 
developmental disturbances in CCS in an established long-
term follow-up clinic using a newly developed scoring sys-
tem. 

Materials and Methods

1. Study population

In total, 196 CCS who visited the long-term follow-up
clinic in the childhood cancer center at Yonsei Cancer Center,
Yonsei University Health System between December 13, 2014
and October 1, 2016 were included in this study. The mini-

mum follow-up duration was 2 years after the completion of
childhood cancer therapy. The primary outcome was the 
occurrence of dental complications at least 2 years after the
completion of cancer therapy.

2. Demographics and evaluated risk factors

Oral examinations were performed in conjunction with a
retrospective review of medical and panoramic radiography
data; the cancer type, age at cancer diagnosis, treatment
modality, type and accumulated dose of administered drugs,
and dose and site of radiation were recorded. The patients
were divided into three groups according to the age at cancer
diagnosis: youngest ( 3 years old), middle (3-5 years), and
oldest ( 5 years). The class of chemotherapeutic agents was
defined by the mechanisms of action for each agent. The total
number of chemotherapeutic agent classes used for each sur-
vivor was recorded to estimate the toxicity of chemotherapy;
“multiple classes” was defined as  4 classes. The radiation
dose was defined as the maximal dose of radiation delivered
to specific body regions, including the head and neck.

3. Diagnosis of dental developmental disturbances

Dental developmental disturbances were diagnosed using
dental examinations, panoramic radiography, and dental his-
tories. Clinical and radiographic data were reviewed by 
pediatric dental specialists. Tooth agenesis was defined as
the congenital absence of a permanent tooth or tooth germ
(third molars were excluded). Microdontia was defined as a
tooth size that was smaller than normal (third molars and the
maxillary lateral incisor, which is commonly affected, were

Table 1. Classification of dental developmental disturbances with the Modified Dental Defect Index (MDDI)
Site Classification MDDI
Crown Normal crown development 0

Mild enamel hypoplasia diagnosed as developmental enamel defect 1
Severe enamel hypoplasia diagnosed as notches on proximal surfaces 2

Root Normal root development, R/C ratio > 1.6 0
Taurodontism (taurodontic index > 20) 1
Arrested root development with shortened tapered V-shaped roots 1
(R/C ratio=0.8-1.6; greater than 50% normal root length)

Arrested root development with shortened blunted (U-shaped) roots 3
(R/C ratio < 0.8; less than 50% normal root length)

Total arrested root development 5
Crown and root Microdontia (mesiodistal crown size was about half or less than the expected tooth size) 4

Tooth agenesis 6

In multi-rooted teeth, the longest root was used in the calculation. R/C ratio, relative ratio between root (R) and crown (C)
length.
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excluded). The criteria for classifying data as undetermined
were as follows: ongoing tooth development with an unclear
final morphology, absence of teeth that are not categorized
in the agenesis group at a young age, and generally unreli-
able appearance on panoramic view. With regard to tooth
agenesis, a tooth was not considered missing before a certain
age as follows: first premolar, < 5 years; second premolar, 
< 6 years; and second molar, < 7 years.

4. Modified Dental Defect Index

We developed the Modified Dental Defect Index (MDDI)
to describe the severity of damage to the dentition in the
present study (Table 1). This index system is a modified ver-
sion of the defect index and the dental disturbance classifi-
cation and severity rating scale proposed by Sonis et al. [4]
and Holtta et al. [7]. The MDDI combines abnormalities in

Fig. 1.  A panoramic radiograph (A) and schematic presentation (B) of the method of calculation of the Modified Dental Defect
Index (MDDI) score for a patient (7 years and 11 months, male) with Ewing’s sarcoma. The patient received 45 Gy of radiation
to the ethmoid region at 3 years and 2 months of age and chemotherapy with doxorubicin (300 mg/m2) at 1 year and 7 months
of age. Twelve permanent teeth are missing, and the development of all present teeth is severely affected. The total MDDI
score is 130.
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root length, crown calcification, microdontia, and tooth age-
nesis, thus representing the overall damage to the permanent
dentition with a single index figure. The MDDI was finally
calculated by adding the score for each permanent tooth as
shown in Fig 1. The disturbances in each patient were cate-
gorized as normal (MDDI, 0), moderately abnormal (1 
MDDI < 14), and severely abnormal (MDDI  14). The cut-
off (MDDI, 14) score was set to the median value for the sur-
vivors with an abnormal MDDI score ( 1).

5. Statistical analysis

Dental developmental disturbances and clinical risk factors
were evaluated using exact chi-square tests, and Kruskal–
Wallis tests. Logistic regression models were used to assess
the association between the risk factors and severely abnor-
mal disturbances. Factors that were significant in the univari-
ate analysis and clinically meaningful variables were selected
for the multivariate analysis. All statistical analyses were per-
formed using IBM SPSS ver. 23.0 (IBM SPSS Statistics, IBM
Corp., Armonk, NY) and OriginPro 2016 software (Origin-
Lab, Northampton, MA).

6. Ethical statement

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of the
Institutional Review Board of Yonsei University Dental Hos-

pital (approval number: 2-2015-0010). The informed consent
was waived.

Results

1. Patient characteristics

Among the 196 survivors, 127 were boys and 69 were girls.
The median age at cancer diagnosis and treatment comple-
tion was 4.7 and 7.1 years, respectively. The median time
since the completion of cancer therapy was 6.9 years (2.1-
22.5). The most prevalent type of cancer was acute lym-
phoblastic leukemia (36.2%) (Table 2). The proportion of
patients who received chemotherapy was 99.5%, and the 
median number of agent classes was seven. There was a sig-
nificant difference in the type of drug treatment received 
between the three age groups, which included enzymes,
alkylating agents, antimetabolites, corticosteroids, and 
anthracyclines (S1 Table). Radiotherapy was administered to
67 patients (34.2%), with the dose ranging from 6.0 to 70.2
Gy. Radiotherapy use was most prevalent in the oldest group
(47.9%), followed by the middle (27.3%) and youngest
(17.2%) groups. Forty-seven patients (24.0%) underwent
hematopoietic stem cell transplantation (HSCT); the median
age at HSCT was 6.1 (0.6-14.8) years (S2 Table).

Characteristic All Youngest Middle Oldest p-value( 3 yr) (3-5 yr) ( 5 yr)
Sex (male:female) 127:69 44:20 30:15 53:34
Age at diagnosis (yr) 4.7 (0-16.4) 1.6 (0-3.0) 4.0 (3.0-4.9) 8.6 (5.0-16.4) < 0.001
Age at completion (yr) 7.1 (0.4-16.9) 3.0 (0.4-11.0) 6.3 (3.9-13.2) 10.0 (5.9-16.9) < 0.001
Treatment term 1.1 (0-10.25) 0.9 (0-10.25) 3.0 (0.3-8.5) 1.0 (0-6.8) 0.003
Evaluation age 14.9 (4.6-33.9) 12.7 (4.6-25.2) 13.1 (6.4-29.4) 17.4 (9.4-33.9) < 0.001
Follow-up term 6.9 (2.1-22.5) 9.5 (2.3-21.8) 7.3 (2.1-22.5) 6.1 (2.1-22.0) 0.001
Diagnosis

ALL 71 (36.2) 15 (23.4) 28 (63.6) 28 (31.8) < 0.001
AML 7 (3.6) 2 (3.1) 0 ( 5 (5.7) 0.246
Lymphoma 23 (11.7) 6 (9.4) 4 (9.1) 13 (14.8) 0.490
Brain tumor 22 (11.2) 3 (4.7) 1 (2.3) 18 (20.5) 0.001
Sarcoma 18 (9.2) 4 (6.3) 3 (6.8) 11 (12.5) 0.347
Abdomen 37 (18.9) 23 (35.9) 6 (13.6) 8 (9.1) < 0.001    
Others 18 (9.2) 11 (17.2) 2 (4.5) 5 (5.7) 0.025

Table 2. Demographics of the study population

Values are presented as median (range) or number (%). Others indicate Langerhans cell histiocytosis, aplastic anemia, hemo-
phagocytic lymphohistiocytosis, hemophagocytic syndrome. ALL, acute lymphoblastic leukemia; AML, acute myelogenous
leukemia. 
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2. Prevalence of dental developmental disturbances

The panoramic radiographs of 87 patients (44.4%) showed
no dental abnormalities at the most recent examination; those
of the remaining 109 patients (55.6%) showed at least one 

abnormality. Microdontia (30.6%) was the most prevalent,
followed by tooth agenesis (20.4%), V-shaped roots (14.8%),
and taurodontism (10.2%) (Table 3). In the youngest group,
42.2% of patients exhibited tooth agenesis or microdontia.
Abnormal root development was less frequently observed in

Characteristic All Youngest Middle Oldest p-value( 3 yr) (3-5 yr) ( 5 yr)
Normal 87 (44.4) 13 (20.3) 19 (43.2) 55 (62.5) < 0.001
Dental disturbances 109 (55.6) 51 (79.7) 25 (56.8) 33 (37.5) < 0.001

Tooth agenesis 40 (20.4) 25 (39.1) 7 (15.9) 8 (9.1) < 0.001
Microdontia 60 (30.6) 37 (57.8) 13 (29.5) 10 (11.4) < 0.001
Mild enamel hypoplasia 10 (5.1) 4 (6.3) 2 (4.5) 4 (4.5) 0.879
Severe enamel hypoplasia 14 (7.1) 11 (17.2) 3 (6.8) 0 ( < 0.001
V-shaped root 29 (14.8) 13 (20.3) 8 (18.2) 8 (9.1) 0.121
U-shaped root 19 (9.7) 4 (6.3) 5 (11.4) 10 (11.4) 0.525
Total arrested root development 1 (0.5) 1 (1.6) 0 ( 0 ( 0.355
Taurodontism 20 (10.2) 7 (10.9) 8 (18.2) 5 (5.7) 0.080

Total MDDI score 2.5 (0-130) 18 (0-130) 6 (0-44) 0 (0-36) < 0.001

Table 3. Prevalence of dental developmental disturbances in childhood cancer survivors (overall cohort and different age
groups)

Values are presented as number (%) and median (range). MDDI, Modified Dental Defect Index. 

Fig. 2.  (A) Proportions of patients with tooth agenesis, microdontia, abnormal root development, and combined anomalies
in the three age groups of childhood cancer survivors (youngest,  3 years; middle, 3-5 years; oldest,  5 years). The prevalence
of agenesis or microdontia is the highest in the youngest group, while that of abnormal root development exhibits a tendency
to increase in the older groups. (B) Distribution of teeth affected by tooth agenesis and microdontia. The data show that 
microdontia is most common in the maxillary second premolars and second molars, while tooth agenesis is most common in
the maxillary and mandibular second premolars. U1, upper (maxillary) central incisor.
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this group compared with the other groups (1.6%) (Fig. 2A).
In the oldest group, abnormal root development (18.2%) was
more prevalent than agenesis or microdontia (13.6%), while
the prevalence of combined disturbances (3.4%) in the
youngest group was markedly lower than that in the other
groups. The most common teeth exhibiting agenesis were the

mandibular (22.8%) and maxillary (17.7%) second premolars.
Microdontia was the most prevalent in the maxillary second
premolar (24.1%), followed by the maxillary second molar
(17.7%) (Fig. 2B).

Fig. 3.  Relationship between Modified Dental Defect Index (MDDI) scores and treatment factors in the three age groups of
childhood cancer survivors (youngest,  3 years; middle, 3-5 years; oldest,  5 years). (A) The MDDI score for the youngest
group is significantly different compared to the middle and oldest groups (p < 0.001). (B) The MDDI score is significantly
higher in the youngest group diagnosed with brain tumors (p=0.042). (C) The MDDI score is significantly higher in youngest
group treated with hematopoietic stem cell transplantation (p=0.001). (D) The MDDI score is significantly higher in youngest
group treated with head and neck radiation therapy at a dose of  40 Gy (p=0.002). (Continued to the next page)
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Fig. 3.  (Continued from the previous page) (E) The MDDI score is significantly higher in the youngest group receiving  4 classes
of chemotherapeutic agents (p=0.003). (F) The use of heavy metal agents significantly increases the MDDI score in the youngest
and middle groups (p=0.004 and p=0.037, respectively).
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Table 4. Multivariate analysis of potential risk factors for severely abnormal Modified Dental Defect Index (MDDI) compared
to normal MDDI group
Characteristic Odds ratio 95% Confidence interval p-value
Sex

Male vs. female 0.753 0.255-2.217 0.606 
Age at diagnosis

Youngest ( 3 yr) 265.757    37.037-1,906.915  < 0.001
Middle (> 3 yr and < 5 yr) 33.897 5.583-205.796  < 0.001
Oldest ( 5 yr) Reference 

Brain tumor
No vs. brain tumor 0.420   0.016-11.270 0.605 

HNRT dose
< 40 Gy vs.  40 Gy 2.442 0.122-48.983 0.560 

HSCT
Non-HSCT vs. HSCT 3.875 1.016-14.785 0.047

Multiple class of chemotherapeutic agents
< 4 class vs.  4 class 8.878    2.263-34.822  0.002

Use of heavy metal agents
No vs. yes 9.350    1.970-44.370 0.005

HNRT, head and neck radiation therapy; HSCT, hematopoietic stem cell transplantation.
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3. Clinical risk factors for dental developmental distur-
bances

The MDDI score was significantly higher in the youngest
group than the other two groups (p < 0.001). There was no
significant difference in the MDDI score between the other
two groups (p=0.396) (Fig. 3A). The presence of a brain tumor
and a history of HSCT were associated with an increased risk
for developmental anomalies, particularly in the youngest
group (p=0.042 and p=0.001, respectively) (Fig. 3B and C). In
addition, the MDDI score showed a significant increase with
the maximum head and neck radiation therapy (HNRT) dose
( 40 Gy and < 40 Gy) in the youngest group (p=0.002) 
(Fig. 3D). The use of  4 classes of chemotherapeutic agents
(p=0.003) and the use of heavy metal agents (p=0.004) also
demonstrated a significant association with an increased
MDDI score in the youngest group (Fig. 3E and F). The lin-
ear-by-linear association test was used to examine the linear
association between clinical risk factors and MDDI severity
outcomes. The use of heavy metal agents significantly 
affected moderate and severe dental defects (S3 Table). Com-
paring MDDI according to the age group and clinical risk fac-
tors, the score increased in patients with a history of HSCT,
heavy metal use, and tumor of the abdomen. Additional risk
factors were influenced by the youngest group, which 
included a history of  40 Gy HNRT, the use of alkylating
agents, and a diagnosis of brain tumor. A history of sarcoma
was a significant risk factor for dental defects in the middle
group (S4 Table).

4. Multivariate analysis of risk factors for severe dental 
developmental disturbances

Multivariate analysis revealed that a young age at diagno-
sis ( 3 years), a history of HSCT, the use of  4 classes of
chemotherapeutic agents, and the use of heavy metal agents
were significant risk factors for severely abnormal MDDI
scores (Table 4).

Discussion

We investigated the significant risk factors for dental 
developmental disturbances in CCS among different age
groups and found that childhood cancer treatment often 
results in developmental disturbances of permanent denti-
tion, with 55.6% of patients exhibiting at least one dental dis-
turbance. Depending on the age at cancer diagnosis and the
intensity of treatment, the dental abnormalities ranged from
tooth agenesis (20.4%) to microdontia (30.6%) and shortened

roots caused by the premature arrest of root formation.
In the present study, a young age at cancer diagnosis ( 3

years) was found to be the most important risk factor for den-
tal developmental anomalies. This finding suggests that
tooth development may be affected at any point prior to
complete maturation. Our age group classification was based
on the standard schedule for tooth development. Calcifica-
tion of the first premolars begins between 1.5 and 2 years of
age, while that of the second premolars and second molars
begins between 2 and 2.5 years and 2-2.5 and 3 years, respec-
tively. While other permanent teeth start hard tissue forma-
tion within 1 year of birth, premolars and the second molars
begin initial calcification 2 years after birth. Therefore, these
teeth are vulnerable to environmental factors such as cancer
treatment during their development. If teeth do not develop
at or near these times, they will grow abnormally, resulting
in tooth agenesis or microdontia. Between 3 and 5 years of
age, root development begins in teeth that develop early and
crown development is ongoing in teeth that develop late.
Cancer treatment administered during this period is believed
to cause disturbances to both crowns and roots. The present
study clearly demonstrates that the prevalence of tooth age-
nesis and microdontia decreases and that of abnormal root
development tends to increase with age. Previous studies
have shown that children treated before and approximately
5 years of age were at a high risk for dental disturbances due
to localized or systemic insults on ameloblasts and odonto-
blasts, which arrest dental growth [2,3]. Since the dental 
development process is very active between 3 and 5 years of
age, the high frequency of treatment-related dental abnor-
malities found in our study is not surprising. In contrast,
studies have suggested that the prevalence of dental devel-
opmental disturbances does not change with the age at can-
cer diagnosis [8,9]. These differences in findings are probably
caused by differences in the treatment protocol and the 
inclusion of small groups confined to a single diagnosis. 
Additionally, variations in the timing of tooth formation
could also be a possible reason.

Chemotherapeutic drugs can affect the development of
permanent teeth. The severity of tooth-related abnormalities
secondary to cancer treatment is related to the age at the time
of treatment, drug dosage, and treatment duration [10]. Dis-
turbed odontogenesis has been reported after the adminis-
tration of several chemotherapeutic agents, including
anthracyclines, cyclophosphamide, vincristine, and actino-
mycin D [11]. Interestingly, heavy metal agents such as cis-
platin and carboplatin also alter normal dental development.
These drugs are meant to interfere with replication and the
mitotic processes of cancer cells only, given the significant
side effects associated with healthy cell destruction [12]. In a
previous study, exposure to cisplatin elicited a minor 
decrease in precursor cells in the epithelial sheath and dental
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pulp stem cells, although the toxicity was similar to that
caused by other agents [13,14].

Radiation therapy is often implicated in development dis-
orders of the body; however, the minimum dose that alters
the development of the dentition remains unclear. Dental 
defects are more severe in children subjected to head and
neck radiotherapy and total body irradiation combined with
chemotherapy than in children subjected to chemotherapy
alone [8,9]. In a previous study, nine of 10 patients who 
received fractionated total body irradiation exhibited severe
root defects, whereas none of the patients who received
chemotherapy alone developed severe defects [15]. A previ-
ous study reported that a radiation dose of 4 Gy would affect
dental development [16], while another reported that doses
of 10 Gy and 30 Gy are enough to cause permanent damage
to mature ameloblasts and arrest dental development, 
respectively [17]. In the present study, we observed a signif-
icant increase in the MDDI score in a dose-dependent pattern
( 40 Gy) in children younger than 3 years. High-dose HNRT
was not found to be a significant factor in the multivariate
analysis because most patients who received  40 Gy were
above 5 years of age; radiotherapy was avoided in the
youngest group. However, in the univariate analysis, a head
and neck dose of  40 Gy influenced the MDDI score for the
youngest group, but not the score for the oldest group.
Therefore, the age of the patients was more important than
HNRT itself.

In the present study, the youngest patients who received
HSCT exhibited a statistically higher MDDI score compared
to the other groups, suggesting that HSCT may affect the
prevalence and severity of dental anomalies. Although rele-
vant studies regarding HSCT recipients are few, our patients
exhibited more dental anomalies than those who received
conventional chemotherapy. In our study, the most severe
disturbances in the root/crown ratio occurred in middle-
aged patients who received HSCT. The conditioning regimen
is considered the primary reason for severe dental distur-
bances, because it frequently includes high-dose chemother-
apy and total body irradiation [18].

The most common dental anomaly in the present study
was microdontia (33.7%). The prevalence of microdontia
ranges from 4% to 78% in CCS [4,8,15]. This variation is prob-
ably due to different ages at cancer diagnosis; younger 
patients were at a higher risk of microdontia. The prevalence
of microdontia in the present study clearly exceeded that in
Japanese children (1.9%), Iranian individuals aged below 20
years (2%), and Korean individuals (11.2%) [19-21]. The max-
illary premolar was most commonly affected by microdontia,
followed by the maxillary second molar. Of note, tooth age-
nesis and microdontia of the second premolars and second
molars occurred most frequently in children exposed before
3 years of age. The most common root malformation in the

present study was V-shaped roots (29.8%). Altered odonto-
blastic activity, a consequence of abnormal secretory function
of microtubules and complex changes in inter- and intracel-
lular relationships, can result in short, thin, and blunt roots.
Some chemotherapeutic agents such as vinblastine and vin-
cristine can affect mature secretory odontoblasts and amelo-
blasts.

This study has a number of strengths. It provided compre-
hensive clinical evaluations for the dental health status and
included a large number of CCS. The novel MDDI system we
developed was able to provide specific measurements for the
severity of damage to the permanent dentition. However, the
measurements of crown size based on clinical examination
were not considered as reliable. Dental plaster casts should
be used for accurate measurements. In addition, the hetero-
geneous nature of the clinical course of each case made it dif-
ficult to evaluate the differential dental effects according to
cancer treatment.

A multidisciplinary approach involving oncologists, pedi-
atric dentists, and other related health professionals is essen-
tial in caring for the child before, during and after any cancer
therapy. We recommend completion of a baseline dental
check as soon as the patient can cooperate in taking a pano-
ramic radiograph. The risk factors identified in this study can
help clinicians predict dental developmental disturbances.
For patients with a higher risk, it will be necessary to visit
the dental clinic at least every six months (or more often if
issues such as oral mucositis, xerostomia, or trismus are pres-
ent) [22]. Periodic surveillance facilitates detection of abnor-
mal tooth development, enabling pediatric dentists to inter-
vene earlier and promote a more aggressive treatment plan.
In cases of high dose HNRT to patients under 3 years, the use
of lead-lined stents, prostheses, and shields should be dis-
cussed with the radiation oncologist [22,23]. In addition, 
informed consent should include a discussion of the dental
developmental disturbances that can possibly occur as a 
result of the proposed cancer treatment. 

In conclusion, these results suggest that severe dental 
developmental disturbances were significantly associated
with a cancer diagnosis at  3 years of age, a history of HSCT,
the use of  4 classes of chemotherapeutic agents, and the use
of heavy metal agents. This study provides information that
can assist clinicians in early detection, prevention, and timely
intervention.
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MicroRNA-373 Inhibits Cell Proliferation and Invasion via Targeting
BRF2 in Human Non-small Cell Lung Cancer A549 Cell Line

Original Article

   Purpose
The purpose of this study was to investigate the biological role and mechanism of miR-373
targeting of TFIIB-related factor 2 (BRF2) in the regulation of non-small cell lung cancer
(NSCLC) cells.

Materials and Methods
miRNA microarray chip analysis of four paired NSCLC and adjacent non-tumor tissues was
performed. Quantitative real-time polymerase chain reaction (qRT-PCR) and western blotting
were used to detect the expression levels of miR-373 and BRF2 in NSCLC tissues and cell
lines. The dual-luciferase reporter method was performed to determine if BRF2 is a target
of miR-373. MTT, wound-healing, Transwell, and flow cytometric assays were conducted to
examine the proliferation, migration, invasion, and cell cycle progression of NSCLC A549
cells, respectively; western blotting was used to detect the expression of epithelial-mes-
enchymal transition (EMT)–related proteins.

Results
The miRNA microarray chip analysis demonstrated that miR-373 was down-regulated in
NSCLC tissues, and this result was confirmed by qRT-PCR. Additionally, miR-373 was con-
firmed to target BRF2. Moreover, miR-373 expression was inversely correlated with BRF2
expression in NSCLC tissues and cell lines; both miR-373 down-regulation and BRF2 
up-regulation were strongly associated with the clinicopathological features and prognosis
of NSCLC patients.    In vitro, overexpression of miR-373 markedly inhibited cell proliferation,
migration, and invasion; up-regulated the expression of E-cadherin; and down-regulated the
expression of N-cadherin and Snail in A549 cell. Knockdown BRF2 by siRNA resulted in 
effects similar to those caused by overexpression of miR-373. 

Conclusion
MiR-373 is decreased in NSCLC, and overexpression of miR-373 can suppress cell EMT,
and inhibit the proliferation, migration, and invasion of NSCLC A549 cells by targeting BRF2. 

Key words
miR-373, BRF2, Non-small cell lung carcinoma, Cell proliferation, 
Cell migration inhibition, Epithelial-mesenchymal transition 
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Introduction

Lung cancer is the most common solid tumor, and it is
well-known as a leading cause of cancer-related death world-
wide due to its high mortality rate [1,2]. Approximately 85%
of cancer patients have non-small cell lung cancer (NSCLC),
one of the most predominant pathological types of lung can-

cers, and the incidence rates increases year after year [3]. The
5-year overall survival (OS) rate of NSCLC patients remains
very poor mainly owing to its late diagnosis and the paucity
of effective treatments [1]. Hence, novel and effective bio-
markers are urgently needed for the diagnosis and therapy
of NSCLC.

MicroRNAs (miRNAs), a family of small noncoding
RNAs, are able to negatively regulate the expression of their
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target genes at the post-transcriptional level by binding to
the 3-untranslated regions (3-UTRs) of their target genes
[4,5]. Recently, numerous studies have shown that miRNAs
are deregulated in multiple types of cancers and acted as reg-
ulators of tumor cellular functions, including proliferation,
invasion, metastasis, differentiation, and apoptosis [6-8]. For
instance, miR-373, which has been shown to be aberrantly
expressed in a variety of human cancers, has also been found
to be negatively expressed in NSCLC and to play a role in its
occurrence, progression and metastasis of NSCLC [9,10].
However, the mechanism and function of miR-373 in NSCLC
are unclear. 

To the best of our knowledge, RNA polymerase (Pol) III is
the predominant RNA polymerase, and it is responsible for
the transcription of small (less than 300 nucleotides), untrans-
lated RNAs, including miRNAs [11]. Of note, TFIIB-related
factor2 (BRF2) located on chromosome 8p12, has been sug-
gested to be an RNA Pol III transcription factor, and it plays
a crucial role in Pol III recruitment and the accurate initiation
of transcription [12,13]. Previous studies have shown that
BRF2 is significantly overexpressed in various types of
human tumors, including esophageal squamous cell cancer
[14,15] and lung cancer tissues, and has been associated with
the NSCLC progression [16]. Further evidence has suggested
that overexpression of BRF2 may act as an oncogene in lung
squamous cell carcinoma by up-regulateing the expression
of RNA Pol III transcripts, resulting in tumorigenesis [17].

Considering the above observations, we hypothesized that
the expression of miR-373 may be influenced by the presence
of BRF2 in NSCLC. Thus, in the present study, we aimed to
explore the molecular mechanism by which miR-373 medi-
ates the growth and metastasis of NSCLC cells through its
targeting of BRF2.

Materials and Methods

1. Patients and tissue samples

Human primary cancer tissues and corresponding non-
tumor lung tissues were obtained from 92 patients who 
underwent lung resection at our hospital from November
2014 to November 2016 and who were diagnosed with
NSCLC based on histopathological evaluation (hematoxylin
and eosin staining). All cancer tissues were shown to contain
at least 50% malignant cells, and the non-tumor lung tissues
from carcinoma patients did not have any tumor cell infiltra-
tion. None of the patients received radiotherapy, chemother-
apy, or any other anticancer therapy before surgery. These
cohorts were composed of 45 patients who were under 65

years old and 47 cases patients who were over 65 years old
with an average age of 58.67±17.95 years; in total, there were
56 male and 36 female patients. There were 10 nonsmokers,
43 quitters, and 39 smokers in this study. According to the
TNM staging criteria issued by the American Joint Commit-
tee on Cancer and the World Health Organization method,
staging and differentiation were determined, respectively
[18]. There were 29 patients in stage I, 38 in stage II, and 25
in stage III; 37 patients presented with well-differentiated
carcinoma, 29 were moderately differentiated, and 26 were
poorly differentiated. The histological types in this study 
included 43 adenocarcinoma and 49 squamous cell carci-
noma patients. Of these 92 patients, 43 were central type, 39
were peripheral type and 10 were diffuse type. Forty-eight
patients did not have lymph node metastasis, and 44 patients
did; 30 patients did not have vascular invasion and 59 
patients did. Mutations in EGFR, KRAS, BRAF, HER2, AKT1,
PIK3CA, and ALK genes were detected in 38, 9, 3, 1, 1, 1, and
2 patients, respectively, of the 92 patients with NSCLC. All
collected tissue samples were rapidly snap-frozen in liquid
nitrogen and stored in liquid nitrogen at 80°C. Follow-up
information for all patients was collected through referral,
readmission records and regular telephone interviews, as
well as through other methods. The follow-up ended in 
August 2017.

2. miRNA microarray chip analysis

Four NSCLC specimens and corresponding non-tumor
lung tissues were randomly selected for miRNA microarray
chip analysis by using 3.0 miRNA microarrays (Affymetrix,
Santa Clara, CA). The RNA samples were labeled and 
hybridized according to an Agilent miRNA Complete 
Labelling and Hyb Kit (Agilent Technologies, Mississauga,
ON, Canada). Agilent Genespring GX software ver. 9.0.5
(Agilent Technologies) was used for further data analysis.
Genelists were generated using a fold change  2.0 and a 
p  0.05 [19].

3. Cell lines and cell culture

A normal human bronchial epithelial cell line (HBE) and
human NSCLC cell lines, namely, A549, H1299, H1975, SPC-
A-1, and PC-9 cells (purchased from American Type Culture
Collection), were cultured in RPMI -1640 (Gibco, Thermo
Fisher Scientific Inc., Waltham, MA) medium (10% fetal
bovine serum, 100 U/mL penicillin, and 100 µg/mL strepto-
mycin) at 37°C in 5% CO2. When the cells grew to 80% con-
fluence in culture flasks, they were detached with a solution
with 0.25% trypsin and 0.002% EDTA (Gibco, Thermo Fisher
Scientific Inc.) and collected for transfection and subsequent
experiments.
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4. Luciferase reporter assay

The amplified human 3-UTR segments of the BRF2 gene
(containing the predicted miR-373 binding site) were inserted
into pRL-TK vectors containing Renilla luciferase (Promega,
Madison, WI) to generate the wild plasmid (BRF2 wt) or 
mutant plasmid (BRF2 mut) construct. For luciferase assays,
A549 cells were seeded in 96-well plates and transfected with
pLuc-3'-UTR, 10 ng Renilla and the mimic/negative control
(NC) miRNA using Lipofectamine 2000 reagent (Invitrogen,
Carlsbad, CA), the cells were collected and analyzed by 
applying Dual-Luciferase Reporter Assay System (Promega)
after 48 hours. The luciferase activity values were normalized
relative to that of the Renilla luciferase internal control. Sin-
gle transfection or co-transfection of the reporter genes was
completed in the following combinations: miR-373 mimic
alone, BRF2-wt alone, NC+BRF2-wt, miR-373 mimic+BRF2-
mut, and NC+BRF2-mut. Successful transfection of all cell
treatment groups was confirmed prior to biological testing.
Each experiment was repeated three times in duplicate.

5. Cell transfection and grouping

Lipofectamine 2000 reagent (11668-027, Gibco, Invitrogen)
was used for transfection according to the manufacturer’s 
instructions. A549 cells (4104 cells/well) were seeded in a
96-well plate and divided into the following five groups: the
Mock group (without any transfections), NC group (trans-
fected with miR-373 NC sequence), miR-373 mimic group
(transfected with miR-373 mimics), miR-373 inhibitor group
(transfected with miR-373 inhibitor), and miR-373 inhibitor+
si-BRF2 group (co-transfected with miR-373 inhibitor and
small interfering RNA [siRNA] for BRF2). The culture solu-
tion was replaced with the conventional RPMI -1640 medium
1 hour prior to transfection. The oligonucleotide sequences
for the miR-373 mimics, inhibitor, and NC, as well as the
siRNA of BRF2, were purchased from Shanghai GenePharma

(Shanghai, China). Following transfection, the cells were fur-
ther incubated for subsequent analysis.

6. RNA extraction and polymerase chain reaction analyses

Total RNA was extracted by TRIzol reagent (Invitrogen)
according to the instructions of the manufacturers, and was
quantified by a NanoDrop 2000C instrument (Thermo Fisher
Scientific). The polymerase chain reaction (PCR) primers
used for amplification in this study in Table 1 were designed
according to the published GenBank database using Primer
Premier 5.0 (Premier Biosoft Inc., Paolo Alto, CA). The cDNA
was synthesized by Shanghai GenePharma. A SYBR Green I
PCR Core Reagent Kit (Applied Biosystems, Foster City, CA)
was used to detect miR-373 and BRF2 expression with an ABI
PRISM 7500 Real-time PCR system (Applied Biosystems) 
according to the manufacturer’s recommendations. The 2-Ct

method was performed by using U6 or glyceraldehyde 
3-phosphate dehydrogenase asthe internal reference and the
formula: CT=Ctexperimental group–Ctcontrol group. where, Ct=
Ctdetected gene–Ctinternal reference. Experiments were repeated at least
three times.

7. Western blot analysis

Total cellular protein was extracted and determined with
a bicinchoninic acid protein assay kit (Boster, Wuhan, China).
The extracted proteins were added to sample loading buffer,
boiled for 10 minutes at 95°C, detached by 10% sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (Boster),
and transferred to polyvinylidene fluoride membranes (Mil-
lipore, Bedford, MA) by semi-dry blotting; then, the mem-
branes were blocked with 5% bovine serum albumin for 
1 hour at room temperature and incubated overnight at 4ºC
with anti-BRF2 (ab194442), antiE-cadherin (ab76055),
antiN-cadherin (ab18203), anti-Snail (ab53519), or anti
-actin (ab8226). All antibodies were purchased from Abcam

Table 1. Primer sequences for real-time quantitative polymerase chain reaction 
Gene Primer sequences (5-3)
miR-373 Forward 5-GTAGCAGGATGGCCCTAGAC-3

Reverse 5-CGCCCTCTGAACCTTCTCTT-3
U6 Forward 5-CTCGCTTCGGCAGCACA-3

Reverse 5-AACGCTTCACGAATTTGCGT-3
BRF2 Forward 5-GTGAAGCTCCTGGGACTGGAT-3

Reverse 5-GTATTTGGCTGGCACAGAAGG-3
GAPDH Forward 5-AGGTCGGTGTGAACGGATTTG-3

Reverse 5-TGTAGACCATGTAGTTGAGGTCA-3
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(Chicago, IL). Membranes were incubated at room tempera-
ture for 1 hour with horseradish peroxidaseconjugated goat
antirabbit IgG (1:2,000) after being washed 3 times with Tris-
buffered saline containing Tween-20 (TBST). Protein bands
were detected using the Chemi-Lumi One L western blotting
substrate (Nacalai Tesque, Kyoto, Japan). The relative protein
levels were normalized to the concentration of -actin and
all experiments were run 3 times.

8. MTT assay for cell proliferation

A549 cells were grown in complete medium in 96-well
plates at 5103 cells/well, and after transfection, were cul-
tured for 24, 48, or 72 hours at 37ºC in 5% CO2 after transfec-
tion. A volume of 20 µL of MTT (Promega) was added to
each well. The results were measured as the optical density
value at 490 nm after 4 hours using a multifunction enzyme-
linked analyzer (SpectraMax M5, Molecular Devices, Sunny-
vale, CA). All experiments were confirmed with at least three
independent experiments.

9. Wound-healing assay

A549 cells were seeded in 6-well plates and incubated at
37ºC for 24 hours. Before transfection, linear wounds were
generated gently by dragging a pipette tip through the
monolayer; then, the cells were washed three times with
phosphate-buffered saline (PBS) and incubated in serum-free
medium. The healing process was subsequently pho-
tographed at 0 and 24 hours with a microscope (Olympus
600 autobiochemical analyzer, Tokyo, Japan). Migration dis-
tance was measured in the photographed images (6 fields)
using counting software. The experiment was repeated at
least 3 times.

10. Transwell invasion assay

Polycarbonate membrane culture inserts with an eight-
micrometer-pore size polycarbonate membrane culture 
inserts (Trans-well, Costar, High Wycombe, UK) were placed
into the wells of 24-well culture plates, separating the upper
and lower chambers. Five hundred microliters of RPMI 1640
medium containing 10% fetal bovine serum was added to the
lower chamber, and serum-free medium containing 5104

A549 cells was added to the upper chamber. After incubation
at 37°C with 5% CO2 for 24 hours, the number of invading
cells was quantified by counting six independent visual
fields under the microscope (Olympus 600 autobiochemical
analyzer), and cell morphology was observed by staining
with 0.1% crystal violet for 10 minutes. Each experiment was
performed at least three times. 

11. Cell cycle analysis

Propidium iodide (PI) staining flow cytometry was used
to assess cell cycle distribution. Briefly, transfected A549 cells
were released by trypsinization, collected, washed with cold
PBS, and then fixed in 70% ethanol at 4°C overnight. Then,
the fixed cells were suspended in 250 µL of RNase A buffer
(100 ng/mL), and labeled with a 2 solution of PI (100
ng/mL) for 30 minutes at 4°C. Finally, the stained cells were
analyzed by a flow cytometer (FC500 Flow Cytometer, Beck-
man Coulter, Fullerton, CA).

12. Statistical analysis

SPSS ver. 18.0 software (SPSS Inc., Chicago, IL) was used
for all statistical analyses. The results were presented as the
means±standard deviation from at least three independently
experiments. Student’s t test (two-tailed) was used for com-
paring two groups, and one-way analysis of variance
(ANOVA), followed by Bonferroni post test was evaluated
with the comparing more than two groups. Survival analysis
was performed by Kaplan-Meier method. A p < 0.05 was
considered to indicate a statistically significant difference.

13. Ethical statement

This study protocol received approval from the Human
Ethics Committee of the First Affiliated Hospital of Harbin
Medical University, and all participants signed the consent
forms before participating in this research.

Results

1. miRNA microarray chip analysis and luciferase assay

Among 47 identified candidate miRNAs, the miRNA 
microarray chip analysis showed that the levels expression
of miR-373, miR-216a, and miR-375 were significantly down-
regulated in NSCLC tissues (Fig. 1A). Of these miRNAs,
miR-373 was selected as a potential regulator of BRF2 on the
basis of the prediction by the online bioinformatics analysis
software microRNA.org (http://www.microrna.org/microrna
/home.do) (Fig. 1B). Moreover, the results of the luciferase
assay demonstrated that miR-373 substantially decreased 
luciferase activity when the reporter plasmid carried the
wild-type BRF2 3-UTR (p < 0.001); conversely, no significant
change in luciferase activity was found when the mutant
BRF2 3-UTR (Fig. 1C) was used, further supporting miR-373
targeting of BRF2.
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2. Expression of miR-373 and BRF2 in NSCLC tissues and
adjacent tissues

As illustrated in Fig. 2, miR-373 expression level was sig-
nificantly decreased in all 92 NSCLC tissues when compared
with the level in corresponding adjacent tissues (p < 0.001).
In contrast to miR-373 expression, the mRNA and protein 
expression levels of BRF2 were markedly higher in NSCLC
tissues compared to those in normal tissues (all p < 0.001). 

3. Correlation of miR-373 and BRF2 expression levels with
clinicopathological factors and prognosis

To evaluate the association of miR-373 and BRF2 expres-
sion levels with clinicopathological factors in NSCLC 
(excluding their association with BRAF, HER2, AKT1, ALK,
and PIK3CA mutations since a several patients in the study
were known carriers of these alterations), the patients were
divided into high- and low-expression groups according to
the median relative expression levels of miR-373 (median,
0.235) and BRF2 (median, 5.730). As revealed in Table 2, the
expression of miR-373 had a close relationship with the 
degree of differentiation, histology type, lymph node metas-

Fig. 1. miRNA microarray chip analysis and luciferase assay. (A) miRNA microarray chip analysis was performed to identify
miRNAs in tumor tissues of five non-small cell lung cancer patients and their corresponding non-tumor lung tissues. (B)
The predicted miR-373 binding site on the BRF2 3-untranslated region (3-UTR) and the corresponding mutant binding site
are shown. (C) Relative activities of luciferase reporters encoding the BRF2 3-UTR variants co-transfected either the with
miR-373 mimic or negative control (NC) oligonucleotides in NSCLC A549 cells. ****p < 0.001 compared with the other three
groups.
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tasis, clinical stage, vascular invasion, and KRAS mutation in
NSCLC (all p < 0.05), but was not related to sex, age, smoking
history, or EGFR mutation (all p > 0.05). Partially consistent
with miR-373, BRF2 expression was also highly related to dif-
ferentiation degree, lymph node metastasis, clinical stage,
and vascular invasion (all p < 0.05), but no correlation with
sex, age, smoking history, histology type, KRAS mutation, or
EGFR mutation was observed (all p > 0.05). Additionally, as
shown in Fig. 3, the Kaplan-Meier analysis showed that the
expression levels of miR-373 and BRF2 were related to prog-
nosis of patients with NSCLC (both p < 0.001). 

4. Expression of miR-373 and BRF2 in NSCLC cells

The expression levels of miR-373 and BRF2 were also 
examined in five NSCLC cell lines (A549, H1299, H1975,
SPC-A-1, and PC-9) using the HBE cell line as a control, and
the results showed that miR-373 was down-regulated in

NSCLC cell lines compared to its expression in the normal
HBE cell line (all p < 0.001). Of note, among these five
NSCLC cell lines, miR-373 was decreased the most in A549
cells among these five NSCLC cell lines, which were selected
for subsequent experiments (Fig. 4A). Furthermore, the 
expression levels of miR-373 and BRF2 in each transfected
group were analyzed by quantitative real-time polymerase
chain reaction and western blotting, and the results demon-
strated that there was no significant difference between the
Mock and NC group with regard to the expression of miR-
373 and BRF2. The expression of miR-373 was significantly
increased in the miR-373 mimic group, but was decreased in
the miR-373 inhibitor and miR-373 inhibitor+si-BRF2 groups
(all p < 0.05); however, the mRNA and protein levels expres-
sion of BRF2 were found to be substantially down-regulated
in the miR-373 mimic group and highly overexpressed in the
miR-373 inhibitor group compared with its expression in the
Mock and NC groups (Fig. 4B). Meanwhile, the mRNA and

Fig. 2. The expression levels of miR-373 and BRF2 in non-small cell lung cancer (NSCLC) tissues and adjacent normal tissues.
(A, B) Quantitative real-time polymerase chain reaction was used to detect the relative expression levels of miR-373 (A) and
BRF2 (B) in 92 paired NSCLC tissues and adjacent non-tumor tissues. (C, D) Western blotting was performed to measure
the relative protein expression level of BRF2 in 92 paired NSCLC tissues and adjacent non-tumor tissues. *p < 0.05 compared
with adjacent tissues.
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protein expression levels of BRF2 in the miR-373 inhibitor+
si-BRF2 group were significantly decreased when compared
to that those of the miR-373 inhibitor group (all p < 0.05) 
(Fig. 4B-D). 

5. miR-373 repressed the proliferation of NSCLC A549 cells 

The result from the MTT assay demonstrated that com-
pared with that of the Mock or NC groups, the proliferation
of A549 cells in the miR-373 mimic group was clearly 
decreased and was greatly increased in the miR-373 inhibitor
group (both p < 0.05). Furthermore, proliferation was 

Clinicopathological 
miR-373 BRF2

factor
No. Low High p-value Low High p-value

expression expression expression expression
Sex

Male 56 30 26 27 29
Female 36 16 20 0.393 19 17 0.669

Age (yr)
 65 47 20 27 27 20
< 65 45 26 19 0.144 19 26 0.144

Smoking history
Nonsmoker 10 2 8 6 4
Quitters 43 20 23 24 19
Smoker 39 24 15 0.053 16 23 0.327

Differentiation
Well-differentiated 37 8 29 27 10
Moderate-differentiated 29 18 11 12 17
Poorly-differentiated 26 20 6 < 0.001 7 19 0.001

Histological tumor type
Adenocarcinoma 43 14 29 25 18
Squamous cell carcinoma 49 32 17 0.002 21 28 0.144

Tumor position
Central 43 18 25 27 16
Peripheral 39 21 18 16 23
Diffuse 10 7 3 0.227 3 7 0.059

Lymph node metastasis
With 44 29 15 16 28
Without 48 17 31 0.004 30 18 0.012

Clinical stage
I  29 9 20 20 9
II 38 19 19 16 22
III 25 18 7 0.011 10 15 0.047

Vascular invasion
With 59 36 23 22 11
Without 33 10 23 0.005 24 35 0.017

EGFR mutation
Yes 38 21 17 15 23
No 54 25 29 0.397 31 23 0.138

KRAS mutation
Yes 9 8 1 2 7
No 83 38 45 0.030 44 39 0.158

Table 2. Correlation of miR-373 and BRF2 expression and clinical pathological characteristics of NSCLC patients

NSCLC, non-small cell lung cancer.
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remarkably decreased after co-transfection with both the
miR-373 inhibitor and si-BRF2 compared to that of the miR-
373 inhibitor group (p < 0.05) (Fig. 5A). These results indi-
cated that miR-373 could inhibit the proliferation of A549
cells. In addition, cell cycle analysis by flow cytometry 
revealed that there were no significant differences in cell
cycle progression among the transfected groups (all p > 0.05)
(Fig. 5B). 

6. MiR-373 inhibited cell migration and invasion in NSCLC
A549 cells

The results in Fig. 6A and B show a substantial reduction
in cell migration and invasion in NSCLC A549 cells trans-
fected with the miR-373 mimic, while cell migration and 
invasion ability were enhanced after transfection with the
miR-373 inhibitor (all p < 0.05). Moreover, cell migratory and
invasive abilities in the miR-373 inhibitor+si-BRF2 group
were significantly lower than in the miR-373 inhibitor group
(p < 0.005).  

7. Effect of miR-373 targeting of BRF2 on the epithelial-
mesenchymal transition in A549 NSCLC cells

As revealed in Fig. 7, western blot results showed that
there were no significantly difference in the protein expres-
sion levels of E-cadherin, N-cadherin, and Snail between
Mock and NC group (all p > 0.05). When compared to their
expression levels in the Mock and NC group, the miR-373

mimic substantially decreased  N-cadherin and Snail expres-
sion levels and increased E-cadherin expression (all p < 0.05);
conversely, the miR-373 inhibitor group demonstrated 
up-regulation of the expression of N-cadherin and Snail and
a reduction in E-cadherin expression (all p < 0.05). Moreover,
compared with miR-373 inhibitor group, the expression level
of E-cadherin was significantly increased but N-cadherin and
Snail expression levels were decreased in the miR-373 
inhibitor+si-BRF2 group (p < 0.001), which indicated that
miR-373 suppresses epithelial-mesenchymal transition
(EMT) in A549 cells. 

Discussion

Recently, increasing studies have suggested that miRNAs
are promising biomarkers for tumor monitoring since their
aberrant expression has been observed to lead to a variety of
diseases [7,20]. miR-373, located at chromosome 19q13.42
and the mature product of pri-miRNAs-371-373, has been
shown to play a crucial role in tumorigenesis and metastasis
[21]. In our experiments, miR-373 was observed to be
strongly decreased in NSCLC tissue and cells. Consistent
with our study, miR-373 has been demonstrated to be signif-
icantly down-regulated in human epithelial ovarian cancer
[22] and was reduced by aberrant methylation in colon can-
cer, where it may exert oncogenic functions by regulating the

Fig. 3.  The Kaplan-Meier curves of the relative expression levels of miR-373 (A) and BRF2 (B) in patients with non-small cell
lung cancer.
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expression of the oncogene RAB22A [23]. Moreover, miR-373
has a close relationship with lymph node metastasis, clinical
stage and vascular invasion, indicating that miR-373 might
function as a suppressor gene in the occurrence and devel-
opment of tumors, including NSCLC. Notably, miR-373
plays a crucial role in regulating several RAS-pathway genes,
such as RAB22A and RASSF1A, which are among the best
characterized known cancer-related genes. Chen et al. [24]
showed that miR-373 increased RASSF1A expression in hilar
cholangiocarcinoma. Moreover, Voorhoeve et al. [25] also 

reported that miR-373 cooperates with oncogenic RAS, thus
suppressing the growth and cellular transformation of tes-
ticular germ cell tumors. In addition, the mutation status of
the KRAS gene, a member of the Ras gene family, has been
reported that to be a prognostic or predictive marker in 
patients with NSCLC [26]. Importantly, our study further
showed that patients with low expression of miR-373 had
more frequent KRAS mutations than patients with high miR-
373 expression. In addition, miR-373 was decreased the most
in A549 cells that harbored with a mutated KRAS gene, con-

Fig. 4. The expression levels of miR-373 and BRF2 in different non-small cell lung cancer (NSCLC) cell lines and in a normal
lung bronchus epithelial cell line. (A) Quantitative real-time polymerase chain reaction (qRT-PCR) was used to detect the
relative expression of miR-373 in NSCLC cell lines and in normal lung bronchus epithelial cell line. ****p < 0.001 compared
with cells from the human bronchial epithelial cell line; †††p < 0.005, compared with A549 cells. (B) qRT-PCR was used to
detect the relative expression levels of miR-373 and BRF2 in each transfected group. ****p < 0.001, ***p < 0.005, **p < 0.01
compared with the Mock and negative control (NC) groups; ††††p < 0.001, ††p < 0.01 compared with the miR-373 mimic group;
‡‡‡‡p < 0.001 compared with the miR-373 inhibitor group. (C, D) Western blotting was performed to measure the relative pro-
tein expression of BRF2 in each transfected group. **p < 0.01, *p < 0.05 compared with the Mock and NC groups; 
††††p < 0.001, †p < 0.05 compared with the miR-373 mimic group; ‡‡p < 0.01 compared with the miR-373 inhibitor group. Each
sample was analyzed in triplicate. 
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firming our clinical results and supporting the importance of
miR-373 in KRAS-activated NSCLC; thus, the A549 cell was
selected for subsequent experiments. Furthermore, we 
observed in our results that the expression of miR-373 was
related to the prognosis of patients with NSCLC, which is
consistent with the findings presented in previous studies.
For instance, Jing et al. [27] discovered that the low expres-
sion of miR-373 indicated a poorer prognosis in patients with
glioma and breast cancer [28], suggesting that miR-373 may
be a potential predictive factor for survival in NSCLC. 

To the best of our knowledge, BRF2, encoded by a gene 
located on chromosome 8p12, is a component of TFIIIB 
required for gene external RNA Pol III transcription, which
is responsible for miRNA production and contributes to the
regulation of the biosynthetic capacity of a cell [12]. Deregu-
lation of RNA Pol III transcription could result in the aber-
rant production of key RNAs and consequently lead to
uncontrollable cell growth uncontrollably, which is directly
related to cancer cell proliferation [15]. Recently, BRF2 has
been shown to be substantially overexpressed and play the
an oncogenic role in a variety of cancer, including breast and
melanoma cancers, as well as NSCLC, since the overexpres-
sion of BRF2 can drive the aberrant expression of RNA Pol
III transcripts [17,29]. Coincidentally, in our study, BRF2 was

significantly increased in NSCLC tissues and cell lines and
was strongly associated with NSCLC clinicopathological fea-
tures, which was in agreement with a previous study
showed that BRF2 overexpression markedly predicted 
decreased 5-year OS and a higher risk of recurrence of
NSCLC due to its the promotion of tumor angiogenesis.

As evidenced in the literature, miRNAs have been 
reported to exert function by binding to the mRNA 3-UTR
of a target gene to block its expression and thus participating
in the regulation of various cellular processes, such as cell
proliferation, migration, and invasion [8]. In this study, miR-
373 was identified to directly target BRF2, resulting in the 
enhanced migration and invasion of NSCLC A549 cells and
indicating that both miR-373 and its target gene BRF2 affects
the metastasis of NSCLC. Accumulating studies have
demonstrated that EMT is crucial for the migration and 
invasion of tumors [30], and is characterized by reduced 
expression of the epithelial marker E-cadherin and increased
expression of the mesenchymal marker N-cadherin [31]. Seol
et al. [9] revealed that transfection with miR-373 attenuated
EMT by decreasing N-cadherin expression and up-regulat-
ing E-cadherin expression in NSCLC by targeting the down-
stream IRAK2 and LAMP1 genes. Of note, the transcription
factor Snail is widely accepted as a prominent inducer of

Fig. 5.  Effects of miR-373 targeting of BRF2 on the proliferation and cell cycle progression of non-small cell lung cancer
(NSCLC) A549 cells as determined using MTT and flow cytometric assays, respectively. (A) MTT assay was performed to
examine NSCLC A549 cell proliferation at 24, 48, and 72 hours after transfection. (B) Flow cytometry assay analysis of cell
cycle progression. Each sample was analyzed in triplicate. OD, optical density; NC, negative control.
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EMT by enhancing the invasion capacity of cells and greatly
repressing the expression level of the E-cadherin protein,
which was thought to be a metastatic suppressor associated
with the malignant characteristics of tumor progression [32].
Here, in our study, transfection with the miR-373 mimics in
NSCLC A549 cells was able to induce E-cadherin expression
and reduce Snail and N-cadherin expression levels, while the

miR-373 inhibitor attenuated E-cadherin expression and 
increased Snail and N-cadherin expression levels; moreover,
the reduction in BRF2 expression inhibited migration and 
invasion and inhibited EMT of NSCLC A549 cells [33], which
provide the evidence that by targeting BRF2, miR-373 may
contribute to reducing cell EMT possibly through the up-reg-
ulation of Snail, resulting in the aberrant expression of E-cad-

Fig. 7. Effects of miR-373 targeting of BRF2 on the relative p rotein expression levels of N-cadherin (A, B), E-cadherin (A, C),
and Snail (A, D) in non-small cell lung cancer A549 cells as determined by western blotting. ****p < 0.001 compared with the
Mock and negative control (NC) groups; ††††p < 0.001 compared with the miR-373 mimic group; ‡‡‡‡p < 0.001 compared with
the miR-373 inhibitor group. Each sample was analyzed in triplicate.
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herin and N-cadherin.  
However, the potential effects of miR-373 in vivo are 

unknown, and thus, animal models for investigating the
roles of miR-373 in NSCLC development and the correlations
between EMT marker molecules and BRF2-related signaling
that are considered well-established will be helpful in eval-
uating the role of miR-373 in tumorigenesis in future stud-
ies.

Taken together, our data support the assumption that miR-
373 may function as a tumor suppressor in NSCLC by atten-
uating the expression of BRF2 to inhibit EMT and the
proliferation, migration and invasion of NSCLC cells; these
findings may better our understanding of the molecular

mechanisms of NSCLC and provide new targets for NSCLC
therapy.
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Purpose
Screening for lung cancer in high-risk patients using the National Lung Screening Trial (NLST)
criteria resulted in a decreased lung cancer-related mortality rate. However, whether these
criteria are applicable to the Korean has not been investigated thus far. Therefore, we esti-
mated the utility of the NLST criteria as a screening tool for lung cancer in the Korean pop-
ulation. 

Materials and Methods
The total number of newly diagnosed lung cancer cases in 2013 was obtained from the
Korea National Statistical Office. The proportion of newly diagnosed lung cancer cases that
met the NLST criteria was calculated via a retrospective cohort of a tertiary referral hospital.
We estimated the nationwide proportion of patients who met the NLST criteria using the 5th
Korea National Health and Nutrition Examination Survey conducted during 2010-2012 
(KNHANES V). 

Results
Using KNHANES V data, we found that approximately 6.92% of the general population of
Korea would meet the NLST criteria. In the tertiary referral hospital, 29.6% of the 2,689
newly diagnosed lung cancer patients met the NLST criteria. In 2013, the total number of
newly diagnosed lung cancer cases in Korea was 23,177. The estimated nationwide pro-
portions of lung cancer patients who met and did not meet the NLST criteria were 0.37%
and 0.06%, respectively, yielding a ratio of 5.78. 

Conclusion
The NLST criteria demonstrated sound clinical utility for lung cancer screening of high-risk
patients in Korea.
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Lung neoplasms, Screening, Korea
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Introduction

According to the Global Burden of Cancer Study 2012,
lung cancer is a common cancer (1.8 million cases) and the
number one cause of cancer-related deaths, and accounts for
1.6 million cases worldwide owing to a high case fatality rate
(0.87; overall ratio of mortality to incidence) [1,2]. Further-
more, the 5-year survival rate for lung cancer does not vary
drastically across stages and has remained consistently low

over the past several decades, because the majority of 
patients are diagnosed at an advanced stage [3]. Therefore,
early detection of lung cancer is important to improve sur-
vival rates. For the purpose of early detection of lung cancer,
large-scale clinical trials of lung cancer screening methods,
such as chest radiography (CXR) and sputum cytology, have
been conducted. However, these trials did not demonstrate
the reduction of lung cancer mortality rate [4]. Before the 
National Lung Screening Trial (NLST), lung cancer screening
was not recommended [5]. In 2011, the NLST showed a 20%
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reduction in lung cancer mortality rates and a 6.7% decrease
in all-cause mortality rates [6]. This positive result of NLST
could be explained by the following two reasons. First, they
used low-dose chest computed tomography (LDCT) which
is higher sensitivity than CXR as screening tools. Performing
additional diagnostic procedures resulted in a higher detec-
tion rate of early-stage lung cancers in the LDCT group than
in the CXR group; thus, a lower mortality rate was observed
in the LDCT group [7]. Second, the NLST selected partici-
pants with high risk based on age and cumulative tobacco
smoke exposure. Thus far, the NLST has influenced many
guidelines for lung cancer screening, including those drafted
by the National Comprehensive Cancer Network, American
Association for Thoracic Surgery, American Colleges of
Chest Physicians, American Society of Clinical Oncology,
and U.S. Preventive Services Task Force [8-11]. Most current
screening guidelines have been adopted from the NLST cri-
teria itself.

In Korea, the National Cancer Information Center has been
recommending lung cancer screening for people who meet
the NLST criteria since 2015 [12] and based on this recom-
mendation the Ministry of Health and Welfare established a
nationwide lung cancer screening pilot study in 2017 [13].
However, the validity of the NLST criteria has not been eval-
uated in the Korean population thus far. Therefore, the aim
of the present study was to investigate the utility of the NLST
criteria for lung cancer screening in the Korean population.

Materials and Methods

1. Study design and participants

To estimate the proportion of individuals among the 
Korean population who met the NLST criteria, we used two
data sets from the 5th Korea National Health and Nutrition
Examination Survey (KNHANES V) database. The KNHA-
NES V was conducted over 2010-2012 by the Korean Centers
for Disease Control and Prevention. It is considered to be
representative of the health status in Korea. These data con-
sist of responses from the Nutrition Survey, Health Exami-
nation Survey, and Health Interview Survey, and contain
smoking history including current smoking status and the
pack-year history of smoking. However, the KNHANES V
does not provide valid information regarding when an 
ex-smoker quit smoking. Consequently, if an ex-smoker sat-
isfied the age and smoking pack-year criteria, they were con-
sidered to have met the NLST criteria. 

We also analyzed the medical records of enrolled patients
who were diagnosed with lung cancer in the Seoul National
University Hospital (SNUH) from 1 June 2012 to 31 Decem-
ber 2015. These patients were divided into two groups: an
NLST-positive group, defined as patients who satisfied all
the NLST eligibility criteria (age 55-74 years, a smoking his-
tory of at least 30 pack-years, and currently smoking or quit

Fig. 1. (A) Flow diagram of study population (fifth Korea National Health and Nutrition Examination Survey [KNHANES
V]). (B) Flow diagram of study population (Seoul National University Hospital [SNUH]). NLST, National Lung Screening
Trial.

A

Age < 40 (n=11,873)

Unknown smoking history
(n=1,186)

KNHANES V
(n=25,534)

Age ! 40
(n=13,661)

Study population
(n=12,475)

NLST+
(6.92%)

NLST–
(93.1%)

B

Age < 40 (n=36)

SNUH lung cancer registry
(n=2,725)

Study population
(n=2,689)

NLST+
(29.6%)

NLST–
(70.4%)
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smoking within the past 15 years) [6], and an NLST-negative
group, defined as patients who did not meet any of the cri-
teria. Lung cancer stage was evaluated according to the 7th
edition of the TNM classification [14]. 

Weighted analysis was used to analyze the KNHANES V
data. All statistical analyses were performed using STATA
ver. 13 (STATA Corp., College Station, TX). The level of sta-
tistical significance was set at p=0.05. 

2. Ethical statement

The study was approved by the Institutional Review Board
of SNUH (IRB No. 1612-026-812) and performed in accor-
dance with the principles of the Declaration of Helsinki. The
informed consent was waived.

Results

Of the people included in the KNHANES V database, the
data for 12,475 persons were included in the final analysis
after excluding persons whose smoking histories were not
investigated and those aged below 40 years (Fig. 1A). The
mean age of the population was 55.8 years, and 6.9% satisfied
the NLST criteria. Furthermore, the proportion of ever smok-
ers and the mean smoking pack-year index was 43.9% and
23.8, respectively (Table 1).

At SNUH, we collected data for 2,725 patients and exclu-
ded 36 patients aged under 40 years (Fig. 1B). The mean age
of this population was 66.8 years, and 29.6% of patients with
lung cancer met the NLST criteria. The proportion of ever
smokers (65.5%) was higher in the SNUH cohort than in the
KNHANES V cohort (Table 1). The median follow-up period
of the SNUH lung cancer patients was 1.49 years.

According to the Korea National Statistical Office, 23,177
people were diagnosed with lung cancer in 2013 [15,16].
Using SNUH lung cancer cohort data, we estimated that
6,860 (29.6%) and 16,317 (70.4%) lung cancer patients met

Table 1. Baseline characteristics of the KNHANES V and
SNUH cohort 

(Continued)

Characteristic Value
KNHANES V (n=12,475)

Age (yr) 55.8±0.18a)

Male sex (%) 47.9
BMI (kg/m2) 24.1±0.04
Smoking 

Ever (%) 43.9
PY 23.8±0.67

NLST positive (%) 6.9
SNUH cohort (n=2,689)

Age 66.8±9.71
Male sex 1,805 (67.1)
BMI 23.4±3.16
Smoking 

Ever 1,760 (65.5)
PY 39.7±22.7

Symptom
Screening 1,256 (47.0)
Symptoms 1,424 (53.0)

ECOG score
0 1,111 (41.3)
1 1,223 (45.5)
2 267 (9.93)
3 78 (2.90)
4 10 (0.37)

Histology 
ADC 1,524 (56.7)
SqCC 642 (23.9)
SCLC 271 (10.1)
Others 252 (9.37)

Stage (NSCLC)
1 729/2,415 (27.1)
2 271/2,415 (10.1)
3 551/2,415 (20.5)
4 864/2,415 (32.1)

Lung function (n=2,365)
FEV1 (%) 96.8±22.7
FVC (%) 95.9±17.5
DLCO (%) 91.0±21.5

Table 1. Continued

Values are presented as mean±standard error or number
(%) unless otherwise indicated. KNHANES V, fifth Korea
National Health and Nutrition Examination Survey;
SNUH, Seoul National University Hospital; BMI, body
mass index; PY, pack years; NLST, National Lung Screen-
ing Trial; ECOG, Eastern Cooperative Oncology Group;
ADC, adenocarcinoma; SqCC, squamous cell carcinoma;
SCLC, small cell lung cancer; NSCLC, non-small-cell lung
carcinoma; FEV1, forced expiratory volume in 1 second;
FVC, forced vital capacity; DLCO, diffusing capacity;
EGFR, epidermal growth factor receptor; ALK, anaplastic
lymphoma kinase.

Characteristic Value
EGFR mutations 654/1,684 (38.8)
ALK translocations 82/1,688 (4.86)
NLST positive 797 (29.6)
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and did not meet the NLST criteria, respectively. Using the
KNHANES data we found that, of the Korean patients aged
over 40 years, 1,893,065 (6.9%) satisfied the NLST criteria and
25,463,377 (93.1%) did not satisfy the NLST criteria. There-
fore, among the patients who met the NLST criteria, about
0.37% (6,860/1,893,065) were estimated to have lung cancer,
and conversely, about 0.064% (16,317/25,463,377) of people
who did not satisfy the NLST criteria were expected to deve-
lop lung cancer. Importantly, the incidence of lung cancer
was 5.58 times higher in the NLST-positive group (Fig. 2). 

Discussion

The findings of our study showed that the incidence of
lung cancer in Korea is 5.58 times higher among those who
satisfy the NLST criteria than among those who do not. Thus
far, no previous study has evaluated the utility of NLST cri-
teria in the Korean population as a screening tool for high-
risk patients. 

Nonetheless, the application of the NLST criteria to the 
Korean population involves a few obstacles. Korea is a coun-

try with an intermediate tuberculosis incidence rate (80 cases
per 1000,000 persons) [17]. In other words, the false-positive
rate achieved via LDCT may be higher than that in countries
enrolled in the NLST study. A high false positive rate was
determined to be associated with cost effectiveness, health-
related quality of life, or anxiety and other adverse events 
associated with invasive interventions such as biopsy. There-
fore, a variety of approaches to reduce false-positive rate
have been developed by increasing the threshold for pul-
monary nodules, such as lung CT Screening Reporting and
Data System [18]. 

Recently, ten Haaf et al. [19] demonstrated that both the
sensitivities and specificities of the 6-year lung cancer inci-
dence determined using the NLST criteria were lower than
that reported using other screening criteria (e.g., Liverpool
Lung Project or Bach model) in the Prostate, Lung, Colorectal
and Ovarian Cancer Screening Trial CXR arm. Therefore,
lung cancer screening in high-risk patients identified using
NLST criteria will be helpful to develop a prediction model
suitable for the Korean population.

Using KNHANES V data, we estimated that approxi-
mately 6.9% of the population in Korea would meet the
NLST criteria. Previous studies have reported similar results:
6.2% of United States are covered among over 40 years pop-

Fig. 2. Estimation of lung cancer incidence in Koreans  40 years using National Lung Screening Trial (NLST) criteria. SNUH,
Seoul National University Hospital; KNHANES V, fifth Korea National Health and Nutrition Examination Survey. 

Estimated lung cancer patients
who met NLST criteria (n=6,860)

Estimated by SNUH lung cancer cohort

Lung cancer
incidence rate

Estimated lung cancer patients
who didn’t meet NLST criteria (n=16,317)

2013, Korean lung cancer
(n=23,177)

29.6% 70.4%

Estimated NLST(+) population
(n=1,893,065)

Estimated by KNHANES V

Estimated NLST(–) population
(n=25,463,377)

2013, Korean ! 40 yr
(n=27,356,442)

6.9% 93.1%

37/10,000 6.4/10,000
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ulation according to Surveillance, Epidemiology and End 
Result in the United States [20]. In addition, in this study,
29.6% of patients who were diagnosed with lung cancer met
the NLST criteria. This result is also consistent with those of
previous studies conducted in the United States and Asian
population. Pinsky and Berg [20] reported that 26.7% of lung
cancer patients in the United States met the strict NLST eli-
gibility criteria using statistical models based on data derived
from SEER. A total of 27.8% of lung cancer patients was cov-
ered in Asian population-based study [12]. 

There are several limitations in this study. First, the smok-
ing history data in the KNHANES V was self-reported; there-
fore, it could have been underreported. Second, accurate 
estimation of lung cancer using the NLST criteria involves
inevitable errors because the KNHANES V did not evaluate
the participant’s history when they quit smoking. However,
since the NLST-positive group identified using KNHANES
V data contains not only the original NLST eligible popula-
tion but also a larger proportion of people classified as NLST
positive, the cancer incidence ratio would probably be higher
than that estimated. Third, our results cannot be generalized

to all Korean lung cancer patients because it used data 
obtained from a single tertiary hospital; moreover, the study
was retrospective in nature. Nevertheless, the SNUH data
cannot be regarded as unreliable because the NLST eligible
population was similar to that described in previous studies
conducted in other countries.

The benefits of lung cancer screening using LDCT might
be more pronounced in Korean patients identified as being
at high risk per the NLST criteria. 
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Comparison of Clinical Features and Outcomes 
in Epithelial Ovarian Cancer according to Tumorigenicity 
in Patient-Derived Xenograft Models

Original Article

Purpose
Although the use of xenograft models is increasing, few studies have compared the clinical
features or outcomes of epithelial ovarian cancer (EOC) patients according to the tumori-
genicity of engrafted specimens. The purpose of this study was to evaluate whether tumori-
genicity was associated with the clinical features and outcomes of EOC patients. 

Materials and Methods
Eighty-eight EOC patients who underwent primary or interval debulking surgery from June
2014 to December 2015 were included. Fresh tumor specimens were implanted subcuta-
neously on each flank of immunodeficient mice. Patient characteristics, progression-free sur-
vival (PFS), and germline mutation spectra were compared according to tumorigenicity.

Results
Xenografts were established successfully from 49 of 88 specimens. Tumorigenicity was 
associated with lymphovascular invasion and there was a propensity to engraft successfully
with high-grade tumors. Tumors from patients who underwent non-optimal (residual disease
 1 cm) primary or interval debulking surgery had a significantly greater propensity to achieve
tumorigenicity than those who received optimal surgery. In addition, patients whose tumors
became engrafted seemed to have a shorter PFS and more frequent germline mutations
than patients whose tumors failed to engraft. Tumorigenicity was a significant factor for pre-
dicting PFS with advanced International Federation of Gynecology and Obstetrics stage and
high-grade cancers.

Conclusion
Tumorigenicity in a xenograft model was a strong prognostic factor and was associated with
more aggressive tumors in EOC patients. Xenograft models can be useful as a preclinical
tool to predict prognosis and could be applied to further pharmacologic and genomic studies
on personalized treatments.
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Patient-derived xenograft 

Kyung Jin Eoh, MD, PhD1

Young Shin Chung, MD1

So Hyun Lee, MS1

Sun-Ae Park, MS1

Hee Jung Kim, PhD1

Wookyeom Yang, PhD2

In Ok Lee, MD1

Jung-Yun Lee, MD, PhD1

Hanbyoul Cho, MD, PhD2

Doo Byung Chay, MD, PhD2

Sunghoon Kim, MD, PhD1

Sang Wun Kim, MD, PhD1

Jae-Hoon Kim, MD, PhD2

Young Tae Kim, MD, PhD1

Eun Ji Nam, MD, PhD1

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

Correspondence: Young Tae Kim, MD, PhD
Department of Obstetrics and Gynecology, 
Institute of Women’s Life Medical Science, 
Yonsei University College of Medicine, 50-1
Yonsei-ro, Seodaemun-gu, Seoul 03722, Korea
Tel: 82-2-2228-2240
Fax: 82-2-313-8357
E-mail: ytkchoi@yuhs.ac

Co-correspondence: Eun Ji Nam, MD, PhD
Department of Obstetrics and Gynecology, 
Institute of Women’s Life Medical Science, 
Yonsei University College of Medicine, 50-1
Yonsei-ro, Seodaemun-gu, Seoul 03722, Korea
Tel: 82-2-2228-2250
Fax: 82-2-313-8357
E-mail: NAHMEJ6@yuhs.ac

Received  April 13, 2017
Accepted  October 14, 2017
Published Online  October 17, 2017

1Department of Obstetrics and Gynecology,
Institute of Women’s Life Medical Science,
Yonsei University College of Medicine, Seoul,
2Department of Obstetrics and Gynecology,
Gangnam Severance Hospital, Yonsei 
University College of Medicine, Seoul, Korea

│ http://www.e-crt.org │956 Copyright ⓒ 2018 by  the Korean Cancer Association
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



VOLUME 50 NUMBER 3 JULY 2018  957

Introduction

Epithelial ovarian cancer (EOC) remains a leading cause
of gynecologic cancer-related mortality because it exhibits
marked heterogeneity at the molecular, cellular, and clinical
levels. This results in a high recurrence rate after standard
primary treatment [1,2]. To deal with the heterogeneity, per-
sonalized medicine is now widely considered for intractable
EOC, and its possible value is a reason for global research on
this approach [3].

To precisely represent the biologic characteristics of an 
individual patient, previous studies have established disease
models including two-dimensional cell lines and patient-
derived xenograft models [4,5]. Compared with cancer cell
lines, xenograft models can better characterize features of the
original tumor, including tumor heterogeneity [6,7]. There-
fore, xenograft models have become a widely used preclini-
cal tool for developing treatment strategies in refractory EOC
[2,8].

The rate of successful tumorigenicity of cancer specimens
from EOC patients has been variable in previous studies.
Furthermore, a considerable proportion of tumor samples
failed to engraft successfully in xenograft models [9,10]. Suc-
cessful engraftment may reflect aggressiveness of the pri-
mary tumor. Although the use of xenograft models has been
increasing, few studies have compared the clinical features
and outcomes of EOC patients according to tumorigenicity
of the engrafted specimens [9-11]. Investigation of the rela-
tionship between engraftment tumorigenicity and EOC path-
ogenicity may provide better insight into the interpretation
of findings of preclinical studies using xenograft models.
Thus, the present study was designed to determine whether
tumorigenicity correlates with the clinical features and out-
comes of EOC patients. 

Materials and Methods

1. Patients

Eighty-eight patients who were diagnosed with EOC from
June 2014 to December 2015 were enrolled in this study. 
Included patients underwent one of the following two types
of surgeries: (1) primary cytoreductive and (2) interval 
debulking following diagnostic laparoscopy. 

2. Establishment of an ovarian cancer xenograft model

Fresh tumor tissues from consenting patients with ovarian

cancer were collected at the time of debulking (primary or
interval) surgery. Samples were minced into small fragments
with an operating scissors in RPMI 1640 medium (LM011-03,
Welgene, Gyeongsan, Korea) containing a 1 antibiotic-
antimycotic solution (15240-062, Gibco, Grand Island, NY).

Tumor cells were implanted subcutaneously on each flank
of nude and NOG mice (S1 Video). Mice were anesthetized
by injection of Zoletil/Rompun (7:3 ratio) and shaved on the
rump where the surgery would occur. The site was disinfec-
ted with povidone iodine pads and 70% isopropyl alcohol
swabs. A 2-mm long incision was made in the skin at the
rump, and 100 µL of previously chopped tumor fragments
were placed into each flank using a 10-gauge trocar. After
implantation, the skin was sutured and the mice revived.

Tumor size was evaluated 2 to 3 times per week with a dig-
ital caliper (S2 Video). The tumor volume was calculated by
the formula: 1/2 (width2  length). Implants that reached a
volume of 500 mm3 were considered tumorigenic. 

The tumor from a founder mouse was expanded with a
single passage into 5 to 10 mice to generate sufficient tumor
volume for banking and future experiments. Harvested tis-
sue was cryopreserved in 1 mL cryovials using 10% dimethyl
sulfoxide for 72 hours in a 70°C freezer. After freezing, sam-
ples were transferred to liquid nitrogen tanks for a minimum
of 24 hours before thawing in a 37°C water bath.

3. Clinicopathologic analysis

Patient characteristics according to tumorigenicity of the
engrafted tumor were compared. Patients were grouped 
according to the type of surgery: (1) primary cytoreductive
including fertility-sparing and (2) diagnostic laparoscopy fol-
lowed by interval debulking. All the patients included in the
latter group received homogeneous regimen (i.e., paclitaxel
and carboplatin) as neoadjuvant chemotherapy for 3 times,
prior to interval debulking surgery. The following data were
extracted from the medical records and compared according
to the tumorigenicity: age, preoperative carbohydrate anti-
gen 125 (CA-125) level, BRCA1/2 mutation, origin of the dis-
ease, histologic type, International Federation of Gynecology
and Obstetrics (FIGO) stage, grade, lymphovascular inva-
sion, lymph node metastasis, type of surgery, American 
Society of Anesthesiologists physical status, and residual dis-
ease.

4. Comparison of germline DNA mutation spectra with 
tumorigenicity

To investigate the germline mutational status of patients
with and without tumorigenicity, we performed the next-
generation sequencing assay using a 35-multigene test panel.
We selected about ten patients from each group and deter-
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mined the germline DNA mutations of 35 genes to compare
the mutation spectra. Germline DNA was extracted from a
peripheral blood sample of the participants using the 
QIAamp Blood DNA mini Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions. Intact DNA
was quantified and adjusted to a concentration of 5 ng/µL
using a Qubit 2.0 fluorometer and the Qubit dsDNA HS
Assay Kit (Invitrogen, Waltham, MA). Pre-capture libraries
were constructed according to the manufacturer’s sample
preparation protocol. Each patient’s genomic DNA was frag-
mented with a median size of 300 bp. A customized targeted
capture sequencing panel (OncoRisk, produced by Celemics,
Seoul, Korea) was used that covered all coding sequences

and intron-exon boundaries of coding exons from 35 cancer
susceptibility genes including: BRCA1, BRCA2, PALB2,
BARD1, BRIP1, RAD51C, RAD51D, RAD50, NBN, MRE11A,
ATM, CHEK2, TP53, PTEN, APC, BLM, BMPR1A, CDH1,
CDK4, CDKN2A, EPCAM, MEN1, MLH1, MSH2, MSH6,
MUTYH, PMS2, POLE, PRSS1, RET, SLX4, SMAD4, STK11,
VLH, and WT1. The DNA fragments were end-repaired,
phosphorylated, and adenylated on the 3 ends. Index adap-
tors were ligated to the repaired ends, DNA fragments were
amplified, and fragments of 200 to 500 bp were isolated.
Pooled libraries were sequenced on a MiSeq sequencer (Illu-
mina, San Diego, CA) using the MiSeq Reagent Kit v2 (300
cycles).

Characteristic
Total patients Tumorigenicity

(n=88) Yes (n=47) No (n=41) p-value
Age, median (range, yr) 53 (27-82) 54 (32-82) 52 (27-72) 0.460
Preoperative CA-125 level (U/mL) 1,527.2 (2-11,779) 1,157.1 (2-8,189) 1,951.5 (28-11,779) 0.439
Histology

Serous 54 (61.4) 31 (66.0) 23 (56.1) 0.594
Mucinous 4 (4.5) 3 (6.4) 1 (2.4)
Endometrioid 11 (12.5) 4 (8.5) 7 (17.1)
Clear cell 12 (13.6) 5 (10.6) 7 (17.1)
Carcinosarcoma 3 (3.4) 2 (4.3) 1 (2.4)
Squamous cell 1 (1.1) 1 (2.1) 0 (
Unknown 3 (3.4) 1 (2.1) 2 (4.9)

FIGO stage
I 11 (12.5) 6 (12.8) 5 (12.2) 0.831
II 4 (4.5) 2 (4.3) 2 (4.9)
III 52 (59.1) 26 (55.3) 26 (63.4)
IV 21 (23.9) 13 (27.7) 8 (19.5)

High-grade tumor 66 (75.0) 39 (83.0) 27 (65.9) 0.054
Lymphovascular invasion 40 (45.5) 27 (57.4) 13 (31.7) 0.016
LN metastasis 41 (46.6) 24 (51.1) 17 (41.5) 0.368
BRCA1/2 mutation 14 (15.9) 10 (21.3) 4 (9.8) 0.142
Type of surgery

Primary debulking 64 (72.7) 36 (76.6) 28 (68.3) 0.661
Interval debulking 24 (27.3) 11 (23.4) 13 (31.7)

ASA physical status
1 13 (14.8) 7 (14.9) 6 (14.6) 0.999
2 43 (48.9) 23 (48.9) 20 (48.8)
3 32 (36.4) 17 (36.2) 15 (36.6)

Residual disease
NGR 50 (56.8) 21 (44.7) 29 (70.7) 0.022
< 1 cm 26 (29.5) 16 (34.0) 10 (24.4)
 1 cm 12 (13.6) 10 (21.3) 2 (4.9)

Table 1. Patient characteristics in relation to the tumorigenicity of engrafted tumors in a xenograft model

Values are presented as number (%) unless otherwise indicated. CA-125, carbohydrate antigen 125; FIGO, The International
Federation of Gynecology and Obstetrics; LN, lymph node; ASA, American Society of Anesthesiologists; NGR, no gross
residual disease. 
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5. Statistical analyses

SPSS ver. 23.0 for Windows (IBM Corp., Armonk, NY) was
used to analyze data. The chi-square or Fisher exact tests
were used to compare engraftment status with patient char-
acteristics. Survival outcomes were determined through a
Kaplan-Meier survival analysis. Univariate and multivariate
analyses of the effects of various prognostic factors on sur-
vival were performed using the Cox proportional hazards
model. Multivariate analysis was performed with variables
that were considered significant in the univariate analysis.
p-values of less than 0.05 were considered statistically signif-
icant.

6. Ethical statement

This study was reviewed and approved by our Institu-
tional Review Board (IRB No. 4-2013-0526), and was per-
formed in accordance with the ethical standards described
in the Declaration of Helsinki. The requirement to obtain a
written informed consent was waived by the Institutional 
Review Board of the Yonsei University College of Medicine
because our study was retrospective research, and this 

research presented no more than minimal risk of harm to
subjects. All animal experiments were performed according
to protocols approved by the appropriate institutional 
review board and conducted in accordance with the National
Institutes of Health Laboratory Animal Research Guide for
the Care and Use ofLaboratory Animals.

Results

1. Patient characteristics and tumorigenicity 

Out of 88 tumor specimens, 49 (53.4%) were engrafted suc-
cessfully. Patient characteristics and comparisons according
to tumorigenicity are shown in Table 1. The patients had a
median age of 52 (range, 27 to 82), and 83% carried advanced
FIGO stage cancer. The subjects underwent one of two types
of treatment including primary debulking surgery (72.7%)
and interval debulking surgery (27.3%). Seventy-six patients
received optimal surgery that resulted in a residual tumor
size of less than 1 cm.

Variable No.
Univariate analysis Multivariate analysis

HR (95% CI) p-value HR (95% CI) p-value
Age (yr) 88 1.013 (0.986-1.040) 0.360
FIGO stage

1-2 15 1 (reference) 1 (reference)
3-4 73 3.226 (1.034-10.469) 0.044 5.071 (1.170-12.608) 0.027

LN metastasis
Yes 41 1 (reference) -
No 43 1.712 (0.924-3.170) 0.087 - -

Lymphovascular invasion
Yes 40 1 (reference) -
No 48 1.619 (0.876-2.994) 0.124 - -

High-grade tumor
Yes 22 1 (reference) 1 (reference)
No 66 0.273 (0.108-0.719) 0.008 0.458 (0.231-0.909) 0.026

Residual disease
NGR 50 1 (reference) 1 (reference)
< 1 cm 26 2.113 (1.075-4.155) 0.030 1.936 (0.965-3.882) 0.063
 1 cm 12 1.869 (0.778-4.491) 0.162 1.485 (0.585-3.771) 0.405

Tumorigenicity
No 41 1 (reference) 1 (reference)
Yes 47 1.949 (1.353-3.140) 0.043 2.196 (1.123-4.292) 0.021

Table 2. Univariate and multivariate analyses of various factors for progression-free survival

HR, hazard ratio; CI, confidential interval; FIGO, The International Federation of Gynecology and Obstetrics; LN, lymph
node; NGR, no gross residual disease. 
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Tumorigenicity was correlated with a high-grade tumor,
lymphovascular invasion, and residual disease after debulk-
ing surgery. There were no significant differences between
the two debulking surgery groups according to tumorigenic-
ity and age, preoperative CA-125 levels, lymph node metas-
tasis, histology, and stage.

2. Clinical outcomes and tumor engraftment

Median follow-up period was 21 months, ranging 1 to 100
months. Univariate and multivariate Cox regression analyses
of progression-free survival (PFS) in all patients are shown
in Table 2. Multivariate analysis of PFS identified advanced
FIGO stage, high-grade tumor, and tumorigenicity as signif-
icant factors (p=0.270, p=0.026, and p=0.021, respectively).
The hazard ratio of tumorigenicity for PFS was 2.196 (95%
confidence interval, 1.123 to 4.292). 

A Kaplan-Meier survival analysis indicated an apparently
unfavorable PFS in the tumorigenicity-positive compared to
the tumorigenicity-negative group, although this difference
was not significant (p=0.097) (Fig. 1A). In the subgroup
analysis, positive tumorigenicity correlated significantly with
a poor PFS when compared with negative tumorigenicity
among patients who underwent primary debulking surgery
(p=0.044) (Fig. 1B). Among patients who underwent interval
debulking surgery, there was no difference in PFS regarding
tumorigenicity (Fig. 1B).

3. Germline DNA mutation spectra versus tumorigenicity

The spectra of germline mutations are presented in Fig. 2.
Six of 11 patients whose tumor samples engrafted success-
fully showed six pathogenic mutations. These included four
nonsense mutations in BRCA1 and BRCA2, and two splicing
mutations in BRCA1 and MUTYH. Three pathogenic muta-
tions were evident in three of eight patients whose tumor
samples failed to engraft. These three mutations were all
frame shifts in BRCA1, BRCA2, and RAD51D.

Discussion

We compared the clinical features and outcomes of 
patients with EOC in relation to successful tumorigenicity in
a xenograft model. Similar to previous studies [9,10], xeno-
grafts were established successfully with 53.4% of the pri-
mary tumors. Tumorigenicity of the grafted tumors corre-
lated with lymphovascular invasion and failure to achieve
optimal surgery. Successful tumor engraftment in the xeno-
graft model also appeared to be associated with high-grade
tumors. We observed an apparently unfavorable PFS in the
tumorigenicity-positive compared to the tumorigenicity-neg-
ative group, although this difference was not significant.
Specifically, in patients who underwent primary debulking

Fig. 1.  Comparison of progression-free survival in patients relative to the tumorigenicity of engrafted tumors in a xenograft
model. (A) Comparison in 88 patients. (B) Subgroup analysis by type of debulking surgery: primary and interval debulking.
PDS, primary debulking surgery; IDS, interval debulking surgery.
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surgery and whose tumors failed to engraft, there was sig-
nificant improvement in PFS. In addition, tumorigenicity
was an independent predictor of PFS. These results suggest
that EOCs with more aggressive features are better able to
engraft than less aggressive cancers.

In our study, tumorigenicity was significantly correlated
with PFS in chemotherapy-naïve cancer. This finding 
implied that engraftment failure of chemotherapy-naïve 
tumors reflected low aggressiveness of the primary tumor.
However, after cytotoxic chemotherapy had affected the can-
cer tissue, failure of tumor engraftment did not appear to
represent low aggressiveness of the primary tumor because
there was poor PFS regardless of tumorigenicity. This obser-
vation suggested that, after neoadjuvant chemotherapy, even
aggressive malignant cells could fail to engraft in the

xenograft model. Considering the high chemosensitivity of
EOC, neoadjuvant chemotherapy would greatly reduce the
tumor bulk. This may result in low cellularity of the tumor
sample obtained during debulking surgery [12]. In other
words, it appears that the low cellularity of the cancer spec-
imen, not the low aggressiveness of the primary tumor, 
resulted in the failure of engraftment.

Our results demonstrated that tumorigenicity could be
used as a strong predictive factor for aggressiveness of the
primary tumor regarding lymphovascular invasion, high-
grade, and failure in the achievement of optimal surgery. In
particular, because optimal debulking surgery is a major fac-
tor that impacts survival in advanced ovarian cancer [13],
tumor engraftment can act as a useful indicator of survival
outcome. In our study, there was a marginally significant 
improvement in PFS in the negative tumorigenicity group,
and significant improvement in the negative tumorigenicity
group treated with primary debulking surgery, indicating
the possible role of tumorigenicity as a predictive factor.

A few previous studies have evaluated the relationship 
between successful tumorigenicity in a xenograft model and
clinical outcomes of EOC patients [9,10]. In one study using
45 xenografts, patients whose tumors were successfully 
engrafted in mice had significantly inferior overall survival
when compared with those whose tumors failed to engraft
(p=0.040) [10]. In another study, 168 xenografts were ana-
lyzed. The authors reported that patients whose tumors suc-
cessfully engrafted in mice had inferior overall survival
(p=0.059) relative to patients whose tumors did not success-
fully engraft [9]. Comparable studies have been performed
for colon cancer, non-small cell lung cancer, breast cancer,
and uveal melanoma [3,11,14-16]. A study for non-small cell
lung cancer showed that tumorigenicity correlated with the
presence of KRAS mutations, poor differentiation, and larger
tumor size. In addition, tumorigenicity was an independent
predictor of shorter disease-free survival [14]. In contrast, 
another non-small cell lung cancer study reported that 
tumorigenicity did not correlate with clinical outcomes [15].
The previous studies on the correlation of engraftment in
xenograft models and clinical outcomes, however, did not
perform a subgroup analysis for investigating the possible
influence of cytotoxic chemotherapy on tumorigenicity.

Numerous genomic mutations have been identified in 
patients with EOC, and high levels of oncogene mutation can
accelerate tumor engraftment [17-19]. In our study, we per-
formed the next-generation sequencing assay and compared
the spectra of germline mutations relative to tumorigenicity
in the xenograft model. We detected several mutations of
EOC-related genes. Mutation of BRCA1 and BRCA2 were 
detected most frequently, especially among patients with suc-
cessful tumor engraftment. According to previous reports,
xenograft models can accurately represent the genetic diver-

Fig. 2.  Comparison of germline mutation spectra relative
to tumorigenicity using a 35-multigene panel next-gener-
ation sequencing assay. VOUS, variants of unknown sig-
nificance.
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sity of the primary tumor and better predict clinical tumor
response to new therapeutics, such as molecularly targeted
therapy [10,11]. Further studies that analyze somatic muta-
tions of our engrafted tumors could verify the utility of the
xenograft model for drug sensitivity testing followed by mol-
ecularly targeted therapy, especially those with disease 
refractory to conventional treatments [8,20].

Well-characterized xenograft models are useful in devel-
oping novel targeted therapies [21,22]. In the current study,
xenografts were stably established, and we observed that
successful tumorigenicity of patient-derived EOC specimens
correlated with more aggressive cancer features and worse
oncologic outcomes. Therefore, xenograft models may play
a role as effective preclinical tools to evaluate cancer progres-
sion and to determine treatment strategies. These models can
be applied to further pharmacologic and genomic research
on personalized therapies. Our results provide evidence that
xenograft models are relevant to EOC patients with a refrac-
table course or high risk of relapse. We expect that personal-
ized treatments with the preclinical use of xenograft models
will improve survival rates for EOC patients. 

In conclusion, our study showed that the successful tumo-
rigenicity of EOC specimens in a xenograft model was asso-
ciated with more aggressive disease and worse prognosis. In
particular, failure of chemotherapy-naïve tumor engraftment
indicated low aggressiveness of the primary tumor that
could result in a favorable prognosis. As a preclinical tool,
xenograft models may be helpful to predict disease progres-

sion for personalized treatment and, finally, to improve clin-
ical outcomes of EOC patients. Further pharmacologic and
genomic studies on personalized treatments using the
xenograft model are expected to provide novel treatments
for retractable EOC patients.
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Purpose
We aimed to assess prognostic value of metastatic pelvic lymph node (mPLN) in early-stage
cervical cancer treated with radical surgery followed by postoperative chemoradiotherapy.
Also, we sought to define a high-risk group using prognosticators for recurrence. 

Materials and Methods
A multicenter retrospective study was conducted using the data from 13 Korean institutions
from 2000 to 2010. A total of 249 IB-IIA patients with high-risk factors were included. We
evaluated distant metastasis-free survival (DMFS) and disease-free survival (DFS) in relation
to clinicopathologic factors including pN stage, number of mPLN, lymph node (LN) ratio (num-
ber of positive LN/number of harvested LN), and log odds of mPLNs (log(number of positive
LN+0.5/number of negative LN+0.5)).

Results
In univariate analysis, histology (squamous cell carcinoma [SqCC] vs. others), lymphovas-
cular invasion (LVI), number of mPLNs ( 3 vs. > 3), LN ratio ( 17% vs. > 17%), and log
odds of mPLNs ( 0.58 vs. > 0.58) were significant prognosticators for DMFS and DFS.
Resection margin involvement only affected DFS. No significant survival difference was ob-
served between pN0 patients and patients with 1-3 mPLNs. Multivariate analysis revealed
that mPLN > 3, LVI, and non-SqCC were unfavorable index for both DMFS (p < 0.001,
p=0.020, and p=0.031, respectively) and DFS (p < 0.001, p=0.017, and p=0.001, respec-
tively). A scoring system using these three factors predicts risk of recurrence with relatively
high concordance index (DMFS, 0.69; DFS, 0.71).

Conclusion
mPLN > 3 in early-stage cervical cancer affects DMFS and DFS. A scoring system using
mPLNs > 3, LVI, and non-SqCC could stratify risk groups of recurrence in surgically resected
early-stage cervix cancer with high-risk factors.

Key words
Uterine cervical neoplasms, Adjuvant treatment, 
Combined modality therapy, Lymphatic metastasis, Scoring system 
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Introduction

Cervical cancer is newly diagnosed in 3,500 patients in the
Korea in 2014 [1]. Despite a declining trend over the last 40
years, the incidence and mortality rate among young women
increased [2]. Since cancer screening using Pap smear has
been widely used, about three quarters of newly diagnosed
cases are the International Federation of Gynecology and 
Obstetrics (FIGO) stage I or IIA [3]. These early cervical can-
cer are subject to radical surgery and has a relatively favor-
able prognosis with a 5-year overall survival (OS) rate of 90%
and a disease-free survival (DFS) rate of 82% [4]. However,
pathologic findings including positive resection margin
(RM), parametrial (PM) involvement, and lymph node (LN)
metastasis are considered as high risk factors for recurrence
and patients with those factors are candidate for postopera-
tive chemoradiotherapy (CRT) [5]. Pelvic LN metastasis is
found in nearly half of cases, even in early stage cervical can-
cer [6] and in this setting, the 5-year relative survival rate was
57.4% [7]. In a Gynecologic Oncology Group (GOG) 49 study 
including FIGO IB patients, the 5-year DFS of patients with
metastatic pelvic LN (mPLN) was 10% lower than those
without [8]. In pooled analysis of GOG 24/56/59, LN metas-
tasis was statistically significant variable for both DFS (haz-
ard ratio [HR], 1.9) and OS (HR, 2.0) [9]. 

Several researchers have assessed prognostic meaning of
mPLN in various ways. The simplest is counting the number
of mPLN, which is intuitive and widely used in other cancers
[10,11]. The LN ratio (LNR) which has been developed to 
reflect the extent of LN resection and the log odds of positive
LN (LODDs) which has the advantage of reflecting the num-
ber of negative LNs are suggested as prognostic variables 
related to LN status [12]. However, those studies were lim-
ited in that most of them are single institutional retrospective
series and also, included heterogeneous population in terms
of tumor stages and treatment characteristics. Until now, it
is unclear that among several parameters related to LN sta-
tus, which one serves as a best prognostic factor.

We therefore aimed to assess prognostic value of the num-
ber of and related parameters of mPLN in patients with
early-stage cervical cancer treated with radical surgery fol-
lowed by postoperative CRT due to pathologic high risk fac-
tors. Also, we sought to find a high risk group of recurrence
in these patients.

Materials and Methods

1. Patient cohort 

We conducted a multicenter retrospective study (Korean
Radiation Oncology Group [KROG] 15-04) at affiliated 13 
institutions in South Korea. After the approval of Institu-
tional Review Board of each institution, medical records of
patients who were newly diagnosed of FIGO IB-IIA cervical
cancer between 2000 and 2010, and treated with radical sur-
gery followed by postoperative CRT due to pathologic high
risk features including positive RM, PM invasion, and LN
metastasis were reviewed. We intended to enroll homoge-
neous group of patients without clinically involved LN on
preoperative positron emission tomography/computed 
tomography (PET/CT) or magnetic resonance imaging
(MRI). This is because definitive CRT or radiotherapy (RT)
is often recommended in those with gross mPLNs which are
LNs with increased metabolism than the background
(PET/CT) or those with a short diameter greater than 1 cm
(MRI). Additionally, patients who received preoperative
chemotherapy (CTx), who did not receive radical surgery,
who have insufficient information on the extent of surgery
or pathologic report, who did not complete adjuvant CRT,
or who have with history of other malignancies were 
excluded. Finally, a total of 259 patients were candidates of
this study, and each institutional review board’s approval
was achieved. The patient selection process is depicted in 
S1 Fig. 

2. Treatment

All patients underwent radical hysterectomy with pelvic
LN dissection according to our inclusion criteria. Para-aortic
LN sampling or dissection was carried out in 120 patients
(46.3%). Postoperative RT was delivered to whole pelvis in
daily fraction of 1.8-2 Gy with median dose of 50.4 Gy (range,
41.4 to 60.4 Gy). Brachytherapy was performed in 36 patients
(18%) with median dose of 18 Gy (range, 5 to 28 Gy) follow-
ing whole pelvic RT. Nineteen patients (7.3%) underwent
para-aortic nodal irradiation with a median dose of 45 Gy
(range, 45 to 60 Gy), of whom nine patients received RT pro-
phylactically. Most of all patients (97.3%) received platinum-
based CTx during CRT. The most common CTx regimen was
weekly cisplatin (50.2%), and doublet of 5-fluorouracil and
cisplatin was the second (24.5%). 

3. Variables and statistical analysis

All patients were staged using 2009 FIGO staging system
[13]. As FIGO staging system does not describe presence of
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LN metastases, pathologic nodal status was described sepa-
rately as pN0 or pN1 based on seventh edition of American
Joint Committee on Cancer staging system [14]. Additionally,
we evaluated parameters related to LN status such as the
number of mPLNs, LNR, and LODDs. LNR was calculated
by dividing the number of mPLNs by the number of har-
vested LNs (Eq. 1). 

LNR= No. of mPLNs                                       (1)
No. of harvested LNs

LODDs was defined as the logarithm of odds ratio of neg-
ative LNs over positive LNs (Eq. 2) [12]. 

LODDs=log No. of mPLNs+0.5                       (2)
No. of negative LN+0.5

In this Eq. (2), 0.5 is added constant to avoid an infinite
number. Cutoff value of these parameters was determined
by maximal chi-square method. 

Distant metastasis-free survival (DMFS) was defined as an
interval between the surgery and the detection of distant
metastasis or last follow-up. DFS was calculated from the
surgery to the detection of any recurrence or last follow-up.
In-pelvic recurrences are regarded as locoregional failures
while para-aortic LN failures as distant. Survival curves were
estimated by Kaplan-Meier method and survival differences
were evaluated using log-rank test. Statistically significant
variables in univariate analyses were included in a step-wise
Cox proportional hazard regression model for multivariate
analyses. In the modeling process, variables with p < 0.20
were put into and those with p > 0.10 were eliminated from
the regression model. A p-values < 0.05 was considered sta-
tistically significant. All statistical analyses were performed
by R ver. 3.2.4 (R Foundation for Statistical Computing, 
Vienna, Austria, http://www.r-project.org). 

4. Ethical statement

The study was approved by the Institutional Review Board
of Seoul National University Bundang Hospital (IRB No. 
B-1511/324-109) and performed in accordance with the prin-
ciples of the Declaration of Helsinki. The informed consent
was waived. 

Results

1. Patient demographics 

The median age of patients was 47 years (range, 25 to 74
years) and about three-quarters of patients was FIGO stage
IB. The most common histology was squamous cell carci-
noma (SqCC; 71.8%) followed by adenocarcinoma (ADC;
18.5%). Deep stromal invasion greater than 1/2 thickness,
bulky tumor more than 4 cm, and lymphovascular invasion
(LVI) were found in 88.6%, 33.2%, and 78.9% of patients, 
respectively. Patients with PM extension or positive RM were
45.6% and 14.3%, respectively. Two hundred and seven 
patients (79.9%) were pN1. The median number of harvested
LNs and mPLNs were 26 (range, 4 to 85) and 1 (range, 0 to
19), respectively. Of 120 patients who underwent para-aortic
LN sampling or dissection, 10 patients (3.9%) had metastatic
para-aortic LNs. Thirty-six patients (13.9%) received a con-
solidative CTx following adjuvant CRT at the discretion of
treating physician. Patient demographics are summarized in
Table 1.

2. Survival analysis 

As the presence of para-aortic LN metastases is an obvious
poor prognostic factor for DMFS and DFS, 10 patients with
para-aortic LN metastases were excluded from subsequent
survival analyses to avoid possible confounding effect. Con-
sequently, 249 patients were included for survival analyses
of DMFS and DFS. Median follow-up duration was 70
months (range, 2.5 to 468.5 months). Five-year DMFS and
DFS of 249 patients were 83.5% and 78.1%, respectively. Dis-
tant failure occurred in 42 patients and crude distant failure
rate was 16.9%. The lungs were the most common site of fail-
ure (33.3%) and the second most common was para-aortic
LN (28.6%). Locoregional failure occurred in 23 patients
(9.2%) and there were 11 patients who experienced both 
locoregional and distant failure. 

Determined cutoff value for the number of mPLNs, LNR
and LODDs for DMFS were 3, 17%, and 0.58, respectively
(S2 Fig.). The proportion of patients with mPLNs  3, LNR 
 17%, and LODDs  0.58 were 81.1%, 86.0%, and 87.6%, 
respectively.  

In univariate analysis, non-SqCC (p=0.007), the presence
of LVI (p=0.021), mPLNs > 3 (p=0.018), pelvic LNR > 17%
(p=0.041), and LODDs > 0.58 (p=0.048) were significant
poor predictors for DMFS. However, no survival difference
was observed according to the number of harvested LNs
(p=0.121), duration of RT (p=0.282), or consolidative CTx
(p=0.536). As for DFS, the survival rate was significantly dif-
ferent according to following factors: non-SqCC (p < 0.001),
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presence of LVI (p=0.029), mPLNs > 3 (p=0.001), pelvic LNR
> 17% (p=0.016), and LODDs > 0.58 (p=0.014), and RM pos-
itivity (p=0.018), respectively. DFS was not influenced by the
number of harvested LNs (p=0.153), duration of RT
(p=0.975), or consolidative CTx (p=0.638). These results are
presented in Table 2. 

Interestingly, pathologic N stage itself was independently
associated with neither DMFS (p=0.910) nor DFS (p=0.839)
(Fig. 1A). As the cutoff value of mPLN determined by max-
imal chi-square test was 3, we compared survival differences
between three groups of patients: patients with pN0, patients
with 1-3 mPLNs, and patients with mPLNs more than 3. Sur-
vivals of patients with 1-3 mPLNs were significantly higher
(5-year DMFS, 86.0%; 5-year DFS, 82.7%) than those with 
> 3 mPLNs (5-year DMFS, 70.9%, p=0.017; 5-year DFS, 60.0%,
p=0.001). However, survival differences between patients
with pN0 and  3 mPLNs were not statistically significant 
(5-year DMFS, 87.7%, p=0.616; 5-year DFS, 81.6%, p=0.535).
Fig. 1B depicts survival curves according to these three
groups.

In multivariate analysis (Table 3), both DMFS and DFS
were significantly affected by three factors: non-SqCC histol-
ogy (DMFS: p=0.001; HR, 2.96 and DFS: p < 0.001; HR, 3.46),
LVI (DMFS: p=0.020; HR, 4.08 and DFS: p=0.017; HR, 3.10),
and mPLNs > 3 (DMFS: p=0.031; HR, 2.08 and DFS: p=0.001;
HR, 2.65). S3 Fig. shows survival curves according to these
factors. Other LN-related parameters (pN stage, LNR, or
LODDs) lost their significance after adjusting interaction 
between variables. 

3. A scoring system for prediction of DMFS and DFS

A scoring system was built based on the results of multi-
variate analysis (Table 4). Non-SqCC histology, presence of
LVI, and mPLNs > 3 were counted independently as 1 point
with total score ranging from 0 to 3. As a result, patients were
stratified into four groups as follows: 28 patients (12.1%) with
score 0, 125 patients (53.9%) with score 1, 69 patients (29.7%)
with score 2, and 10 patients (4.3%) with score 3, respectively.
The 5-year DMFS and DFS were 100% in patients with score

Table 1. Patient and tumor characteristics
Characteristic No. (%)
Age at diagnosis, median (range, yr) 47 (25-74)
FIGO stage

IB 202 (78.0)
IIA 57 (22.0)

Histology
Squamous cell carcinoma 186 (71.8)
Adenocarcinoma 48 (18.5)
Adenosquamous carcinoma 11 (4.3)
Mucinous adenocarcinoma 4 (1.5)
Small cell carcinoma 3 (1.2)
Others 7 (2.7)

Deep stromal invasion (%)a)

 50 28 (11.4)
> 50 218 (88.6)

Bulky tumor (cm)a)

 4 163 (66.8)
> 4 81 (33.2)

Lymphovascular  invasiona)

Negative 51 (21.1)
Positive 191 (78.9)

Parametrial extension
Negative 141 (54.4)
Positive 118 (45.6)

Resection margin
Negative 222 (85.7)
Positive 37 (14.3)

Pathologic N stage
N0 52 (20.1)
N1 207 (79.9)

No. of harvested pelvic LNs
Median (range) 26 (4-85)
 25 125 (48.3)
> 25 134 (51.7)

No. of metastatic pelvic LNs
Median (range) 1 (0-19)
0 52 (20.1)
1 88 (34.0)
2 44 (17.0)
 3 75 (29.0)

Para-aortic LN dissection
Not done 139 (53.7)
Done 120 (46.3)

Para-aortic LN metastasis
Absent 110 (91.7)
Present 10 (8.3)

Duration of radiotherapy (wk)
 7 199 (76.8)
> 7 60 (23.2)

Consolidative chemotherapy
Not done 223 (86.1)
Done 36 (13.9)

Table 1. Continued

FIGO, International Federation of Gynecology and Obstet-
rics; LN, lymph node. a)Available cases analysis. 

Characteristic No. (%)
High-risk factor

1 168 (64.9)
2 79 (30.5)
3 12 (4.6)
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Characteristic
DMFS DFS

5-Year (%) p-valuea) 5-Year (%) p-valuea)

5-Year overall probability 83.5 78.1
Age (yr)
 50 83.2 0.860 77.2 0.732
> 50 84.0 79.4

FIGO stage
IB 81.6 0.373 77.2 0.554
IIA 90.6 81.8

Histology
SqCC 87.7 0.007 84.1 < 0.001
Others 72.5 63.0

Deep stromal invasion
 50% 92.2 0.183 88.7 0.196
> 50% 83.0 78.1

Bulky tumor (cm)
 4 84.5 0.602 80.8 0.482
> 4 83.7 77.0

Lymphovascular invasion
Negative 93.7 0.021 90.6 0.029
Positive 80.3 75.1

Parametrial invasion
Negative 85.3 0.290 78.7 0.803
Positive 81.3 77.2

Resection margin
Negative 84.3 0.322 80.9 0.018
Positive 78.5 61.4

Pathologic N stage
N0 87.8 0.910 81.6 0.839
N1 82.5 77.4

No. of metastatic LNs
 3 86.4 0.018 82.3 0.001
> 3 70.9 60.0

Pelvic LNR (%)
 17 85.7 0.041 80.8 0.016
> 17 69.8 61.8

LODDs
 –0.58 85.5 0.048 80.7 0.014
> –0.58 69.1 60.0

No. of harvested LNs
 25 79.0 0.121 73.3 0.153
> 25 88.0 83.0

Duration of radiotherapy (wk)
 7 85.2 0.282 78.3 0.975
> 7 77.3 77.3

Consolidative chemotherapy
Not done 82.4 0.536 76.7 0.638
Done 84.9 78.8

Table 2. Univariate survival analysis for DMFS and DFS 

DMFS, distant metastasis-free survival; DFS, disease-free survival; FIGO, International Federation of Gynecology and 
Obstetrics; SqCC, squamous cell carcinoma; LN, lymph node; LNR, lymph node ratio; LODDs, log odds of positive lymph
nodes. a)p-value by log-rank test.
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0. In contrast, 5-year DMFS and DFS were 50% and 40% in
patients with score 3. In patients with score 1 and 2, 5-year
DMFS and DFS were 88.6%/71.2% and 85.9%/62.1%, respec-
tively (Fig. 2). The Harrell's C index of the scoring system for
DMFS and DFS were 0.69 and 0.71. 

Additionally, we developed prognostic nomogram for DFS
using above three risk factors to specifically estimate indi-
vidual patient’s prognosis (Fig. 3A, Supplementary Method).
The nomogram suggested that non-SqCC histology had the
largest impact on prognosis. The concordance index of our
nomogram predicting 5-year survival probability was 0.69.

The calibration plot depicted a good correspondence 
between the nomogram-predicted survival and actuarial sur-
vival rate at 5 years (Fig. 3B). 

Discussion

The present study enrolled homogenous groups of patients
diagnosed of FIGO IB-IIA cervical cancer without clinically

Fig. 1.  Distant metastasis-free survival (DMFS) and disease-free survival (DFS) curves according to pN stage (A), and
number of metastatic pelvic lymph nodes (LNs) (B).
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involved LNs, treated by radical surgery and adjuvant CRT
owing to postoperative high risk features. This study demon-
strates that the number of mPLN shows best prognostic per-
formance among parameters related to LN status. DMFS and
DFS of patients with mPLN  3 did not differ from those with
pN0. In contrast, the risk of recurrence in patients with
mPLNs > 3 remained high even though postoperative CRT
was performed. Additionally, we proposed a scoring system
which can discriminate poor prognostic group of patients
using three factors including tumor histology, LVI, and the
number of mPLN. It is simple and correlates well with DMFS
and DFS.

Characteristic
DMFS DFS

HR (95% CI) p-valuea) HR (95% CI) p-valuea)

Histology
SqCC 1 ( 0.001 1 ( < 0.001
Others 2.96 (1.58-5.56) 3.46 (1.97-6.07)

Lymphovascular invasion
Negative 1 ( 0.020 1 ( 0.017
Positive 4.08 (1.25-13.34) 3.10 (1.22-7.87)

No. of metastatic LNs
 3 1 ( 0.031 1 ( 0.001
> 3 2.08 (1.07-4.04) 2.65 (1.48-4.75)

Table 3. Multivariate analysis for DMFS and DFS

DMFS, distant metastasis-free survival; DFS, disease-free survival; HR, hazard ratio; CI, confidence interval; SqCC, squamous
cell carcinoma; LN, lymph node. a)p-value by Cox proportional hazard model with backward stepwise regression.

Fig. 2.  Distant metastasis-free survival (DMFS) (A) and disease-free survival (DFS) (B) curves according to the scoring system.
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Table 4. A scoring system for prediction of distant failure

SqCC, squamous cell carcinoma; LN, lymph node. 

Characteristic 0 1
Histology SqCC Others
Lymphovascular invasion Negative Positive
No. of metastatic LNs  3 > 3
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Some of well-known prognosticators such as bulky tumor
size, deep stromal invasion, positive RM, and PM involve-
ment for early cervical cancers did not affect survivals in the
present study. As those factors are mainly derived from sur-
gical series to establish indications of adjuvant treatment
[8,15,16], proper prognostic factors in early cervical cancers
with high risk features are currently unknown when stan-
dard treatment including radical surgery and postoperative
CRT were performed. Our findings suggest that prognosti-
cators for survivals in this specific setting would be different
from those in surgical series and should be defined sepa-
rately.

The LN status affects prognosis of patients and several 
parameters associated with LN status were suggested in the
previous studies. It is agreed that pN1 disease is a heteroge-
neous group in terms of the location and the tumor burden
of involved LN. Nodal staging system based on the number
of metastatic LNs is widely used in other cancers of breast,
stomach, and rectum [14]. In studies of patients with early
stage cervical cancer treated with radical surgery followed
by RT, some authors showed that the survival difference of
patients between with one mPLN and  2 was statistically
significant [7,15]. KROG1303 study showed that the hazard
of death increases continuously with the number of mPLNs
(up to 5) [11]. On the other hand, Tsai et al. [10] reported that
patients with only one mPLN had achieved similar outcomes
compared to those with pN0 (5-year DFS, 84% vs. 87%;
p=0.48), and patients with  2 mPLNs had lower survival
rates (87% vs. 61%, p < 0.001) than those with pN0. In the
present study, there was no significant difference in survival

between patients with pN0 and those with 1-3 mPLNs which
is higher cut-off value than Tsai et al. [10]. The main differ-
ence between two is that whether concomitant CTx was 
administered or not. Possible explanation of the observed
difference in the number of significant mPLN will be that the
risk of recurrence, especially distant failure, might be atten-
uated by concomitant CTx in patients with 2-3 mPLNs.

The number of mPLNs directly depends on the extent of
LN dissection. Inadequate LN dissection results in underes-
timation of LN metastasis. The prognostic advantage of LNR
as a surrogate for LN status, which reflects the number of
mPLN as well as the degree of LN dissection, has been rec-
ognized. Fleming et al. [17] reported decreased survivals in
patients with high LNR (6.6% for progression-free survival,
and 7.6% for OS) compared to those with low LNR in early
stage cervix cancer. Li et al. [18] and Polterauer et al. [19]
showed that the prognosis of patients with high LNR greater
than 10% was poor. The present study suggests a cutoff value
of 17% for LNR. As the median number of harvested LNs
was 26 in the current study, which is not much different from
the previous studies (Fleming et al. [17], median 19; Chen et
al. [20], median 26), relatively high LNR cutoff in our study
may be attributed to the improved survival of patients with
pN1 in our study. The 5-year OS of pN1 patients in the pres-
ent study was 84.9% which is higher than 22.4% (OS) in Chen
et al. [20]. Additionally, Fleming et al. [17] reported a 5-year
PFS of around 67% in patients with > LNR 6.6%, which is
similar to those with LNR > 16% in our study (68.3%). More
recently, Li et al. [18] and Zhou et al. [21] suggested cutoff
values of LNR as 20% and 17% which is consistent with our

Fig. 3. Nomogram predicting disease-free survival (DFS) (A) and calibration plot (B). SqCC, squamous cell carcinoma.  
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results.
LODDs reflects not only the extent of LN dissection, but

also negative LNs. It has the advantage of further discrimi-
nating patients with LNR close to zero or one [22]. For exam-
ple, if the number of mPLN is zero, the LNR will be zero 
regardless of the dissection extent, but the LODDs will vary 
depending on the number of negative LNs (S4 Fig.). It has
been studied actively in rectal and gastric cancers, but not in
cervical cancers. Kwon et al. [12] reported the prognostic 
superiority of LODDs to the number of mPLNs and LNR in
a patient group similar to our study, but it was limited due
to small number of patients. In the present study, LODDs
was a significant prognostic factor in univariate analysis, but
lost its significance in multivariate analysis. In order for
LODDs to acquire superior predictability, the number of neg-
ative LNs should be different among patients with mPLNs
 3 with or without recurrences, but there was no significant
difference (t test, p=0.458 for distant recurrence, p=0.2488 for
overall recurrence).

In addition to the number of mPLN, our study revealed
that LVI and histologic type were meaningful factors for pre-
dicting DFS as well as DMFS. The prognostic significance of
LVI has been reported in many studies including GOG 49 [8]
and is still an important prognosticator even after adjuvant
RT [23]. In addition, LVI has been reported to be significantly
associated with pelvic LN metastasis in stage IB cervical can-
cer [24]. Similarly, LVI was associated with mPLN (chi-
square test, p=0.002) in our study, but it was an independent
prognostic factor for both DMFS and DFS after adjusting 
interaction between two variables. These are in line with pre-
vious studies.

ADC in cervix cancer has been considered to have biolog-
ical aggressiveness and to be more resistant to adjuvant treat-
ment [25,26]. In the present study, ADC histology carried a
poor prognosis with 71.8% of DMFS and 61.8% of DFS at 
5 years compared to SqCC with 87.7% of DMFS and 84.1%
of DFS at 5 years, respectively. The significantly lower sur-
vivals of ADC are consistent with the findings of Hosaka et
al. [25] and Galic et al. [27]. In the study of Intaraphet et al.
[28], the risk of cancer-related death was significantly higher
in patients with small cell neuroendocrine carcinoma or ADC
than those with SqCC. Of note, an unfavorable prognosis of
ADC was observed only in advanced stages while there was
no significant survival difference in early stages [28]. More
recently, Winer et al. [29] also reported that equivalent sur-
vival outcomes regardless of histologic type were achieved
in patients with early stage cervix cancer. The discrepancies
between studies may be explained by the difference of 
patient characteristics: all patients in our study have early
stages, but belong to the high-risk group. It could be sup-
ported by the study of Mabuchi et al. [30] showing that ADC
was an independent poor prognostic factor for survivals in

intermediate- and high-risk group, but not in low-risk group
of patients with early cervical cancer. 

Our study is limited inherently by its retrospective nature:
the data were collected from 13 institutions in a retrospective
manner. It resulted in the following weakness: data on the
performance status of patients, pretreatment anemia, trans-
fusion, and treatment-related toxicities were missing and 
unable to analyze. In addition, favorable treatment outcomes
of our study may suggest a potential selection bias. However,
to the best of our knowledge, the present study is the largest
study focusing on early cervical cancer patients without clin-
ical LN involvement carrying high-risk factors who under-
went radical surgery followed by adjuvant CRT. For this
specific patient population, our study suggested three prog-
nostic factors including histologic type, LVI, and the number
of mPLN for DMFS and DFS, and provides simple scoring
system for predicting DMFS and DFS. It is worthwhile to
identify patient groups at risk of treatment failure despite
adjuvant CRT. 

In conclusion, the risk of recurrence, especially distant fail-
ure, remains high when adjuvant CRT is performed in 
patients with mPLNs > 3. New prognostic scoring system
consisted of mPLNs > 3, presence of LVI and non-SqCC is
suggested, and it could stratify patients according to risk of
recurrence in early cervix cancer with high-risk factors. Fur-
ther treatment options such as consolidative CTx after adju-
vant CRT should be considered to improve treatment
outcomes in patients having poor prognostic factors and
prospective trials are warranted.
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Medicine: An Analysis of the National Database from 2005 to 2016

Original Article

   Purpose
Not many studies have evaluated the adoption and dissemination of evidence-based med-
icine in rectal cancer radiotherapy (RT). We aimed to analyze the differences by institutional
characteristics and geography in adopting evidence-based care for rectal cancer RT and
factors affecting the adoption in Korea.

Materials and Methods
Korean National Health Insurance Service claims database was used. All rectal cancer 
patients treated with radical surgery and adjuvant RT at the same institution in 2005-2016
were included in this study. RT within 3 months before and after surgery was regarded as
preoperative and postoperative RT, respectively.

Results
A total of 16,827 patients treated in 83 institutions were included in the analysis. The use
of preoperative RT has substantially increased over time, from 40.6% in 2005 to 84.2% in
2016 all over the nation. The proportion of preoperative RT (54.8%) exceeded that of post-
operative RT (45.2%) in 2006. However, a wide range of institutional and regional variation
was observed. Compared to high-volume institutions, low-volume institutions showed late
adoption and variable dissemination patterns of preoperative RT. Busan–Ulsan–Gyeong-
sangnam-do and Gangwon-do showed slower adoption and less use of preoperative RT
than other region.

Conclusion
We demonstrated gradual and steady increase in adoption of preoperative RT in rectal can-
cer treatment nationally from 2005 to 2016. Institutional variations between high- and low-
volume institutions were observed. 
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Rectal neoplasms, Preoperative radiotherapy, 
Evidence-based medicine, Patterns of care
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Introduction

Postoperative radiotherapy (RT) with or without chemo-
therapy is offered to patients with locally advanced rectal
cancer to reduce local recurrences and to improve survival.
This is regarded as standard adjuvant treatment for patients
with locally advanced rectal cancer [1,2]. Preoperative irra-
diation provides several potential advantages over postop-
erative irradiation, including irradiation of nonhypoxic

tissue, minimizing radiation-induced injury to the small
bowel, and increasing the potential for sphincter-sparing sur-
gery [3]. Based on these rationales, three prospective ran-
domized trials (two in the United States and one in Germany)
comparing preoperative with postoperative chemoradiother-
apy (CRT) were initiated between 1993 and 1994. While two
U.S. trials did not accrue enough patients to draw any con-
clusion, the German Rectal Cancer Study Group reported
that preoperative CRT, as compared with postoperative CRT,
was associated with improved local control, increased rates



of sphincter preservation, and reduced treatment-related tox-
icities [4]. Since the German study published these outcomes
in 2004, preoperative CRT followed by surgical resection has
become the preferred treatment for patients with clinical
stage T3-4 or node-positive rectal cancer worldwide; there-
fore, was considered as practice-changing, high-level evi-
dence.

Practice of evidence-based medicine (EBM), by making
treatment decision on the basis of the reliable and up-to-date
evidence is the foundation of modern clinical medicine [5].
Although physicians are encouraged to learn new medical
knowledge with high level of evidence, there are few reports
regarding the adoption or dissemination of this knowledge
into real clinical practice in Korea. As for the treatment of 
locally advanced rectal cancer, a few research groups in the

United States were interested in implementation of evidence-
based treatment, which was the transition of practice from
postoperative to preoperative CRT, and found gradual 
increase of the use of preoperative RT instead of postopera-
tive RT analyzing Surveillance, Epidemiology, and End 
Results (SEER) database or National Cancer Database [3,6,7].

We aimed to investigate the adoption and dissemination
of EBM in the treatment of locally advanced rectal cancer in
Korean using claims data of National Health Insurance Serv-
ice (NHIS). Furthermore, we examined different patterns of
practice change over time according to the characteristics of
institutions and the region.

Cancer Res Treat. 2018;50(3):975-983

Reimbursement code
Name of radical surgery

LND(+) LND()
QA921 Q2921 Rectal and sigmoid resection–anterior resection
QA922 Q2922 Rectal and sigmoid resection–low anterior resection
QA923 Q2923 Rectal and sigmoid resection (abdomino-perineal resection)
QA924 Q2924 Rectal and sigmoid resection–abdominal pull through operation
QA925 Q2925 Total coloprotectomy–with ileostomy
QA926 Q2926 Total coloprotectomy (with ileal pouch-anal anastomosis)

Table 1. Korean National Health Insurance Service reimbursement codes for radical surgery of rectal cancer

LND, lymph node dissection.

Table 2. Korean National Health Insurance Service reimbursement codes for radiotherapy of rectal cancer
Reimbursement code Name of radiotherapy
HD061 3-Dimensional conformal therapy
HZ271 Intensity modulated radiation therapy
HD110 Fractionated stereotactic radiotherapy 
HD111 Body stereotactic radiosurgery–linear accelerator
HD121 Proton therapy 
HD211 Body stereotactic radiosurgery–cyber knife
HD051 Teletherapy–low energy–single port
HD052 Teletherapy–middle energy–single port
HD053 Teletherapy–high energy–single port
HD054 Teletherapy–low energy–paralled opposed ports
HD055 Teletherapy–middle energy–paralled opposed ports
HD056 Teletherapy–high energy–paralled opposed ports
HD057 Rotational irradiation–low energy
HD058 Rotational irradiation–middle energy
HD059 Rotational irradiation–high energy
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Materials and Methods

1. Data source

National claims data from NHIS of the Republic of Korea
(KNHIS) from 2005 to 2016 were analyzed. The NHIS data-
base covers over 98% of the Korean population for over 30
years [8]. Moreover, it has comprehensive information of the
diagnoses, treatments, procedures, surgical history, and pre-
scription records for all insured patients. In addition, the 
insured population, and their dependents are all required to
have periodic general health examinations [9].

This study was conducted as part of the Korean Health
Map research consortium (KNHIS-ATLAS, 20170603E6E)
sponsored by NHIS. 

2. Study population and operational definition

Data with the code C20, indicating rectal cancer according
to International Classification of Diseases, 10th edition, were
primarily screened. We set 2000-2004 as a washout period,
and newly diagnosed rectal cancer patients in 2005-2016
were included in study population to minimize confounding
effects of previously diagnosed rectal cancer.

As we intended to analyze the adoption of preoperative
RT according to institutions over time, 87 institutions with
radiation therapy capacity were identified first, and informa-
tion on each institution was collected without institution’s
identifier. With same reason, if a patient had surgery and RT
at different institutions, the patient was excluded in this
study. And then, the number of patients who had surgical
resection, preoperative RT, and postoperative RT was respec-
tively identified according to institutions and each year in
2005-2016. A total of seven geographical groups were 
defined based on administrative district. And each institu-
tion was regrouped in order to evaluate regional variation.

Radical surgical resection for rectal cancer mainly included
low anterior resection and abdomino-perineal resection
(Miles' Operation). KNHIS reimbursement code QA921-926
(with lymph node dissection) and Q2921-2926 (without
lymph node dissection) was used for selection of patients
(Table 1). Considering that preoperative RT ends 6-8 weeks
before surgery, postoperative RT starts 4-6 weeks after sur-
gery, and claim data is usually generated every month, RT
within 3 months before and after surgery was counted for
preoperative and postoperative RT, respectively. RT inclu-
ded all types of RT technique. KNHIS reimbursement code
HD061 (3-dimensional conformal therapy), HZ271 (intensity-
modulated RT, started reimbursed from July 2011), HD110,
HD111, HD121, HD211, HD051-059 was used for selection
of patients (Table 2). 

We assumed that the patients treated with surgery and 
adjuvant RT, whether preoperative or postoperative, were
locally advanced rectal cancer patients. Because, although
claim data we used do not have clinical information, the most
widely accepted indication of adjuvant RT for rectal cancer
is stage T3-4 or node-positive disease based on German trial’s
results.

Hae Jin Park, Patterns of Preoperative RT in Rectal Cancer

Table 3. Characteristics of 83 institutions

Four institutions without any adjuvant radiotherapy (RT)
for rectal cancer during study period were excluded. The
results were as of year 2016.

Characteristic No. of  institutions
Region

Seoul 25
Incheon–Gyeonggi-do 20
Daejeon–Chungcheong-do 7
Gwangju–Jeolla-do–Jeju-do 8
Busan–Ulsan–Gyeongsangnam-do 11
Daegu–Gyeongsangbuk-do 8
Gangwon-do 4

Tertiary hospital
Yes 42
No 41

No. of hospital beds
2,000-2,499 1
1,500-1,999 3
1,100-1,499 4
900-1,099 7
700-899 27
500-699 30
 499 11

No. of radiation oncologists
 6 6
4-5 10
3 21
2 25
1 21

No. of RT cases for 12 years
 1,000 6
500-999 0
300-499 7
200-299 10
100-199 22
50-99 12
10-49 21
1-9 5

Total 83
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3. Ethical statement

This study was approved by Institutional Review Board.
And, participant consent was not specifically obtained, 
because this study was based on collected administrative
data.

Results

A total of 16,827 rectal cancer patients in 83 institutions
treated with radical surgery and pre/postoperative adjuvant
RT in a same hospital over a 12-year period, from 2005 to
2016, were identified. Table 3 summarizes the characteristics
of all institutions capable of RT in Korea as of year 2016 (four

Cancer Res Treat. 2018;50(3):975-983

Fig. 1.  Proportion of rectal cancer patients who received preoperative radiotherapy (RT) by year of diagnosis. (A) National
average. (B) Six institutions > 1,000 cases/12 years. (C) Seven institutions with 300-499 cases/12 years. (D) Ten institutions
with 200-300 cases/12 years. Vertical axis indicates the number of preoperative RT divided by the number of preoperative
and postoperative RT and horizontal axis indicates year of diagnosis.
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institutions without any adjuvant RT cases for rectal cancer
during study period were excluded). Seoul and Incheon–
Gyeonggi-do has more than half institutions (46 of 83, 55.4%),
and about half capable of RT were tertiary hospitals. As of
2016, six institutions had more than six full-time radiation
oncologists, and more than half institutions had only one or
two. Six institutions treated more than 1,000 patients of sur-
gery and adjuvant RT over 12 years, of which four are located
in Seoul, one in Incheon–Gyeonggi-do, and one in Gwangju–
Jeolla-do–Jeju. Among seven institutions having 300-499
cases, four are located in Incheon–Gyeonggi-do, three in
Busan–Ulsan–Gyeongsangnam-do, one in Seoul, and one in
Daegu–Gyeongsangbuk-do.

1. Adoption and dissemination of preoperative RT 

The use of preoperative RT during the study period has
substantially increased over time, from 40.6% in 2005 to
84.2% in 2016 in all institutions across the country. Fig. 1A
showed a steep adoption of preoperative RT between 2005
and 2010. After 2010, the increasing use of preoperative RT
has become steady but less steep. The proportion of patients
who received preoperative RT (54.8%) exceeded the propor-
tion who received postoperative RT (45.2%) in 2006 (Fig. 1A). 

2. Institutional variation in dissemination of preoperative
RT

Table 4 presented proportion of patients who received pre-
operative RT by institutional characteristics. There were six
large-volume institutions, having treated more than 1,000
cases of surgery and adjuvant RT for 12 years. A total num-
ber of cases treated in these institutions were 7,298 (43.4% of
all cases). Fig. 1B-D presented increasing trends of the use of
preoperative RT according to the adjuvant RT cases during
study period. All the institutions exhibited overall increasing
trend over time, irrespective of the number of cases. In addi-
tion, relatively low-volume institutions showed relatively

late adoption of preoperative RT in Fig. 1D, the line steeply
increased after 2011.

However, there was an obvious institutional variation. Six
high-volume institutions showed gradual and steady 
increase in general (Fig. 1B). Interestingly, one of them con-
sistently showed low proportion of preoperative RT com-
pared to other five institutions as well as the national average
(Fig. 1A), and even decreasing tendency in use of preopera-
tive RT after 2013-2014. On the other hand, low-volume 
institutions showed drastic changes and wider range of vari-
ation in the use of preoperative RT. Among seven institutions
with 300-499 cases, three institutions started from top (93%-
100%) in 2005-2006, but two started from bottom (4%-16%).
The final proportion of receipt of preoperative RT in 2015-
2016 also showed wide variation from about 50% to 100%
(Fig. 1C). The next 10 institutions also showed drastic
changes and wide variation similar to the former seven 
institutions (Fig. 1D).

3. Regional variation in dissemination of preoperative RT

Significant regional variation was also observed when 
regrouped according to the location of each institution (Table 4).
National average showed an intersection between preoper-
ative and postoperative RT in 2006. Daejeon-Chungcheong
showed the fastest dissemination and reached over 80% in
2011-2012. On the other hand, Busan–Ulsan–Gyeongsang-
nam-do and Gangwon-do did not reached 50% of the use of
preoperative RT until 2008 (Fig. 2), and still showed about
70% in 2016, which was much lower proportion than the 
average use of preoperative RT (84.2% at 2016).

Cancer Res Treat. 2018;50(3):975-983

Fig. 2.  Dissemination of the use of preoperative radiotherapy by year of diagnosis and location of institutions.
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Discussion

EBM is an approach to decision making on the basis of the
reliable and up to date best evidence [5]. Early adoption and
provision of treatment with high-level of evidence is 
undoubtedly important. However, dissemination of EBM
into clinical practice has been recognized to be problematic
[3,10,11]. 

In 2004, German study group published results of a well-
designed randomized controlled trial preoperative RT was
associated with improved local control, increased rates of
sphincter preservation, and reduced treatment-related toxi-
cities. After this landmark study, preoperative CRT followed
by surgical resection has become regarded as a standard
treatment for locally advanced rectal cancer. This study pres-
ents the adoption and dissemination of EBM in cancer treat-
ment, by evaluating patterns of adjuvant RT for rectal cancer
treatment in Korea.

To our knowledge, this is the first study that shows the
transition of RT in rectal cancer in Korea, from postoperative
to preoperative. It is noteworthy that our data was obtained
by complete enumeration from Korean NHIS, which means
it was not sampled data. Our results demonstrate that the
use of preoperative RT substantially increased over 12 years,
from 40.6% in 2005 to 84.2% in 2016. The proportion of 
patients who received preoperative RT (54.8%) surpassed the
proportion who received postoperative RT (45.2%) in 2006.
Although the slope of EBM adoption became gradually less
steep over time, the change of practice pattern was irre-
versible. The changing pattern was concordant with results
from undermentioned studies [3,6,7].

A few research groups in the United States were interested
in implementation of evidence-based treatment, which was
the transition of practice from postoperative to preoperative
RT, and found gradual increase of the use of preoperative RT
instead of postoperative RT analyzing SEER database or 
National Cancer Database. The first study interested in 
implementation of evidence-based standards was performed
by Fitzgerald et al. [3]. They acquired data from the SEER 17
Registry which represents approximately 26% of the U.S.
population, and analyzed patients with stage II/III rectal
cancer between 1998 and 2007. In the 65% of patients who
did receive adjuvant RT, there was rapid adoption of preop-
erative approach. Only 17% of patients were treated with
preoperative RT in 1998, which increased to 51% by 2007. The
preoperative and postoperative RT intersected in 2002, after
which preoperative RT became the dominant treatment pat-
tern. Notably, this increasing trend of preoperative RT pre-
dated publication of prospective randomized data in 2004.
Another U.S. study by Murphy et al. [7] utilized randomly
sampled data from SEER program, and included patients 

diagnosed with stage II/III colorectal cancer in 1990-1991,
1995, 2000, 2005, and 2010. The proportion of patients who
received any RT (preoperative or postoperative) increased
from 45.5% in 1990-1991 to 66.1% in 2010. Receipt of preop-
erative RT substantially increased over time, from 2.8% in
1990-1991 to 47.3% in 2010. On the other hand, receipt of
postoperative RT increased from 42.7% in in 1990-1991 to
51.3% in 1995 and subsequently decreased to 18.8% in 2010.
The most recent study reporting trends of preoperative RT
by Reddy et al. [6] acquired data from the National Cancer
Database, and all patients diagnosed with rectal cancer from
1998 to 2011 were included. They also presented the use of
preoperative RT increased over the study period.

The choice between preoperative and postoperative RT for
locally advanced rectal cancer is generally entrusted to an 
institutional policy or at the discretion of the treating physi-
cian’s (typically surgeon’s), rather than the patients’ choice.
Therefore, we set institutions as a unit of analysis. Although
all institutions exhibited overall onwards and upwards trend
in adopting preoperative RT, there was obvious institutional
variation when stratified according to the number of treat-
ment cases for 12 years. The institutions having more cases
show gradual and steady increasing adoption of preopera-
tive RT. Interestingly, one of largest six institutions shows
consistent low proportion of preoperative RT, compared to
other institutions or national average (less than 50% in 2015-
2016). Presumably this institution has a narrow indication to
apply adjuvant RT before surgery. A few studies reported
similar findings to ours that volume and facility type of 
institution affected the adoption of preoperative RT in rectal
cancer treatment [6,13]. Reddy et al. [6] reported institutional
variation comparing academic and community institutions.
In 1998, 51% received preoperative RT in academic centers,
but 39% in community institutions. By 2011, 91% received

Hae Jin Park, Patterns of Preoperative RT in Rectal Cancer

Table 5. Comparison of study population with the num-
ber of cancer incident cases in Korea Central Cancer Reg-
istry

KCCR, Korea Central Cancer Registry (source: http://
www.ncc.re.kr/cancerStatsList.ncc?searchKey=total&sear
chValue=&pageNum=1) [12].

Year
No. of patients

KCCR Our study
2005-2006 17,345 2,239 (12.9)  
2007-2008 19,170 2,583 (13.5)
2009-2010 22,813 2,965 (13.0) 
2011-2012 25,253 3,315 (13.1) 
2013-2014 23,833 2,971 (12.5)
Total 108,414 14,073 (13.0)  
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Korea Central Cancer Registry (KCCR) provides annual
report of cancer statistics to the public. This report presents
the incidence of rectal cancer in Korea, which includes recto-
sigmoid junction cancer (C19) as well as rectal cancer (C20).
Table 5 compares study population to the number of cancer
incident cases in KCCR in 2005-2014 (KCCR data in 2015-
2016 is unavailable). It is reasonable that KCCR has much
more cases compared to ours. First, our study exclusively 
included rectal cancer (C20), because the role of adjuvant RT
for recto-sigmoid junction cancer (C19) is still controversial.
Second, adjuvant RT is indicated for locally advanced rectal
cancers, not for early or metastatic cancers. Third, only 
patients treated with surgery and RT at the same institution
included in our study. Importantly, 12.5%-13.5% of KCCR
cases were consistently included in the study population, 
regardless of year of diagnosis. It could be interpreted that
our dataset is stable and reliable enough to perform analyses,
and the results from our study could be generalized in 
Korean rectal cancer population.

We acknowledge several limitations of our study. First, our
data did not include all the rectal cancer patients treated with
surgery and adjuvant RT in 2005-2016, although the data for
the analysis was acquired via the whole Korean NHIS data-
base, not a sampled data. The patients who had surgery and
RT at different institutions were excluded in this study, 
because the unit of analysis was institutions. Considering not

a few patients receive adjuvant RT at another hospital 
because of residential area or no RT facility in the institution
which surgery was done, the exact number or proportion of
preoperative RT could not be presented. Second and perhaps
most important limitation was related to the nature of the
Korean NHIS data. Because it is basically claim data to get
reimbursement, clinical information such as cancer stage was
unavailable. The reason we pay attention to variation in EBM
dissemination is that a greater use of preoperative RT in an
institution may representative higher-quality cancer care.
Moreover, this quality of cancer care may affect patients’
treatment outcome. However, there is huge limitation to 
investigate that assumption without clinical information.
Therefore, the next step of our study group is to link Korean
NHIS data to KCCR data which has clinical information of
registered cancer patients. We hope that relationship 
between the dissemination of EBM and patients’ outcome
will be presented in the near future.

This is the first study to describe changing patterns of 
adjuvant RT adopting EBM for locally advanced rectal cancer
in Korea using a national database. Our findings clearly
demonstrated increasing adoption of preoperative RT over
12 years based on high-level evidence. However, institu-
tional variation was observed between high- and low-vol-
ume institutions. 
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COX2 Inhibitor on the Developments of Urological Malignancies: 
A Population-Based Study with 10-Year Follow-up Data in Korea
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   Purpose
The purpose of this study was to determine the impact of aspirin, nonsteroidal anti-inflam-
matory drugs (NSAIDs), statin, and cyclooxygenase 2 (COX-2) inhibitor on the development
of kidney, prostate, and urothelial cancers by analyzing the Korean National Health Insur-
ance Service–National Sample Cohort (NHIS-NSC) database.

Materials and Methods
Among a representative sample cohort of 1,025,340 participants in NHIS-NSC database in
2002, we extracted data of 799,850 individuals who visited the hospital more than once,
and finally included 321,122 individuals aged 40 and older. Following a 1-year washout 
period between 2002 and 2003, we analyzed 143,870 (male), 320,861 and 320,613 indi-
viduals for evaluating the risk of prostate cancer, kidney cancer and urothelial cancer devel-
opments, respectively, during 10-year follow-up periods between 2004 and 2013. The
medication group consisted of patients prescribed these drugs more than 60% of the time
in 2003. To adjust for various parameters of the patients, a multivariate Cox regression model
was adopted. 

Results
During 10-year follow-up periods between 2004 and 2013, 9,627 (6.7%), 1,107 (0.4%),
and 2,121 (0.7%) patients were diagnosed with prostate cancer, kidney cancer, and urothe-
lial cancer, respectively. Notably, multivariate analyses revealed that NSAIDs significantly
increased the risk of prostate cancer (hazard ratio [HR], 1.35). Also, it was found that aspirin
(HR, 1.28) and statin (HR, 1.55) elevated the risk of kidney cancer. No drugs were associ-
ated with the risk of urothelial cancer. 

Conclusion
In sum, our study provides the valuable information for the impact of aspirin, NSAID, statin,
and COX-2 inhibitor on the risk of prostate, kidney, and urothelial cancer development and
its survival outcomes. 

Key words
National Health Insurance Corporation Database, 
Prostate neoplasms, Kidney neoplasms, Urothelial cancer, 
Anti-inflammatory agents 
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Introduction

Aspirin, statins, and nonsteroidal anti-inflammatory drugs
(NSAID) are commonly prescribed drugs in the world [1].
Approximately 10% of the overall population in the United
States is prescribed statins, while its prevalence is increasing

to 45% in the older population aged 65 years and over [2].
Although these well-known drugs have their primary effec-
tiveness for the specific health problems, a growing amount
of evidence on the anti-cancer effects of these drugs has 
recently become available from preclinical and clinical inves-
tigations. 

Aspirin was associated with a lower risk of colorectal, gas-
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tric and breast cancer by regulating various signaling path-
ways, including cyclooxygenase (COX)-1 and -2, AMP-acti-
vated protein kinase, mammalian target of rapamycin, and
mitogen-activated protein kinase [3]. Statins (3-hydroxy-
3-methylglutaryl-coenzyme A reductase inhibitors) have
shown potential anti-neoplastic effects via inducing apopto-
sis, regulating cell cycle disturbance, and suppressing the
growth of tumors [4]. It was also demonstrated that long-
term use of NSAIDs reduced the risk of colorectal, lung, and
breast cancer development by exerting anti-apoptotic and
anti-proliferative effects [5]. 

In urological malignancies, several epidemiological studies
presented the beneficial effects of aspirin, NSAIDs, and
statins on the risk of cancer development, while other reports
suggest no benefits of these drugs. Therefore, the chemopre-
ventive effects of these anti-inflammatory drugs on urologi-
cal cancers still remain inconclusive [6,7]. Moreover, previ-
ous evidence was primarily based on the Western popula-
tion, which is usually different in genetic and environmental
background compared to Asian population, and the possi-
bilities of different responsiveness to the same type of drugs.

We aimed to clarify the impact of aspirin, NSAIDs, statins
and COX-2 inhibitors on the risk for kidney, prostate, and
urothelial cancers in the Korean population aged 40 and
older by analyzing the National Health Insurance (NHI) Cor-
poration database. 

Materials and Methods

In this study, we used the National Health Insurance Serv-
ice–National Sample Cohort (NHIS-NSC), which is a popu-
lation-based cohort developed by the National Health
Insurance Service (NHIS) in our country [8]. Among a rep-
resentative sample cohort of 1,025,340 participants in NHIS-
NSC database of 2002, we collected data from 799,850
individuals who visited the hospital more than once in 2002.
Of these participants, we only included 321,122 individuals
aged 40 and older as a total study population for evaluating
the risk of cancer development. We screened data with the
code C61, C64, and C65-67, indicating prostate, kidney, and
urothelial cancers, respectively, according to the National
Center for Health Statistics International Classification of
Diseases and Related Health Problems, 10th edition (ICD-
10). After a 1-year washout period between 2002 and 2003,
we excluded patients with pre-existing urological malignan-
cies, such as prostate cancer (PCa) (n=1,551), kidney cancer
(n=261), and urothelial cancer (n=509), before the study 
period. Among a total of 321,122 persons aged 40 and older,
we finally analyzed 143,870 male individuals for evaluating

the risk of PCa (group 1), as well as 320,861 and 320,613 
individuals for evaluating the risk of kidney cancer (group
2) and urothelial cancer (group 3) developments, respec-
tively, during 10-year follow-up periods from January 2004
to December 2013.

We reviewed the baseline demographics of patients as fol-
lows: age at diagnosis, insurance eligibility status, Charlson
Comorbidity Index (CCI), which is defined as the sum of
weights based on predetermined clinical status within the 
diagnosis year [9], participant’s income level, the prescrip-
tion of anti-inflammatory drugs (aspirin, NSAIDs, statin, and
COX2-inhibitor), and the diagnosis with prostate, kidney and
urothelial cancers during a 10-year follow-up period. We
classified the patients into two groups according to the use
of anti-inflammatory drugs (non-user vs. drug user). The
drug-using group was defined by their prescription of anti-
inflammatory drugs more than 60% of the time in 2003. 

We performed Kaplan-Meier analysis for estimating the
risk of prostate, kidney or urothelial cancer development
over a 10 period since 2003, according to the exposure of 
aspirin, NSAIDs, statins, or COX-2 inhibitors. A log-rank test
was used to determine the significant differences between
the drug-using and non-drug using groups. To adjust vari-
ous parameters of patients, including age distribution, sex,
insurance eligibility status, CCI, participant’s income level
and whether or not drug usage and drug types, the multi-
variate Cox proportional hazards model was applied to 
analyze the effects of each agent on the urological cancer 
occurrence. Two-sided p-values of less than 0.05 were 
regarded as statistically significant. The SAS software ver.
9.3 (SAS Institute Inc., Cary, NC) was used for statistical
analysis.

1. Ethical statement

The study was approved by the Institutional Review Board
of Seoul National University Hospital (IRB No. E-1608-015-
781) and performed in accordance with the principles of the
Declaration of Helsinki. The informed consent was waived.

Results

Baseline demographics of the overall population are pre-
sented in Table 1. Among the patients extracted from the
NHIS-NSC database of 2003, a total of 9,627 (6.7%), 1,107
(0.4%), and 2,121 (0.7%) patients were diagnosed with PCa,
kidney cancer and urothelial cancer, respectively, during a
10-year follow-up period between January 2004 and Decem-
ber 2013. Among four analyzed drugs, aspirin was most
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commonly prescribed in patients of group 1 (3.9%, n=5,652),
group 2 (3.7%, n=11,838), and group 3 (3.7%, n=11,835), 
respectively. We further classified the overall population into
three groups, such as never medication, partial medication
(less than 60%), and full medication (more than 60%), and
compared the baseline demographics according to the med-
ication types (S1 Table). 

We next examined the effects of aspirin, NSAIDs, statin
and COX-2 inhibitor on the risk of urological malignancies

by adjusting other clinical variables. Results are summarized
in Table 2. Of note, NSAID was identified as an independent
predictor for the increased risk of PCa (hazard ratio [HR],
1.35; 95% confidence interval [CI], 1.14 to 1.58), in addition
to older age, poor CCI and higher participant’s income level.
For kidney cancer, aspirin (HR, 1.28; 95% CI, 1.01 to 1.64) and
statin (HR, 1.55; 95% CI, 1.08 to 2.23) remained as the predic-
tive factors for the development of cancer, as well as for older
age, male sex, and poor CCI and higher participant’s income

Group 1 Group 2  Group 3
Variable (for prostate cancer) (for kidney cancer) (for urothelial cancer)

(n=143,870) (n=320,861) (n=320,613)
Age distribution (yr)

40-50 61,984 (43.1) 131,148 (40.9) 131,131 (40.9)
50-60 37,949 (26.4) 81,758 (25.5) 81,720 (25.5)
60-70 29,544 (20.5) 66,881 (20.8) 66,807 (20.8)
> 70 14,393 (10.0) 41,074 (12.8) 40,955 (12.8)

Sex
Female - 175,605 (54.7) 175,546 (54.7)
Male 143,870 (100) 145,256 (45.3) 145,067 (45.3)

Insurance eligibility status 
National Health Insurance 143,202 (99.5) 318,978 (99.4) 318,733 (99.4)
Medical aid 668 (0.5) 1,883 (0.6) 1,880 (0.6)

Charlson Comorbidity Index 
0 104,198 (72.4) 226,731 (70.7) 226,654 (70.7)
1  29,152 (20.3) 68,758 (21.4) 68,714 (2.4)
2 7,617 (5.3) 18,605 (5.8) 18,519 (5.8)
 3 2,903 (2.0) 6,767 (2.1) 6,726 (2.1)

Participant’s income level
1-4  37,394 (26.0) 92,025 (28.7) 91,949 (28.7)
5-8 58,049 (40.4) 125,171 (39.0) 125,095 (39.0)
9-10 48,427 (33.6) 103,665 (32.3) 103,569 (32.3)

Drug types 
Aspirin 5,652 (3.9) 11,838 (3.7) 11,835 (3.7)
NSAIDs 1,305 (0.9) 5,192 (1.6) 5,190 (1.6)
Statin 1,667 (1.2) 4,038 (1.3) 4,038 (1.3)
COX-2 inhibitors 131 (0.1) 536 (0.2) 535 (0.2)

No. of cancer development (2003-2013) 
Total 9,622 (6.7) 1,107 (0.4) 2,121 (0.7)
Person-year (/100,000/yr) 668.7 ( 34.5 ( 66.2 (

No. of deaths (2003-2013)
All-cause death 1,413 (14.6) 222 (20.1) 502 (23.6)
Cancer-specific death 164 (1.7) 81 (7.3) 154 (7.2)

Table 1. Baseline demographics of the overall populations for evaluating the risk of prostate cancer, kidney cancer, and
urothelial cancer development for 10 years

Values are presented as number (%). Overall population included all individuals who were recorded at the National Insurance
System in 2003 (n=799,850), particularly who were aged more than 40 years (n=321,122) as well as excluded those who were
already diagnosed with each of the cancers after 1-year wash out period. NSAID, nonsteroidal anti-inflammatory drug; COX-
2, cyclooxygenase 2.
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level. However, no drugs were associated with the risk of
urothelial cancer development, whereas older age, male sex,
and poor CCI were proved as the significant predictors for

cancer occurrence. 
These results were represented by the Kaplan-Meier analy-

sis for estimating the risk of prostate and kidney cancer 
according to the type of drugs used. As shown in Fig. 1, 
patients who take NSAIDs demonstrated a remarkably
higher cumulative incidence rate of PCa development com-
pared to those who did not take NSAIDs. When we classified
the overall population into three groups (non-user, partial,
and full medication), patients with full medication showed
a higher risk of PCa development than other two groups 
(S2 Fig.). In addition, Fig. 2 presents those patients who take
aspirin or statins, revealing significantly higher cumulative
incidence rates of kidney cancer developments compared to
their counterparts who were not prescribed aspirin or statins.
We also confirmed that patients with full medication of 
aspirin or statins had a higher risk of kidney cancer devel-
opment than partial medication and non-user groups 
(S3 Fig.).

Among patients diagnosed with prostate, kidney cancer
and urothelial cancer, respectively, during a 10-year follow-
up period, the numbers of all-cause and cancer-specific
deaths, respectively, are as follows: 1,413 (14.6%) and 164
(1.7%) in prostate cancer; 222 (20.1%) and 81 (7.3%) in kidney
cancer; 502 (23.6%) and 154 (7.2%) in urothelial cancer 
(Table 1). More importantly, Kaplan-Meier survival analyses
revealed that patients with full medication of NSAID showed
worse survival outcomes compared to other two medication
groups in patients with PCa (S4A Fig.). However, among

Fig. 2.  Kaplan-Meier analysis for estimating the risk of kidney cancer development over 10 years (2003-2013) according to the
prescription of aspirin (A) and statin (yes vs. no) (B), respectively. Log-rank tests were used to define the statistical differences
between the two groups.
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Fig. 1.  Kaplan-Meier analysis for estimating the risk of pro-
state cancer development over 10 years (2003-2013) accord-
ing to the prescription of nonsteroidal anti-inflammatory
drugs (NSAIDs; yes vs. no). Log-rank test was used to 
define the statistical differences between the two groups.
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kidney cancer, patients with full medication of aspirin, not
statins, had worse overall survival rates than partial medica-
tion and non-user groups (S4B and S4C Fig.). For cancer-spe-
cific survivals, there were no differences according to drug
types in all cancer types (data not shown). 

Discussion

To the best of our knowledge, our study was the first to
analyze the NHIS-NSC database of South Korea for deter-
mining the effects of aspirin, NSAIDs, statin and COX-2 
inhibitor on the risk of developing urological malignancies
(prostate, kidney and urothelial cancers). The key finding of
the current study was that NSAIDs were associated with 
increased risk of PCa (HR, 1.35), and aspirin (HR, 1.28) and
statin (HR, 1.55), were associated with a higher risk of kidney
cancer in the multivariate Cox regression analyses. Con-
versely, no drugs were identified as the independent predic-
tors for the risk of cancer occurrence in urothelial cancer. 

In contrast to our findings, preclinical studies have pro-
vided evidence on the inhibitory effects of NSAIDs on PCa
development and progression [10]. Mechanistically, NSAIDs
inhibited cancer cell growth and induced apoptotic cell death
via suppression of AKT signaling pathway and cell cycle
(G1) arrest in LNCaP and PC3 cells [11]. However, results of
other clinical studies are conflicting and inconsistent with
this. A nationwide study by Skriver et al. [12] analyzed
35,600 patients who were diagnosed with PCa between 2000
and 2012, and revealed that the exposure of NSAIDs signifi-
cantly increased the risk of localized PCa development (HR,
1.13; 95% CI, 1.10 to 11.15). In addition, a Finnish Prostate
Cancer Screening Trial examined the risk of PCa occurrence
in a total of 78,615 PCa patients, and confirmed that the risk
was significantly elevated in the population that was cur-
rently receiving NSAIDs (HR, 1.45). This was not seen in
those patients with a previous use of NSAIDs [13]. However,
a recent meta-analysis included 31 observational studies and
revealed that the use of any NSAIDs was not associated with
the risk reduction of overall PCa (HR, 0.90; 95% CI, 0.75 to
1.07) and advanced PCa (HR, 0.86; 95% CI, 0.52 to 1.40) inci-
dence [7]. Taken together, further well-designed studies are
required to determine the association between the use of
NSAIDs and the risk of PCa development.

For kidney cancer, Bosetti et al. [6] performed a meta-
analysis with 10 case-control and seven cohort studies, show-
ing no association between the regular use of aspirin and the
risk of kidney cancer diagnosis (HR, 1.14; 95% CI, 0.95 to
1.37). Choueiri et al. [14] reported the largest meta-analysis,
including 20 studies with 8,420 kidney cancer patients, and

found that the use of aspirin was not identified as an inde-
pendent predictor for kidney cancer development (HR, 1.10;
95% CI, 0.95 to 1.28). However, the exposure of aspirin was
associated with a significantly increased risk of kidney cancer 
development in the reports from non-U.S. countries (HR,
1.17; 95% CI, 1.04 to 1.33), consistent with our findings in the
present study. Conversely, there was no association between
the use of aspirin and an increased risk of kidney cancer (HR,
1.05; 95% CI, 0.81 to 1.36) in the studies from the U.S. More
interestingly, the authors also found that regular or any use
of NSAIDs was independently associated with an elevated
risk of the kidney cancer development (HR, 1.25; 95% CI, 1.06
to 1.46). Although aspirin proves itself as an effective agent
to prevent the development and recurrence of colorectal can-
cer, it may not be helpful in kidney cancer and can even be
harmful [15]. These conflicting results of aspirin use in dif-
ferent types of cancer are due to the differences in tissue-spe-
cific mechanisms on cancer prevention or the differences in
the underlying mechanisms of carcinogenesis according to
the type of malignancies. 

Many in vitro and in vivo studies have revealed the anti-
cancer effects of statins to inhibit growth and the progression
of cancer cells in various type of malignancies, such as lung,
colorectal, prostate and kidney cancers [16]. For example,
Fang et al. [17] reported that simvastatin significantly 
repressed cell growth of human renal cell carcinoma cells
(A498 and 786-O) via inhibiting the AKT, mammalian target
of rapamycin, ERK, and JAK2/STAT3 signaling pathways.
The authors revealed that simvastatin treatment reduced
growth, migration and invasion of tumors in renal cell carci-
noma xenograft models [17]. Moreover, the Nurses' Health
Study and Health Professionals Follow-Up Study with two
prospective cohorts provided evidence that the use of statin
was significantly associated with a decreased risk of renal
cell carcinoma development, particularly in patients without
the history of hypertension [18]. However, our results sug-
gested that there is a potential risk of kidney cancer devel-
opment in statin users. Similarly, a comprehensive meta-
analysis reviewing 12 articles showed that the overall and
long-term use of statins did not increase the risk of kidney
cancer, respectively [19]. A nationwide case–control study in
Denmark also demonstrated that long-term prescription of
statins did not increase the risk of renal cell carcinoma (HR,
1.06; 95% CI, 0.91 to 1.23) [20]. In this regard, the clinical 
results need to be further investigated to acquire the more
convincing evidence on the chemopreventive effects of statin
use in kidney cancer.

Interestingly, other key findings of the current study were
that no drugs were associated with the risk of urothelial can-
cer development. In the pooled analysis including three large
prospective trials with 508,842 patients, the regular exposure
of NSAIDs significantly reduced bladder cancer risk, partic-
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ularly in the population of non-smokers, while the use of 
aspirin was not associated with the risk of bladder cancer 
development [21]. Although a few observational studies
showed a protective effect of aspirin on bladder cancer 
development, a meta-analysis for three case-control and six
cohort studies also highlighted no association between the
regular use of aspirin and the risk of bladder cancer (HR,
0.95; 95% CI, 0.83 to 1.07) [6]. In a population-based case-con-
trol study with 325 patients with bladder cancer and 1,300
healthy controls, neither the beneficial nor the harmful 
impact of statins was confirmed on the risk of bladder cancer
development [22]. Additionally, Zhang et al. [23] performed
a meta-analysis by studying a total of 13 studies and sug-
gested that a statin prescription did not influence the risk of
bladder cancer occurrence in either the overall population or
subgroup analysis. 

We should discuss the several limitations of the current
study. First, despite the large study population, the retro-
spective nature of the study is the critical drawback, includ-
ing the susceptibility of selection bias, information bias with
insufficient data, frequently missing data on potential con-
founding factors, and the risk of follow-up loss. Second, only
limited clinical information could be retrieved from the 
national database and adjustments of well-known prognos-
ticators, such as smoking and obesity, were not included in
the multivariate analyses. Third, although pathologic fea-
tures of each urological cancer are also crucial for evaluating
oncological outcomes, no information of pathology was 
acquired from the National Database. Fourth, although the
effects of chemoprevention can depend on the overall accu-
mulation of drugs, we could not obtain the detailed informa-
tion of drug prescription, including dose and duration.
Finally, the disagreement between the medical records, such
as pathologic report, and the claims code from insurance
database can be existed, because the NHIS-NSC database
was not established for research purpose but for medical
service claims and reimbursement [24]. This has been
pointed out as one of the disadvantages of study by using
the NHIS-NSC cohort [24]. In this regard, there is a potential
risk of selection bias when study population is selected only

through the diagnostic code in claims. For example, the right
participant can be missing or the wrong participant can be
selected. To minimize the risk of this unavoidable bias, we
should try to validate the diagnostic accuracy of the claim
codes by using not only the diagnosis but also the history of
surgery, the medical cost for the cancer code, and prescrip-
tion of each cancer related drugs.

In conclusion, our results from the Korean NHIS-NSC
database revealed that NSAIDs increased the risk of PCa,
and the use of aspirin and statin elevated the risk of kidney
cancer occurrence, whereas no drugs were associated with
urothelial cancer risk. Additionally, the full medication of 
NSAIDs and aspirin diminished the overall survival, not can-
cer-specific survival, in patients with prostate and kidney
cancer, respectively. We provide the valuable information
for the effects of aspirin, NSAID, statin and COX-2 inhibitor
on the risk of prostate, kidney and urothelial cancer devel-
opment and associated survival outcomes in Korea. There-
fore, we believe that the present findings should be considered
when prescribing anti-inflammatory drugs in individuals
aged over 40 years. 
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Long Noncoding RNA HEIH Promotes Colorectal Cancer 
Tumorigenesis via Counteracting miR-939Mediated 
Transcriptional Repression of Bcl-xL

Original Article

   Purpose
Studies have found that long noncoding RNA HEIH (lncRNA-HEIH) is upregulated and facil-
itates hepatocellular carcinoma tumor growth. However, its clinical significances, roles, and
action mechanism in colorectal cancer (CRC) remains unidentified.

Materials and Methods
lncRNA-HEIH expression in CRC tissues and cell lines was measured by quantitative real-
time polymerase chain reaction. Cell Counting Kit-8, ethynyl deoxyuridine incorporation assay,
terminal deoxynucleotidyl transferase dUTP nick end labeling staining, and nude mice
xenografts assays were performed to investigate the roles of lncRNA-HEIH. RNA pull-down,
RNA immunoprecipitation, chromatin immunoprecipitation, and luciferase reporter assays
were performed to investigate the action mechanisms of lncRNA-HEIH.

Results
In this study, we found that lncRNA-HEIH is significantly increased in CRC tissues and cell
lines. lncRNA-HEIH expression is positively associated with tumor size, invasion depth, and
poor prognosis of CRC patients. Enhanced expression of lncRNA-HEIH promotes CRC cell
proliferation and decreases apoptosis in vitro, and promotes CRC tumor growth in vivo.
Whereas knockdown of lncRNA-HEIH inhibits CRC cell proliferation and induces apoptosis
in vitro, and suppresses CRC tumor growth in vivo. Mechanistically, lncRNA-HEIH physically
binds to miR-939. The interaction between lncRNA-HEIH and miR-939 damages the binding
between miR-939 and nuclear factor B (NF-B), increases the binding of NF-B to Bcl-xL
promoter, and promotes the transcription and expression of Bcl-xL. Moreover, Bcl-xL 
expression is positively associated with lncRNA-HEIH in CRC tissues. Blocking the interaction
between lncRNA-HEIH and miR-939 abolishes the effects of lncRNA-HEIH on CRC tumori-
genesis.

Conclusion
This study demonstrated that lncRNA-HEIH promotes CRC tumorigenesis through counter-
acting miR-939mediated transcriptional repression of Bcl-xL, and suggested that lncRNA-
HEIH may serve as a prognostic biomarker and therapeutic target for CRC.

Key words
Long noncoding RNA, Colorectal neoplasms, Tumorigenesis, 
miR-939, NF-B, Bcl-xL
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Introduction

Arising from the transformation of colon or rectum epithe-
lial cells, colorectal cancer (CRC) is one of the most common
malignancies worldwide and causes about 694,000 deaths

every year [1]. During the initiation and progression of CRC,
multiple germline and somatic mutations accumulated, par-
ticular for some critical oncogenes and tumor suppressors
[2,3]. With great advances of the understanding of CRC
pathogenesis, novel therapeutic strategies have been devel-
oped and greatly improved CRC patients’ prognosis, such as
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the molecularly targeted agents and immunotherapy [4].
However, the molecular mechanisms underlying CRC 
tumorigenesis are complex and many different driving
events contribute to these processes [5,6]. Further revealing
the underlying molecular mechanisms and developing more
efficient therapeutic interventions could significantly 
improve the outcome of CRC patients.

Accumulating genomic and transcriptomic sequencing 
results have uncovered that only small proportion of the
human genome is transcribed into protein-coding mRNAs,
whereas the majority of the genome is transcribed into non-
coding RNAs (ncRNAs) [7]. Among the ncRNAs, long non-
coding RNA (lncRNA) is a class of novel identified ncRNAs
with more than 200 nucleotides in length [8-10]. Recent evi-
dences have revealed that lncRNAs have important roles in
various pathophysiological processes, and are frequently
deregulated in many diseases, particular in cancers [11,12].
lncRNA-HEIH has been reported to be upregulated in hepa-
tocellular carcinoma (HCC) and facilitates HCC growth [13].
However, the clinical significances and roles of lncRNA-
HEIH in CRC are still unknown.

MicroRNA (miRNA) is another class of functionally 
important ncRNAs with 21-25 nucleotides in length [14,15].
miRNAs have important roles in the regulation of gene 
expression via binding with mRNAs at complementary sites,
and then inducing target mRNAs degradation and/or trans-
lational repression [16,17]. Except the well-known roles of
miRNAs in mRNAs, several reports have shown that miR-
NAs directly modulate gene transcription via binding to pro-
moters, enhancers, or transcription factors [18]. In our
previous study, we have found that miR-939 physically
binds to transcription factor nuclear factor B (NF-B), pre-
vents the binding of NF-B to the promoter of NF-B target
gene Bcl-xL, inhibits Bcl-xL transcription, and induces cell
death [19]. Intriguingly, using bioinformatics analysis, we
found three miR-939 binding sites on lncRNA-HEIH. There-
fore, in this study, we further explored the interaction 
between lncRNA-HEIH, miR-939, NF-B, and Bcl-xL. More-
over, we measured lncRNA-HEIH expression in CRC tissues
and cell lines, analyzed its association with clinicopatholog-
ical characteristics and prognoses of CRC patients. Using in
vitro and in vivo functional assays, we investigated the roles
of lncRNA-HEIH in CRC tumorigenesis. The contribution of
the interaction between lncRNA-HEIH and miR-939 to the
roles of lncRNA-HEIH were also detected.

Materials and Methods

1. Tissue specimens

A total of 84 paired CRC and adjacent normal mucosa tis-
sues were obtained with informed consent from CRC patients
who had received surgery at Zhujiang Hospital, Southern
Medical University (Guangzhou, Guangdong, China). All the
tissues were pathological diagnosed by the Department of
Pathology, Zhujiang Hospital. The fresh tissue specimens
were immediately frozen in liquid nitrogen until use. 

2. Cell lines and cell culture

The human colon normal epithelial cell line NCM460 and
CRC cell lines HT-29, SW480, HCT116, and LoVo were 
obtained from the Cell Bank of the Chinese Academy of Sci-
ences (Shanghai, China). NCM460 was maintained in Dul-
becco’s modified Eagle’s medium (Invitrogen, Carlsbad,
CA). HT-29 and HCT116 were maintained in McCoy's 5A
Medium (Sigma-Aldrich, St. Louis, MO). SW480 was main-
tained in L-15 Medium (Invitrogen). LoVo was maintained
in Ham's F-12K Medium (Invitrogen). All the cells were
grown in the above described medium supplemented with
10% fetal bovine serum (Invitrogen) at 37°C in a humidified
atmosphere with 5% CO2.

3. RNA extraction and quantitative real-time polymerase
chain reaction 

Total RNA was extracted from frozen tissues and culturing
cells with the TRIzol reagent (Invitrogen) in accordance with
the manufacturer’s protocol. Reverse transcription was per-
formed with the M-MLV Reverse Transcriptase (Invitrogen)
to produce the first strand cDNA. Quantitative real-time
polymerase chain reaction (qRT-PCR) was carried out with
the SYBR Premix Ex Taq II (Takara, Dalian, China) on an ABI
7500 Real-Time PCR System (Applied Biosystems, Foster
City, CA) in accordance with the manufacturer’s instructions.
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was
used as an endogenous control for lncRNA and mRNA. The
primers used are as follows: for lncRNA-HEIH, 5'-CCTCTT-
GTGCCCCTTTCT-3' (forward) and 5'-AGGTCTCATGGC-
TTCTCG-3' (reverse); for Bcl-xL, 5'-CGTGGAAAGCGTAG-
ACAAG-3' (forward) and 5'-AAGAGTGAGCCCAGCAGAA
-3' (reverse); and for GAPDH, 5'-GGTCTCCTCTGACTTC-
AACA-3' (forward) and 5'-GTGAGGGTCTCTCTCTTCCT-3'
(reverse). The expression of miR-939 and pri-miR-939 was
measured by qRT-PCR as above described, using TaqMan
MicroRNA Assay (Applied Biosystems) and TaqMan Pri-
miRNA Assay (Applied Biosystems) respectively, in accor-
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dance with the manufacturer’s protocols. The expression of
target genes was calculated using the comparative Ct
method.

4. Construction of vectors 

Full length transcript of lncRNA-HEIH was polymerase
chain reaction (PCR) amplified from cDNA using PrimeS-
TAR HS DNA polymerase (Takara) with the primers 5'-
GGGGTACCGTCCCCGCCCCCTGC-3' (forward) and 5'-
CGGGATCCCAAGGTTGGAAAATCCCACTTT-3' (reverse).
The PCR amplified product was inserted into the Kpn I and
BamH I sites of pcDNA3.1 (Invitrogen) and pSPT19 (Roche,
Mannheim, Germany) vector, termed pcDNA3.1-HEIH and
pSPT19-HEIH, respectively. The pcDNA3.1-HEIH and
pSPT19-HEIH with mutations in miR-939 binding sites was
synthesized by GenScript (Nanjing, China) and termed
pcDNA3.1-HEIH-mut and pSPT19-HEIH-mut, respectively.
Bcl-xL promoter region containing the NF-B binding sites
was PCR amplified from genomic DNA using PrimeSTAR
HS DNA polymerase (Takara) with the primers 5'-GGGG-
TACCCAAGATCCACCACCCTCCAA-3' (forward) and 5'-
CCCAAGCTTCCGTCTCTCCCGAACAAGC-3' (reverse),
and inserted into the Kpn I and Hind III sites of the luciferase
reporter pGL3-Basic (Promega, Madison, WI) vector, termed
pGL3-Bcl-xL-promoter. Two independent shRNAs specifi-
cally targeting lncRNA-HEIH were designed as previously
described [13], and then synthesized and inserted into the
SuperSilencing shRNA expression vector pGPU6/Neo
(GenePharma, Shanghai, China). The target sites of lncRNA-
HEIH shRNAs were 5'-GCGCCUUCCCUCUAACCUUAA-
3' and 5'-GGCAAGAUGAACGUCUGAAAU-3'. A scram-
bled shRNA was used as negative control for lncRNA-HEIH
shRNAs. 

5. Transfection of vectors and miR-939 inhibitors

miR-939 inhibitors and negative control were purchased
from GenePharma. The transfections of vectors and miR-939
inhibitors were performed with the Lipofectamine 3000 
(Invitrogen) in accordance with the manufacturer’s protocol.

6. Construction of stable cell lines

For the construction of lncRNA-HEIH or lncRNA-HEIH-
mut stably overexpressed HT-29 cells, pcDNA3.1-HEIH,
pcDNA3.1-HEIH-mut, and pcDNA3.1 was transfected into
HT-29 cells, and selected with neomycin (500 µg/mL) for
four weeks. For the construction of lncRNA-HEIH stably 
silenced LoVo cells, the lncRNA-HEIH shRNAs and control
shRNA were transfected into LoVo cells and selected with
neomycin (500 µg/mL) for 4 weeks.

7. Cell proliferation assay

Cell proliferation was evaluated using the Cell Counting
Kit-8 (CCK-8) assay and ethynyl deoxyuridine (EdU) incor-
poration assay. In brief, for CCK-8 assay, 2,000 indicated
CRC cells were seeded in 96-well plates. The absorbance at
450 nm was detected with a CCK-8 (Dojindo Laboratories,
Kumamoto, Japan) every 24 hours in accordance with the
manufacturer’s instructions. EdU incorporation assay was
carried out with an EdU Kit (Roche) in accordance with the
manufacturer’s instructions.

8. Cell apoptosis assay

Cell apoptosis was evaluated using the TdT-mediated
dUTP nick end labeling (TUNEL) assay with an In Situ Cell
Death Detection Kit (Roche) in accordance with the manu-
facturer’s instructions. The apoptotic cells were labeled with
green fluorescence, analyzed by fluorescence microscopy,
and counted of at least five high-power fields.

9. In vivo tumor growth assay

In brief, 3106 indicted CRC cells were subcutaneously 
injected into 5-weeks old female athymic BALB/c nude mice
(Laboratory Animal Services Centre, Southern Medical Uni-
versity). Subcutaneous tumor growth was detected every 7
days with a caliper for 28 days. The tumor volume was cal-
culated using the following formula: V=0.5ab2 (a, longitu-
dinal diameter; b, latitudinal diameter). The nude mice
experiments were performed in accordance with the guide-
lines for experimental animals of Zhujiang Hospital, South-
ern Medical University.

10. Immunohistochemistry and TUNEL staining

For immunohistochemistry staining of Ki-67, paraffin 
embedded tissue sections were deparaffinized, rehydrated,
followed by antigen retrieval. After Ki-67 specific primary
antibody (Cell Signaling Technology, Boston, MA) and a
horseradish peroxidase-conjugated secondary antibody 
(Invitrogen) incubation, the proteins in situ were visualized
with 3,3-diaminobenzidine. For TUNEL staining, paraffin
embedded tissue sections were dewaxed, rehydrated, pro-
tease treated, and permeabilized. Then TUNEL staining was
performed using an In Situ Cell Death Detection Kit (Roche).

11. RNA pull-down assay

lncRNA-HEIH and miR-939 binding sites mutated
lncRNA-HEIH (lncRNA-HEIH-mut) were in vitro tran-
scribed from pSPT19-HEIH, and pSPT19-HEIH-mut, respec-
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tively, using the SP6 RNA polymerase (Roche) and biotin-
labeled with the Biotin RNA Labeling Mix (Roche) in accor-
dance with the manufacturer’s protocols. After being treated
with RNase-free DNase I (Roche), the in vitro transcribed 
biotinylated RNA was purified using an RNeasy Mini Kit
(Qiagen, Valencia, CA). Then 3 µg of purified biotinylated
RNA was incubated with 1 mg of whole-cell lysates from
HT-29 cells for 1 hour at 25°C, followed by being retrieved
using the streptavidin agarose beads (Invitrogen). The RNA
present in the pull-down material was quantified by qRT-
PCR as previously described.

12. RNA immunoprecipitation assay

pcDNA3.1, pcDNA3.1-HEIH, or pcDNA3.1-HEIH-mut
was transfected into HT-29 cells. lncRNA-HEIH shRNA or
control shRNA was co-transfected with miR-939 inhibitors
or negative control into LoVo cells. 48 hours after transfec-
tion, the cells were used to undergo RNA immunoprecipita-
tion assay (RIP) assay with a NF-B specific antibody (5 µg
per reaction; Millipore, Bedford, MA) and the Magna RIP
RNA-Binding Protein Immunoprecipitation Kit (Millipore)
in accordance with the manufacturer’s protocol. The 
retrieved RNA was quantified by qRT-PCR as previously 
described.

13. Chromatin immunoprecipitation assay

pcDNA3.1, pcDNA3.1-HEIH, or pcDNA3.1-HEIH-mut
was transfected into HT-29 cells. lncRNA-HEIH shRNA or
control shRNA was co-transfected with miR-939 inhibitors
or negative control into LoVo cells. Forty-eight hours after
transfection, chromatin immunoprecipitation (ChIP) assay
was carried out using a NF-B specific antibody (5 µg per 
reaction, Millipore) and the EZ-Magna ChIP A/G Kit (Milli-
pore) in accordance with the manufacturer’s protocol. The
retrieved DNA was quantified by qRT-PCR as previously 
described with the primers 5'-CTCCTGTAAGCGAGTCTG-
3' (forward) and 5'-TCGTTGAGCTATTGTGATG-3' (rever-
se), which spanning the NF-B binding sites in Bcl-xL
promoter region.

14. Luciferase reporter assay

pcDNA3.1, pcDNA3.1-HEIH, or pcDNA3.1-HEIH-mut
was co-transfected with pGL3-Bcl-xL-promoter and pRL-TK
(Renilla luciferase expression vector, Promega) into HT-29
cells. lncRNA-HEIH shRNA or control shRNA was co-trans-
fected with miR-939 inhibitors or negative control, and
pGL3-Bcl-xL-promoter and pRL-TK into LoVo cells. Forty-
eight hours after transfection, luciferase activities were meas-
ured using Dual-Luciferase Reporter Assay System (Promega)

in accordance with the manufacturer’s protocol. The relative
firefly luciferase activity was normalized to Renilla luciferase
activity.

15. Western blot

pcDNA3.1, pcDNA3.1-HEIH, or pcDNA3.1-HEIH-mut
was transfected into HT-29 cells. lncRNA-HEIH shRNA or
control shRNA was co-transfected with miR-939 inhibitors
or negative control into LoVo cells. Forty-eight hours after
transfection, the proteins were retrieved from these cells
using RIPA buffer. Equal amounts of proteins were sepa-
rated by 12% sodium dodecyl sulfatepolyacrylamide gel
electrophoresis, transferred to nitrocellulose membrane, fol-
lowed by being blocked with 5% bovine serum albumin.
Next, the membranes were incubated with primary antibod-
ies specific for Bcl-xL (Abcam, Hong Kong, China) or
GAPDH (Cell Signaling Technology), and IRDye 800CW
goat anti-rabbit IgG or IRDye 700CW goat anti-mouse IgG
(Li-Cor Biosciences, Lincoln, NE), and being detected with
an Odyssey infrared scanner (Li-Cor Biosciences).

16. Statistical analysis

Results were analyzed using the GraphPad Prism Software
(San Diego, CA). Statistical comparisons were subjected to
Wilcoxon signed-rank test, Pearson chi-square test, log-rank
test, Student’s t test, Mann-Whitney U test, or Pearson cor-
relation analysis as indicated. p < 0.05 was considered as sta-
tistically significant.

17. Ethical statement

This study was conducted according to the principles 
expressed in the Declaration of Helsinki. This study was 
approved by the Ethics Committee of Zhujiang Hospital,
Southern Medical University (2015-PTWK-006). All tissues
were obtained with informed consent.

Results

1. lncRNA-HEIH is increased in CRC tissues and cell lines,
and correlated with poor outcome of CRC patients

The expression of lncRNA-HEIH in 84 paired CRC and 
adjacent normal mucosa was detected using qRT-PCR. The
result demonstrated that lncRNA-HEIH is significantly 
increased in CRC tissues compared with adjacent normal
mucosa (Fig. 1A). Then, the correlation between lncRNA-
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HEIH expression and clinicopathological characteristics was
analyzed in these CRC tissues. The results demonstrated that
high expression of lncRNA-HEIH is associated with tumor
size and invasion depth (T classification) (Table 1). A Kaplan-
Meier survival analysis demonstrated that high expression
of lncRNA-HEIH is correlated with poor overall survival
(Fig. 1B). Multivariate Cox proportional hazards regression

analysis further revealed that high expression of lncRNA-
HEIH in CRC tissues was an independent prognostic factor
for reduced overall survival (Table 2). Furthermore, the 
expression of lncRNA-HEIH in human colon normal epithe-
lial cell line NCM460 and CRC cell lines HT-29, SW480,
HCT116, and LoVo was also detected using qRT-PCR. The
result demonstrated that lncRNA-HEIH is increased in CRC

Fig. 1.  Long noncoding RNA HEIH (lncRNA-HEIH) is up-regulated in colorectal cancer (CRC) and indicts poor prognosis of
CRC patients. (A) The expression of lncRNA-HEIH in 84 paired CRC and adjacent normal mucosa was detected by quantitative
real-time polymerase chain reaction (qRT-PCR) and normalized to glyceraldehyde 3-phosphate dehydrogenase (GAPDH).
***p < 0.001 by Wilcoxon signed-rank test. (B) The 84 CRC patients were classified into two groups in accordance with the
median expression value of lncRNA-HEIH in CRC tissues. Kaplan-Meier survival analysis was performed to detect the asso-
ciation between lncRNA-HEIH expression level and overall survival. p=0.006 by log-rank test. (C) The expression of lncRNA-
HEIH in human colon normal epithelial cell line NCM460 and CRC cell lines HT-29, SW480, HCT116, and LoVo was detected
by qRT-PCR and normalized to GAPDH. Results are shown as mean±standard deviation from three independent experiments.
**p < 0.01, ***p < 0.001 by Student's t test.
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Characteristic
lncRNA-HEIH expression

p-value
Low (n=42) High (n=42)

Sex
Male 26 (31.0) 23 (27.4) 0.507
Female 16 (19.0) 19 (22.6)

Age (yr)
< 50 8 (9.5) 6 (7.1) 0.558
 50 34 (40.5) 36 (42.9)

Tumor site
Right colon 12 (14.3) 14 (16.7) 0.801
Left colon 10 (11.9) 11 (13.1)
Rectum 20 (23.8) 17 (20.2)

Tumor size (diameter in cm)
< 5 27 (32.1) 16 (19.0) 0.016*
 5 15 (17.9) 26 (31.0)

Differentiation
Good/Moderate 33 (39.3) 28 (33.3) 0.221
Poor 9 (10.7) 14 (16.7)

T classification
T1+T2 24 (28.6) 14 (16.7) 0.028*
T3+T4 18 (21.4) 28 (33.3)

N classification
N0 33 (39.3) 25 (29.8) 0.059
N1+N2 9 (10.7) 17 (20.2)

Table 1. Correlation between lncRNA-HEIH expression level and clinicopathological features in CRC patients

p-value was acquired by Pearson chi-square test. lncRNA-HEIH, long noncoding RNA HEIH; CRC, colorectal cancer. *Sta-
tistically significant (p < 0.05).

Variable
Univariate Cox’s regression analysis        Multivariate Cox’s regression analysis

Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value
lncRNA-HEIH (high vs. low) 2.550 (1.302-4.995) 0.006 1.456 (1.017-2.084) 0.040
Sex (male vs. female) 1.020 (0.727-1.430) 0.909 - -
Age (< 50 yr vs.  50 yr) 0.774 (0.460-1.304) 0.336 - -
Tumor site (colon vs. rectum) 1.176 (0.835-1.657) 0.354 - -
Tumor size ( 5 cm vs. < 5 cm) 1.819 (0.930-3.557) 0.080 - -
Differentiation (poor vs. good/moderate) 1.466 (1.045-2.057) 0.027 1.470 (1.045-2.069) 0.027
T classification (T3+T4 vs. T1+T2) 1.425 (1.004-2.020) 0.047 - -
N classification (N1+N2 vs. N0) 1.551 (1.110-2.166) 0.010 1.465 (1.040-2.065) 0.029

Table 2. Multivariate analysis of several variables for RFS and OS

p-value was acquired by Cox proportional hazards regression. RFS, recurrence-free survival; OS, overall survival; CI, con-
fidence interval; lncRNA-HEIH, long noncoding RNA HEIH.
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cell lines compared with human colon normal epithelial cell
line (Fig. 1C). Taken together, these results demonstrated that
lncRNA-HEIH is increased in CRC tissues and cell lines, and
correlated with tumor size, invasion depth, and poor prog-
nosis of CRC patients.

2. Enhanced expression of lncRNA-HEIH promotes CRC
growth in vitro and in vivo

To determine the effects of lncRNA-HEIH on CRC cellular
behavior, we transfected lncRNA-HEIH expression plasmid
pcDNA3.1-HEIH into HT-29 cells and acquired lncRNA-
HEIH stably overexpressed HT-29 cells (Fig. 2A). The CCK-

Fig. 2.  Enhanced expression of long noncoding RNA HEIH (lncRNA-HEIH) promotes colorectal cancer tumorigenesis. (A)
The expression of lncRNA-HEIH in lncRNA-HEIH stably overexpressed and control HT-29 cells was detected by quantitative
real-time polymerase chain reaction and normalized to glyceraldehyde 3-phosphate dehydrogenase. (B) Cell proliferation
rate of lncRNA-HEIH stably overexpressed and control HT-29 cells were detected by the Cell Counting Kit-8 assays. (C)
Proliferative cells of lncRNA-HEIH stably overexpressed and control HT-29 were labeled with ethynyl deoxyuridine (EdU).
Red color indicts EdU-positive cells. Scale bars=100 µm. (D) The level of apoptosis in lncRNA-HEIH stably overexpressed
and control HT-29 cells was detected by TdT-mediated dUTP nick end labeling (TUNEL) staining. Blue color indicts TUNEL-
positive cells. Scale bars=100 µm. For A-D, results are shown as mean±standard deviation (SD). from three independent 
experiments. **p < 0.01, ***p < 0.001 by Student's t test. (E, F) lncRNA-HEIH stably overexpressed and control HT-29 cells
were subcutaneously injected into nude mice. Tumor volumes were detected every 7 days (E). (Continued to the next page)
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8 assays demonstrated that enhanced expression of lncRNA-
HEIH significantly increases the rate of cell proliferation in
HT-29 cells (Fig. 2B). The EdU incorporation assays also
demonstrated that overexpression of lncRNA-HEIH pro-
motes HT-29 cell proliferation (Fig. 2C). The TUNEL staining
demonstrated that enhanced expression of lncRNA-HEIH
decreases the percentage of cells undergoing apoptosis in
HT-29 cells (Fig. 2D). The effects of lncRNA-HEIH on CRC
cellular behavior in vivo were also investigated. lncRNA-
HEIH stably overexpressed and control HT-29 cells were
subcutaneously injected into nude mice. The subcutaneous
tumor model demonstrated that tumors grew faster in 
HT-29/lncRNA-HEIH overexpression group compared with
HT-29/control group (Fig. 2E and F). Immunohistochemistry
staining of proliferation marker Ki-67 demonstrated that 
enhanced expression of lncRNA-HEIH increases the number
of cells undergoing proliferation in tumors formed from 
HT-29 cells (Fig. 2G). The TUNEL staining of subcutaneous
tumors demonstrated that enhanced expression of lncRNA-
HEIH decreases the number of cells undergoing apoptosis
(Fig. 2H). Taken together, these results demonstrated that 
enhanced expression of lncRNA-HEIH promotes CRC
growth in vitro and in vivo.

3. Knockdown of lncRNA-HEIH inhibits CRC growth in
vitro and in vivo

To completely investigate the effects of lncRNA-HEIH on
CRC cellular behavior, we transfected two independent
lncRNA-HEIH shRNAs into LoVo cells and acquired lnc-

RNA-HEIH stably knocked-down LoVo cells (Fig. 3A). The
CCK-8 assays demonstrated that knockdown of lncRNA-
HEIH by both shRNAs decreases the rate of cell proliferation
in LoVo cells (Fig. 3B). The EdU incorporation assays also
demonstrated that knockdown of lncRNA-HEIH by both
shRNAs inhibits LoVo cell proliferation (Fig. 3C). The TUNEL
staining demonstrated that knockdown of lncRNA-HEIH 
increases the percentage of cells undergoing apoptosis in
LoVo cells (Fig. 3D). The effects of lncRNA-HEIH knock-
down on CRC cellular behavior in vivo were further investi-
gated. lncRNA-HEIH stably silenced and control LoVo cells
were subcutaneously injected into nude mice. The subcuta-
neous tumor model demonstrated that tumors grew more
slowly in LoVo/lncRNA-HEIH knockdown group com-
pared with LoVo/control group (Fig. 3E and F). Immunohis-
tochemistry staining of Ki-67 demonstrated that knockdown
of lncRNA-HEIH decreases the number of cells undergoing
proliferation in tumors formed from LoVo cells (Fig. 3G). The
TUNEL staining of subcutaneous tumors demonstrated that
knockdown of lncRNA-HEIH increases the number of cells
undergoing apoptosis (Fig. 3H). Taken together, these results
demonstrated that knockdown of lncRNA-HEIH inhibits
CRC growth in vitro and in vivo.

4. lncRNA-HEIH physically associates with miR-939 and
suppresses the binding between miR-939 and NF-B

To explore the molecular mechanisms underlying the 
effects of lncRNA-HEIH on CRC cellular behavior, we per-
formed bioinformatics analysis by TargetScan and found

Fig. 2. (Continued from the previous page) Tumor weights were detected at the 28th day after injection (F). (G) Tumors gener-
ated from subcutaneous injection with lncRNA-HEIH stably overexpressed and control HT-29 cells were immunohistochem-
istry stained for Ki-67. Scale bars=50 µm. (H) The same tumors as in panel G were stained for TUNEL. Scale bars=100 µm.
For E-H, results are shown as mean±SD from six mice. **p < 0.01 by Mann-Whitney U test.
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three putative miR-939 response elements on lncRNA-HEIH
(Fig. 4A). To investigate whether lncRNA-HEIH could phys-
ically associates with miR-939, we carried out RNA pull-
down assays using in vitro transcribed biotinylated lncRNA-
HEIH. The RNA pull-down assays demonstrated that lnc-

RNA-HEIH specifically binds to miR-939 and the primary
miR-939 (pri-miR-939), and while mutation of the miR-939
response elements on lncRNA-HEIH abolishes the bin-
ding of lncRNA-HEIH to miR-939 and pri-miR-939 (Fig. 4B).
In our previous study, we found that miR-939 could physi-

Fig. 3.  Knockdown of long noncoding RNA HEIH (lncRNA-HEIH) inhibits colorectal cancer tumorigenesis. (A) The expres-
sion of lncRNA-HEIH in lncRNA-HEIH stably knocked-down and control LoVo cells was detected by quantitative real-time
polymerase chain reaction and normalized to glyceraldehyde 3-phosphate dehydrogenase. (B) Cell proliferation rate of
lncRNA-HEIH stably knocked-down and control LoVo cells were detected by the Cell Counting Kit-8 assays. (C) Proliferative
cells of lncRNA-HEIH stably knocked-down and control LoVo were labeled with ethynyl deoxyuridine (EdU). Red color
indicts EdU-positive cells. Scale bars=100 µm. (D) The level of apoptosis in lncRNA-HEIH stably knocked-down and control
LoVo cells was detected by TdT-mediated dUTP nick end labeling (TUNEL) staining. Blue color indicts TUNEL-positive
cells. Scale bars=100 µm. For A-D, results are shown as mean±standard deviation (SD) from three independent experiments.
*p < 0.05, **p < 0.01, ***p < 0.001 by Student’s t test. (E, F) lncRNA-HEIH stably knocked-down and control LoVo cells were
subcutaneously injected into nude mice. Tumor volumes were detected every 7 days (E). (Continued to the next page)
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cally bind to transcription factor NF-B and produce tran-
scriptional regulation of NF-B target gene Bcl-xL. Next, we
investigated whether the association between lncRNA-HEIH
and miR-939 influences the binding of miR-939 to NF-B. RIP
assays using NF-B specific antibody demonstrated that 
enhanced expression of lncRNA-HEIH significantly decrea-
ses the binding of NF-B to miR-939 and pri-miR-939, and
while mutation of the miR-939 response elements on lnc-
RNA-HEIH abolishes the effects of lncRNA-HEIH on the
binding of NF-B to miR-939 and pri-miR-939 (Fig. 4C). The
RIP assays also demonstrated that knockdown of lncRNA-
HEIH significantly increases the binding of NF-B to miR-
939 and pri-miR-939, and while inhibition of miR-939 
reverses the effects of lncRNA-HEIH knockdown on the
binding of NF-B to miR-939 and pri-miR-939 (Fig. 4D).
Taken together, these results demonstrated that lncRNA-
HEIH physically associates with miR-939 and suppresses the
binding between miR-939 and NF-B.

5. lncRNA-HEIH counteracts miR-939-mediated transcrip-
tional repression of Bcl-xL

In our previous study, we have found that through bind-
ing to NF-B, miR-939 decreases the occupancy of NF-B on
the promoter region of the Bcl-xL gene and transcriptionally
represses Bcl-xL expression [19]. Bcl-xL is a NF-B target and
has critical anti-apoptotic roles in many cancers [20]. Next,
we investigated the effects of lncRNA-HEIH on the transcrip-
tional regulation of Bcl-xL by miR-939. The ChIP assays

using NF-B specific antibody demonstrated that enhanced
expression of lncRNA-HEIH significantly increases the bind-
ing of NF-B to Bcl-xL promoter region, and while mutation
of the miR-939 response elements on lncRNA-HEIH abol-
ishes the effects of lncRNA-HEIH on the binding of NF-B
to Bcl-xL promoter (Fig. 5A). The ChIP assays also demon-
strated that knockdown of lncRNA-HEIH significantly 
decreases the binding of NF-B to Bcl-xL promoter region,
and while inhibition of miR-939 reverses the effects of
lncRNA-HEIH knockdown on the binding of NF-B to Bcl-
xL promoter (Fig. 5B). These data suggested that through
competitively binding to miR-939, lncRNA-HEIH promotes
the binding of NF-B to Bcl-xL promoter. Then, the luciferase
reporter assays were performed to investigate the effects of
lncRNA-HEIH on transcription activity of Bcl-xL. Bcl-xL pro-
moter region spanning the NF-B binding sites was inserted
into the luciferase vector. The luciferase reporter assays
demonstrated that enhanced expression of lncRNA-HEIH
significantly increases the luciferase activities of the construct
containing Bcl-xL promoter, and while mutation of the miR-
939 response elements on lncRNA-HEIH abolishes the 
increasing of the luciferase activities (Fig. 5C). The luciferase
reporter assays also demonstrated that knockdown of
lncRNA-HEIH significantly decreases the luciferase activities
of the construct containing Bcl-xL promoter, and while inhi-
bition of miR-939 reverses the decreasing of the luciferase 
activities (Fig. 5D). These data suggested that through com-
petitively binding to miR-939, lncRNA-HEIH increases the
transcription activity of Bcl-xL.

Fig. 3. (Continued from the previous page) Tumor weights were detected at the 28th day after injection (F). (G) Tumors gener-
ated from subcutaneous injection with lncRNA-HEIH stably knocked-down and control LoVo cells were immunohistochem-
istry stained for Ki-67. Scale bars=50 µm. (H) The same tumors as in panel G were stained for TUNEL. Scale bars=100 µm.
For E-H, results are shown as mean±SD from six mice. **p < 0.01 by Mann-Whitney U test.
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The effects of lncRNA-HEIH on the expression of Bcl-xL
were further detected by qRT-PCR and western blot assays.
The qRT-PCR assays demonstrated that enhanced expression
of lncRNA-HEIH significantly increases Bcl-xL mRNA lev-
els, which was abolished by the mutation of the miR-939 
response elements on lncRNA-HEIH (Fig. 5E). Knockdown
of lncRNA-HEIH significantly decreases Bcl-xL mRNA lev-

els, which was abolished by miR-939 inhibition (Fig. 5F).
Western blot assays demonstrated that enhanced expression
of lncRNA-HEIH significantly increases Bcl-xL protein lev-
els, which was abolished by the mutation of the miR-939 
response elements on lncRNA-HEIH (Fig. 5G). Knockdown
of lncRNA-HEIH significantly decreases Bcl-xL protein lev-
els, which was abolished by miR-939 inhibition (Fig. 5H).

Fig. 4.  Long noncoding RNA HEIH (lncRNA-HEIH) physically binds to miR-939 and counteracts the binding between miR-
939 and nuclear factor B (NF-B). (A) Schematic outlining the predicted miR-939 binding sites on lncRNA-HEIH. The red
nucleotides indict the seed sequences of miR-939. (B) HT-29 cell lysates were incubated with biotinylated lncRNA-HEIH or
the miR-939 binding sites mutated lncRNA-HEIH (lncRNA-HEIH-mut); after pull-down, RNAs were retrieved and detected
by quantitative real-time polymerase chain reaction (qRT-PCR), and normalized to input. (C) After transient transfection of
lncRNA-HEIH or lncRNA-HEIH-mut into HT-29 cells, RNA immunoprecipitation assay (RIP) assays with NF-B specific 
antibody were performed, and the retrieved RNA was detected by qRT-PCR and normalized to input. (D) After co-transfection
of lncRNA-HEIH knockdown plasmid and miR-939 inhibitors into LoVo cells, RIP assays with NF-B specific antibody were
performed, and the retrieved RNA was detected by qRT-PCR and normalized to input. Results are shown as mean±standard
deviation from three independent experiments. **p < 0.01 by Student's t test.
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Fig. 5.  Long noncoding RNA HEIH (lncRNA-HEIH) counteracts miR-939mediated transcriptional repression of Bcl-xL. (A)
After transient transfection of lncRNA-HEIH or lncRNA-HEIH-mut into HT-29 cells, chromatin immunoprecipitation (ChIP)
assays with nuclear factor B (NF-B) specific antibody were performed, and the retrieved DNA was detected by quantitative
real-time polymerase chain reaction (qRT-PCR) and normalized to input. (B) After co-transfection of lncRNA-HEIH knock-
down plasmid and miR-939 inhibitors into LoVo cells, ChIP assays with NF-B specific antibody were performed, and the 
retrieved DNA was detected by qRT-PCR and normalized to input. (C) After co-transfection of lncRNA-HEIH or lncRNA-
HEIH-mut and luciferase reporter containing Bcl-xL promoter into HT-29 cells, the luciferase activities were measured. Results
are shown as the relative ratio of firefly luciferase activity to Renilla luciferase activity. (D) After co-transfection of lncRNA-
HEIH knockdown plasmid, miR-939 inhibitors, and luciferase reporter containing Bcl-xL promoter into LoVo cells, the 
luciferase activities were measured. Results are shown as in panel C. (E) After transient transfection of lncRNA-HEIH or
lncRNA-HEIH-mut into HT-29 cells, Bcl-xL mRNA levels were detected by qRT-PCR and normalized to glyceraldehyde 
3-phosphate dehydrogenase (GAPDH). (F) After co-transfection of lncRNA-HEIH knockdown plasmid and miR-939 inhibitors
into LoVo cells, Bcl-xL mRNA levels were detected by qRT-PCR and normalized to GAPDH. (Continued to the next page)
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Taken together, these results demonstrated that lncRNA-
HEIH increases the transcription activity and expression of
Bcl-xL via competitively binding to miR-939 and suppressing
the binding between miR-939 and NF-B.

6. Bcl-xL expression is positively correlated with lncRNA-
HEIH expression in CRC tissues

The expression of Bcl-xL in the same 84 paired CRC and
adjacent normal mucosa was detected using qRT-PCR to 
determine whether Bcl-xL expression is associated with
lncRNA-HEIH expression in clinical tissue samples. The 
result demonstrated that Bcl-xL is also significantly increased
in CRC tissues compared with adjacent normal mucosa 
(Fig. 6A). A correlation analysis demonstrated that Bcl-xL 
expression level is positively correlated with that of lncRNA-
HEIH in CRC tissues (Fig. 6B).

7. The effects of lncRNA-HEIH on CRC tumorigenesis are
dependent on the binding to miR-939

To determine whether the effects of lncRNA-HEIH on
CRC tumorigenesis are dependent on the competitive bind-
ing to miR-939, we transfected miR-939 response elements
mutated lncRNA-HEIH expression plasmid into HT-29 cells
and acquired lncRNA-HEIH-mut stably overexpressed 
HT-29 cells with the same overexpression efficiency as
lncRNA-HEIH stably overexpressed HT-29 cells (Fig. 7A).
The CCK-8 assays demonstrated that the mutation of the
miR-939 response elements on lncRNA-HEIH abolishes the
increasing of the cell proliferation rate caused by lncRNA-
HEIH overexpression in HT-29 cells (Fig. 7B). The EdU 

incorporation assays also demonstrated that the mutation of
the miR-939 response elements on lncRNA-HEIH abolishes
the pro-proliferative effects of lncRNA-HEIH in HT-29 cells
(Fig. 7C). The TUNEL staining demonstrated that the muta-
tion of the miR-939 response elements on lncRNA-HEIH
abolishes the decreasing of the percentage of cells undergo-
ing apoptosis caused by lncRNA-HEIH overexpression in
HT-29 cells (Fig. 7D). The subcutaneous tumor model
demonstrated that the mutation of the miR-939 response 
elements on lncRNA-HEIH abolishes the pro-growth effects
of lncRNA-HEIH (Fig. 7E and F). Immunohistochemistry
staining of proliferation marker Ki-67 demonstrated that the
mutation of the miR-939 response elements on lncRNA-
HEIH abolishes the increasing of the number of cells under-
going proliferation in tumors formed from HT-29 cells
caused by lncRNA-HEIH overexpression (Fig. 7G). The
TUNEL staining of subcutaneous tumors demonstrated that
the mutation of the miR-939 response elements on lncRNA-
HEIH abolishes the decreasing of the number of cells under-
going apoptosis caused by lncRNA-HEIH overexpression
(Fig. 7H). Taken together, these results demonstrated that the
effects of lncRNA-HEIH on CRC tumorigenesis are depend-
ent on the competitively binding to miR-939.

Discussion

CRC is the third most common and one of the most fre-
quent cause of cancer-related death worldwide [1]. Increased
cell survival capability is critical during CRC tumorigenesis

Fig. 5. (Continued from the previous page)  (G) After transient transfection of lncRNA-HEIH or lncRNA-HEIH-mut into 
HT-29 cells, Bcl-xL protein levels were detected by western blot and normalized to GAPDH. (H) After co-transfection of
lncRNA-HEIH knockdown plasmid and miR-939 inhibitors into LoVo cells, Bcl-xL protein levels were detected by western
blot and normalized to GAPDH. Results are shown as mean±standard deviation from three independent experiments. 
**p < 0.01, ***p < 0.001 by Student's t test.
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and progression [21]. Previously, people mainly focused
their attentions on proteins with oncogenic or tumor-sup-
pressing roles, such as KRAS, p53, and adenomatous poly-
posis coli (APC) [22]. Recently, tens of thousands of non-
coding transcripts have been identified [23]. Many of these
non-coding transcripts showed attractive important roles in
cancers, which provides new opportunities for the diagnosis
and therapy of cancers [24]. A recently identified lncRNA
lncRNA-HEIH localizes at chromosome 5q35.3, is polya-
denylated, and has 1,681 nucleotides in length [13]. In this
study, we further explored the expression, clinical signifi-
cances, and roles of lncRNA-HEIH in CRC. We found that
lncRNA-HEIH is significantly up-regulated in CRC tissues
and cell lines, positively associated with tumor size and 
invasion depth, and indicts poor prognosis of CRC patients.
In vitro and in vivo functional experiments demonstrated that
enhanced expression of lncRNA-HEIH promotes CRC cell
proliferation, decreases CRC cell apoptosis, and promotes
CRC tumor growth in vivo. Whereas knockdown of lncRNA-
HEIH inhibits CRC cell proliferation, induces CRC cell apop-
tosis, and suppresses CRC tumor growth in vivo. These data
suggest that up-regulated lncRNA-HEIH functions as an
oncogene in CRC, and imply that lncRNA-HEIH may be a
potential prognostic biomarker and therapeutic target for
CRC.

The action mechanisms of lncRNAs are complex. lncRNAs
could physically bind to DNA, proteins, mRNAs, or miR-

NAs, and change the expression, localization, and function
of the binding partners [11]. Among the diverse action mech-
anisms, the competitive bindings to miRNAs of lncRNAs are
increasingly reported [8]. Through competitively binding
common miRNAs, lncRNAs relieve the degradation and/or
translation repression of targeted mRNAs caused by the
common miRNAs. However, accumulating evidences reveal
that, except the roles of miRNAs in the cytoplasm, miRNAs
are also found in the nucleus [25]. These nuclear miRNAs
could activate or repress gene transcription via binding to
promoters, enhancers or transcription factors. In our previ-
ous study, we have revealed that miR-939 physically binds
to NF-B, exerts decoy-like actions to prevent the binding 
between NF-B and the promoter of its target gene Bcl-xL,
and further represses Bcl-xL transcription [19]. Interestingly,
we identified three miR-939 binding sites on lncRNA-HEIH.
RNA pull-down assays confirmed the interaction between
lncRNA-HEIH and miR-939. RIP and ChIP assays demon-
strated that the interaction between lncRNA-HEIH and miR-
939 damages the binding between miR-939 and NF-B,
counteracts the effects of miR-939 on the binding between
NF-B and Bcl-xL promoter. Luciferase reporter assays, qRT-
PCR, and western blot showed that the interaction between
lncRNA-HEIH and miR-939 counteracts the effects of miR-
939 on the transcription and expression of Bcl-xL. Further-
more, the expression of Bcl-xL is positively associated with
that of lncRNA-HEIH in CRC tissues. Blocking the interac-

Fig. 6.  Bcl-xL mRNA level is positively correlated with long noncoding RNA HEIH (lncRNA-HEIH) expression level in col-
orectal cancer (CRC) tissues. (A) Bcl-xL mRNA levels in 84 paired CRC and adjacent normal mucosa were detected by quan-
titative real-time polymerase chain reaction and normalized to glyceraldehyde 3-phosphate dehydrogenase. ***p < 0.001 by
Wilcoxon signed-rank test. (B) The correlation between lncRNA-HEIH and Bcl-xL expression levels in 84 CRC tissues was
detected by Pearson correlation analysis.
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Fig. 7.  The mutation of miR-939 binding sites on long noncoding RNA HEIH (lncRNA-HEIH) abolished the effects of
lncRNA-HEIH on colorectal cancer tumorigenesis. (A) The expression of lncRNA-HEIH in lncRNA-HEIH or lncRNA-HEIH-
mut stably overexpressed and control HT-29 cells was detected by quantitative real-time polymerase chain reaction and nor-
malized to glyceraldehyde 3-phosphate dehydrogenase. (B) Cell proliferation rate of lncRNA-HEIH or lncRNA-HEIH-mut
stably overexpressed and control HT-29 cells were detected by the Cell Counting Kit-8 assays. (C) Proliferative cells of
lncRNA-HEIH or lncRNA-HEIH-mut stably overexpressed and control HT-29 were labeled with ethynyl deoxyuridine
(EdU). Red color indicts EdU-positive cells. Scale bars=100 µm. (D) The level of apoptosis in lncRNA-HEIH or lncRNA-
HEIH-mut stably overexpressed and control HT-29 cells was detected by TdT-mediated dUTP nick end labeling (TUNEL)
staining. Blue color indicts TUNEL-positive cells. Scale bars=100 µm. For A-D, results are shown as mean±standard deviation
(SD) from three independent experiments. **p < 0.01, ***p < 0.001 by Student's t test. (E, F) lncRNA-HEIH or lncRNA-HEIH-
mut stably overexpressed and control HT-29 cells were subcutaneously injected into nude mice. Tumor volumes were 
detected every 7 days (E). (Continued to the next page)
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tion between lncRNA-HEIH and miR-939 by the mutation of
miR-939 binding sites on lncRNA-HEIH abolishes the bio-
logical effects of lncRNA-HEIH on CRC tumorigenesis.
These data suggest that lncRNA-HEIH promotes CRC 
tumorigenesis through counteracting the roles of miR-939.
Except for Bcl-xL, miR-939 has been reported to regulate the
expression of SLC34A2, APC2, and VE-cadherin in other can-
cers [26]. Through binding to miR-939, whether lncRNA-
HEIH also regulates the expression of these miR-939 targets
in CRC needs further investigation. Metastasis is the com-
mon reason of CRC patients’ death. Whether lncRNA-HEIH
regulates the proliferation and/or apoptosis of metastatic
CRC cells in a similar manner also needs further investiga-
tion. Furthermore, whether there is correlation between
lncRNA-HEIH and well-known genes of colon cancer car-
cinogenesis such as KRAS, p53, and APC is not clear and also
needs further investigation.

In conclusion, our study showed that lncRNA-HEIH is 

up-regulated in CRC tissues and cell lines, associated with
tumor size, invasion depth, and poor outcome of CRC 
patients, promotes CRC cell proliferation and inhibits CRC
cell apoptosis in vitro, and promotes CRC tumor growth in
vivo via counteracting miR-939mediated transcriptional 
repression of Bcl-xL. Our results suggested that lncRNA-
HEIH may be a novel diagnostic biomarker and therapeutic
target for CRC.
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Fig. 7. (Continued from the previous page)  Tumor weights were detected at the 28th day after injection (F). (G) Tumors gener-
ated from subcutaneous injection with lncRNA-HEIH or lncRNA-HEIH-mut stably overexpressed and control HT-29 cells
were immunohistochemistry stained for Ki-67. Scale bars=50 µm. (H) The same tumors as in panel G were stained for TUNEL.
Scale bars=100 µm. For E-H, results are shown as mean±standard deviation from six mice. **p < 0.01 by Mann-Whitney U
test.
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Purpose
Glioblastoma (GBM) is classified as one of the most aggressive and lethal brain tumor. Great
strides have been made in understanding the genomic and molecular underpinnings of
GBM, which translated into development of new therapeutic approaches to combat such
deadly disease. However, there are only few therapeutic agents that can effectively inhibit
GBM invasion in a clinical framework. In an effort to address such challenges, we have gen-
erated anti-SEMA3A monoclonal antibody as a potential therapeutic antibody against GBM
progression.

Materials and Methods
We employed public glioma datasets, Repository of Molecular Brain Neoplasia Data and The
Cancer Genome Atlas, to analyze SEMA3A mRNA expression in human GBM specimens. We
also evaluated for protein expression level of SEMA3A via tissue microarray (TMA) analysis.
Cell migration and proliferation kinetics were assessed in various GBM patient-derived cells
(PDCs) and U87-MG cell-line for SEMA3A antibody efficacy. GBM patient-derived xenograft
(PDX) models were generated to evaluate tumor inhibitory effect of anti-SEMA3A antibody in
vivo. 

Results
By combining bioinformatics and TMA analysis, we discovered that SEMA3A is highly 
expressed in human GBM specimens compared to non-neoplastic tissues. We developed
three different anti-SEMA3A antibodies, in fully human IgG form, through screening phage-
displayed synthetic antibody library using a classical panning method. Neutralization of
SEMA3A significantly reduced migration and proliferation capabilities of PDCs and U87-MG
cell line in vitro. In PDX models, treatment with anti-SEMA3A antibody exhibited notable
tumor inhibitory effect through down-regulation of cellular proliferative kinetics and tumor-
associated macrophages recruitment.

Conclusion
In present study, we demonstrated tumor inhibitory effect of SEMA3A antibody in GBM pro-
gression and present its potential relevance as a therapeutic agent in a clinical framework. 

Key words
Glioblastoma, Semaphorin-3A, Neutralization, 
Fully human antibody
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Introduction

Glioma are categorized according to their grade based on
histological and pathological features based on World Health
Organization (WHO) classification. Glioblastoma (GBM,
WHO grade IV glioma) is the most aggressive malignant pri-
mary brain tumor [1,2]. Current standard regimen consists
of surgical resection followed by radiation and chemother-
apy [3,4]. Despite such aggressive treatment option, the 
average survival of GBM patients spans only 1-2 years [4],
requiring a new therapeutic approach. 

Dynamic interaction between ligand and its partner recep-
tor regulates essential cellular functions including cell sur-
vival, proliferation, and migration [5]. In cancerous tissues,
including GBM, a multitude of ligand-receptor signaling axis
are frequently dysregulated, resulting in tumor malignancy
and dismal prognosis [6]. Recent large-scale genomic studies
have revealed a catalog of core oncogenic pathways that are
frequently activated in tumor progression including receptor
tyrosine kinases that encompass epidermal growth factor 
receptor (EGFR), platelet-derived growth factor receptor, and
c-MET [7,8]. As tumor cells often depend on oncogenic sig-
naling pathways for survivability, inhibition of these path-
ways has been recognized as a potential therapeutic
approach. Antibody-mediated therapy has been a promising
approach, as shown by its clinical success involving anti-
EGFR antibodies [9]. Currently, 13 Food and Drug Admini-
stration approved antibodies have been translated into a clin-
ical course and newly developed antibodies are currently
being evaluated in various stages of clinical trials [10].

Semaphorins are able to regulate cell to cell interaction and
differentiation [11]. There are 20 types of mammalian sema-
phorins which are categorized into five classes (classes 3-7)
according to their molecular structures [12]. Among five
classes, only class 3 Semaphorins are secreted proteins,
whereas the rest are produced as membrane-anchored or
transmembrane proteins [13]. Semaphorin3A (SEMA3A) is
widely known as an axon guidance factor; however, recent
studies have demonstrated its oncogenic roles in various can-
cer types [14-16]. In pancreatic cancer, SEMA3A promotes
dissemination and invasion through activation of multiple
pathways involving Rac1, GSK3, and p42/p44 mitogen-acti-
vated protein kinase (MAPK) [17]. In addition, autocrine
SEMA3A in GBM promotes cell dispersal by modulating
substrate adhesion and elevates vascular permeability, 
resulting in tumor-promoted vascular leakage in vitro and in
vivo [18,19]. SEMA3A in hepatocellular carcinoma functions
as a chemoattractant involved in tumor-associated macro-
phages (TAM) infiltration and promotes tumor proliferation
and migration [20]. These studies suggest SEMA3A as a 
potential therapeutic target in suppressing cancer prolifera-

tion and invasion. However, development of SEMA3A tar-
geting antibody has not been initiated. In present study, we
generated fully human antibody that targets SEMA3A.
Phage display technology has been widely employed for
high-throughput generation of antibodies [21,22]. Through
a single chain fragment variant (scFv) phage display screen,
we isolated anti-SEMA3A scFvs. Using the Expi293F Expres-
sion System (Thermo Fisher Scientific, Waltham, MA), we 
established three different fully human anti-SEMA3A IgG
antibodies and determined their therapeutic efficacy in GBM.

Materials and Methods

1. Statistical analysis

Expression profiling of Repository of Molecular Brain Neo-
plasia Data (REMBRANDT) glioma dataset were down-
loaded as CEL files. Expression levels of each sample were
summarized per each gene using Affymetrix U133 Plus 2.0
array annotation file (Affymetrix, Santa Clara, CA). SEMA3A
mRNA expression levels by WHO glioma grade were statis-
tically compared via student t test. For The Cancer Genome
Atlas (TCGA) GBM data set, Kaplan-Meier survival analysis
was available from cBioPortal (http://www.cbioportal.org/). 

2. Screening of anti-SEMA3A scFv

We performed selection of SEMA3A-binding phage scFv
via classical panning method using synthetic human scFv
phage library. The antigens that were used for panning were
recombinant human SEMA3A (rhSEMA3A)/Fc chimeric
protein (R&D Systems, Minneapolis, MN) and Erbitux (Eli
Lilly, Indianapolis, IN). Immunotubes (Nunc, Rochester, NY)
were coated with 5 µg/mL of rhSEMA3A/Fc chimeric pro-
tein (R&D Systems) in phosphate buffered saline (PBS) for 1
hour at 37°C. After blocking the tube with 3% skim milk/
PBS, Erbitux was added and incubated for 1 hour in room
temperature during the binding step to eliminate scFvs that
specifically bind to the Fc portions of rhSEMA3A/Fc. Bound
phage-scFvs were eluted from the tube by adding 1 mL of
100 mM triethylamine and neutralized by adding 0.5 mL of
1.0 M Tris-HCl (pH 7.4). For the rescue step, eluted phage-
scFvs were infected into 10 mL of Escherichia coli, ER2537 cells
in Super Broth medium. 

3. Production and purification of anti-SEMA3A IgG 

The Expi293F expression system (Thermo Fisher Scientific)
was used for anti-SEMA3A IgG production. Using HiTrap
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protein G HP (5 mL) of ÄKTA Protein Purification System
(GE Healthcare, Barrington, IL) purified anti-SEMA3A anti-
bodies were concentrated by Amicon Ultra Centrifugal Filter
(Merck Millipore, Burlington, MA). The produced anti-
SEMA3A IgGs were evaluated by size exclusion high-perfor-
mance liquid chromatography analysis and sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) for
aggregation and degradation. In vivo experiment was further
tested by LAL endotoxin quantitation kit (QCL-1000, Lonza,
Basel, Switzerland).

4. ELISA

The flat bottom 96-well plates (Costar, Corning, New York,
NY) were coated with 1 µg/mL of human, mouse recombi-
nant protein (R&D Systems), Erbitux (IMC-C225), and
bovine serum albumin (BSA; NEB, Ipswich, MA) overnight
at 4°C. Plates were washed with PBST (0.1%) and blocked
with 3% skim milk (BD Difco, Franklin Lakes, NJ) solution.
The anti-SEMA3A scFvs and IgGs were incubated for 1 hour
in room temperature. After washing with PBST (0.1%), anti-
HA antibody conjugated to horseradish peroxidase (HRP;
scFv) and the anti-human Fab antibody conjugated to HRP
(IgG) were added for 1 hour in room temperature. Following
washing step, each well was detected with tetramethylben-
zidine (TMB) solution as HRP substrate for 5-25 minutes. The
stop solution for TMB reaction was added and enzyme-
linked immunosorbent assay (ELISA) plate was analyzed at
450 nm. 

5. Patient-derived GBM specimens

GBM specimens were obtained from patients undergoing
surgery based on consent in accordance with the appropriate
Institutional Review Boards. Patient-derived GBM cells were
cultured in the Neurobasal-A medium (NBA) [23].

6. Proliferation assay

Using a 96-well plate (Corning), GBM patient cells (5103

cells/well) were seeded into 100 µL of NBA medium and
SEMA3A IgG or control human IgG (Thermo Fisher Scien-
tific) were given for 3 days. After 6 and 9 days, 10 µL of 
EZ-Cytox (Daeil Lab, Seoul, Korea) was added to the plates
and incubated for 2 hours. The optical density was measured
at 450 nm using a microplate reader (Bio-Rad, Hercules, CA).
The cells were plated in quintuplicate.

7. Migration assay

Migration assays were performed using the Transwell sys-
tem, in which the upper chambers of the transwells were

coated with poly-L-ornithine for 1 hour and dried. 1105

GBM cells in 100 µL of media without any growth factors
were seeded into the upper chambers and the lower chamber
was filled with 600 µL of medium including growth factors.
The anti-SEMA3A antibodies (scFv, 50 µg/mL; IgG, 10 µg/
mL) were added into the upper chambers and lower cham-
bers and transwells were incubated for 24 hours at 37°C.
Next day, migrated cells on the lower surface of the upper
chamber were fixed with methanol and stained with hema-
toxylin and eosin. The numbers of migrated cells were
counted in eight different regions of the chambers that were
selected randomly. The Oris cell migration assay (Platypus
Technologies, Fitchburg, WI) was processed to evaluate anti-
SEMA3A antibody effect in a dose-dependent manner and
U87-MG (5103 cells/well) cells were seeded in a 96-well
plate. After 24 hours, migrated cells were quantified with
Calcein AM fluorescent dye stained.

8. Subcutaneous xenograft tumor models

Patient-derived cells (PDCs) were injected into the subcu-
taneous region of 6-week-old female BALB/c nude mice. The
tumor bearing mice were regrouped when mass volume
reached at average of 80 mm3. Anti-SEMA3A antibody F11
and PBS were administered via intravenous injection. Mice
with body weight loss greater than 20% were sacrificed. 

9. Immunofluorescence analysis

Subcutaneous tumors were fixed in 5% paraformaldehyde
and embedded in paraffin. Serial sections were stained with
anti-SEMA3A (Abcam, Cambridge, MA) or anti-pERK (Cell
Signaling Technology, Danvers, MA). Terminal deoxynu-
cleotidyl transferase dUTP nick end labeling (TUNEL) assays
were performed using the TUNEL apoptosis detection kit
(Millipore, Billerica, MA). To evaluate TAM accumulation,
paraffin sections were stained with anti-Iba1 (Abcam) as a
macrophage marker.

10. Ethical statement

The study was approved by the Institutional Review Board
of Samsung Medical Center (IRB No. 2010-04-004) and per-
formed in accordance with the principles of the Declaration
of Helsinki. Written informed consents were obtained.

All mouse experiments were performed according to the
Association for Assessment and Accreditation of Laboratory
Animal Care-accredited guidelines of our institute’s Animal
Use and Care Committee.
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Fig. 1.  SEMA3A is highly expressed in glioblastoma (GBM) specimens compared to the normal brains. (A) REMBRANDT 
microarray data analysis for SEMA3A mRNA expression levels corresponding to glioma grades II-IV. WHO, World Health
Organization. ***p < 0.001. (B) Kaplan-Meier survival curves of GBM patient corresponding to SEMA3A expression levels
in The Cancer Genome Atlas datasets. (C) Immunohistochemistry of SEMA3A on tissue microarray. (Continued to the next
page)
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Results

1. SEMA3A is highly expressed in GBM specimens com-
pared to the normal brain tissues

We first analyzed the mRNA expression levels of SEMA3A
in gliomas according to their pathological grade (II to IV)
using Rembrandt glioma dataset. SEMA3A expression was
significantly correlated with the glioma grade level. GBM, in
particular, exhibited higher expression levels of SEMA3A
compared to grade II and III gliomas (Fig. 1A). Overall sur-
vival and progression-free survival of patients in TCGA
showed that the SEMA3A high expression group portrayed
worse survival rate (p=0.04 and p < 0.001) (Fig. 1B). Our 
results suggest that upregulation of SEMA3A expression is
directly correlated with disease progression in GBM. To 
determine the SEMA3A protein level in GBM specimens, we
conducted tissue microarray analysis on 27 GBM and
matched adjacent non-neoplastic brain tissue samples. 
Immunohistochemical analysis showed elevated protein lev-
els of SEMA3A in all GBM tissue samples, while the majority
of non-tumor tissues showed minimal levels of SEMA3A
(Fig. 1C and D). Collectively, the malignant effect of SEMA3A
expression in GBM specimens is evident and SEMA3A 
appears to be an ideal therapeutic target in GBM treatment.

2. Identification of SEMA3A-specific scFv using synthetic
phage library

In present study, we generated a scFv with high affinity to
SEMA3A using a synthetic human scFv phage library. The
synthetic human scFv phage library with a total diversity of
7.6109 cfu were composed of six diversified complementar-
ity determining regions (CDRs) [24]. We performed a classi-
cal panning method using immunotube-immobilized
rhSEMA3A/Fc chimeric protein. In order to prevent any

scFvs from binding to the Fc portion, we combined our syn-
thetic scFv library with Erbitux containing the Fc region and
proceeded on to the selection process. Approximately 70-fold
increase in output to input phage ratio was observed after
the fourth selection round compared to the first, indicating
the specificity of the accumulated phages to human SEMA3A
(hSEMA3A) (Fig. 2A).

We incubated the final resulting outputs on Luria-
Bertani/ampicillin plate in 37°C overnight. Afterwards, we
randomly picked 86 different single colonies and conducted
phage ELISA. In accordance with the given criteria (at least
two-fold increase to the negative control, i.e., BSA), 52 out of
86 colonies (60%) were identified as rhSEMA3A binders 
(Fig. 2B). Erbitux was also used as a negative control (data
not shown). Through sequence analysis of the 49 positive
clones, we obtained three final clones that were specific for
SEMA3A. Our final candidates, F11, A08, and C10, possessed
specific sequences that are identical to other 22, 4, and 3 other
clones, respectively. To produce purified forms of the gener-
ated scFv, we inserted our three clones into E. coli Top10F,
which recognizes the amber codon residing in the front of
gene III and removes it in process. The resulting purified
clones were verified through denaturation using Coomassie
blue staining method (Fig. 2C). As the size of a typical scFv
is at approximately 28 kDa, we expected our clones to appear
between 25 and 37 kDa markers. As we used PBS with 200
mM imidazole as our elution, eluted anti-SEMA3A scFv
were processed under SDS-PAGE analysis without the imi-
dazole. To examine the binding activity of the anti-SEMA3A
scFvs, we measured the binding affinity of each clone
through indirect ELISA analysis with at serial antibody con-
centration levels. We used as 12B clone as negative control
scFv having no binding to human Sema3A (S1 Fig.). Our 
results showed that the binding activity of each anti-
SEMA3A clone to hSEMA3A protein was elevated in a dose-
dependent manner, while BSA, the control, displayed no
significant changes (Fig. 2D). Overall, we have successfully
produced three distinct scFvs that are specific to human
SEMA3A using synthetic phage library.

3. Production of anti-SEMA3A IgG antibodies

To transform the anti-SEMA3A scFvs into their respective
IgG forms, we transfected Expi293F cells with heavy and
light chain regions of each anti-SEMA3A scFv. We purified
three anti-SEMA3A IgG antibodies using the ÄKTA Protein
Purification System and an Amicon Ultra Centrifugal Filter
to produce A08, C10, and F11 clones at concentration levels
of 118, 138, and 330 mg/L, respectively. High performance
liquid chromatography with a gel permeation chromatogra-
phy column were used to validate the purity level of A08,
C10, and F11 antibodies. Notably, all three clones exhibited
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Fig. 2.  Identification of SEMA3A-specific single chain fragment variant (scFv) using synthetic phage library. (A) The efficacy
of classical panning was evaluated by the ratio of output phage titer to input phage titer. (B) Based on enzyme-linked 
immunosorbent assay (ELISA) results, 52 positive clones specific to human SEMA3A were selected from among 86 clones
which were selected randomly in the fourth round of the output mixture. (C) The three scFvs purified using Ni-NTA resin
and poly-column were eluted by phosphate buffered saline with 200 mM imidazole (pH7.4). Molecular sizes of the three
anti-SEMA3A clones (A08, C10, and F11) were verified by Coomassie blue staining. (D) hSEMA3A binding activities of three
anti-SEMA antibodies and 12B (a negative control) were confirmed by indirect ELISA. 96-well plates coated with hSEMA3A
(1 µg/mL) or bovine serum albumin (BSA; 1 µg/mL) were bound for three anti-SEMA3A antibodies and 12B. Then, anti-
hemaglutinin antibody conjugated to horseradish peroxidase (HRP) was used for bound scFvs detection. The absorbance of
each well for HRP reactions was measured at 450 nm. OD, optical density.
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Fig. 3.  Production of anti-SEMA3A IgG antibodies. (A) Purity of three anti-SEMA3A IgGs determined by high performance
liquid chromatography. The peak at 15-16 minutes indicates -globulin (~150 kDa). The purity of all three anti-SEMA3A
IgGs was over 98%. (B) Sizes of the anti-SEMA3A IgGs were verified in non-reducing (NR) and reducing (R) conditions by
sodium dodecyl sulfate polyacrylamide gel electrophoresis. In NR condition, fully IgG was detected whereas in R condition
where cleavages disulfide bond heavy chain and light chain were observed. (C) To determinate binding activity of human
and mouse SEMA3A, three anti-SEMA3A IgGs were analyzed on enzyme-linked immunosorbent assay (ELISA) plates when
the presence of hSEMA3A, mSEMA3A, and bovine serum albumin (BSA) as negative control. Optical density (OD) values
derived from indirect ELISA in which SEMA3A IgG was captured via anti-human Fab antibody conjugated to horseradish
peroxidase. (Continued to the next page)

B

150 kDa

50 kDa

25 kDa

A0
8_

NR

A0
8_

R

C1
0_

NR

C1
0_

R

F1
1_

NR

F1
1_

R

C

OD
 va

lu
e 

(4
50

 n
M

)

0

3

1

2

4

500

hSEMA

Antibody

Antigen mSEMA BSA

50 500 50 500 50 (nM)

A08
C10
F11

A

AU

Auto-scaled chromatogramA08

Time (min)

0

0.08

0.10

0.06

0.02

0.04

0.12

0 5 10 15 20 25 30 35

0.302 11.260
12.681

13.710

24.086

15.966

AU

Auto-scaled chromatogramC10

Time (min)

0

0.08

0.10

0.06

0.02

0.04

0.12

0.14

0 5 10 15 20 25 30 35

0.254 11.251
12.217

13.125

24.111 34.893
23.578

15.131

AU

Auto-scaled chromatogramF11

Time (min)

0

0.3

0.4

0.2

0.2

0.5

0 5 10 15 20 25 30 35

0.215 13.784 24.118
23.549

16.106

VOLUME 50 NUMBER 3 JULY 2018  1015



98%, 98.5%, and 99% purity, respectively (Fig. 3A). To vali-
date the physical sizes of the anti-SEMA3A IgG antibodies,
we conducted SDS-PAGE analysis under “reducing” and
“non-reducing” conditions. Under the non-reducing condi-
tion, all three antibodies exhibited a molecular weight of 120
kDa, whereas, under the reducing condition, we observed
two major bands at 50 and 25 kDa each, corresponding to the
heavy and light chain regions of the antibody. Meanwhile,
C10 contained N-glycosylation site in the CDR1 region of the
light chain; thus, the molecular size of its light chain was at
30 kDa, 5 kDa higher than A08 and F11 (Fig. 3B). 

To verify the binding activity of the anti-SEMA3A IgG 
antibodies to both human and mouse SEMA3A, we per-
formed ELISA and surface plasmon resonance assays. As the
mouse SEMA3A sequence harbors high homology to the
human SEMA3A gene, at approximately 95%, all three anti-
bodies showed positive cross-reactivity (Fig. 3C). After-
wards, we measured the KD (the equilibrium dissociation
constant between the antibody and its antigen) values of all
three SEMA3A antibodies and discovered that the F11 IgG
antibody possessed the highest binding affinity capability to
both human and mouse SEMA3A, consistent with the ELISA

Cancer Res Treat. 2018;50(3):1009-1022

Fig. 3. (Continued from the previous page) (D) Use of the BIAcore to determine the calculated KD value of three anti-SEMA3A
IgGs to human and mouse SEMA3A. The assay method was Fab-based capture format via human Fab capture kit (GE Health-
care). 
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Fig. 4.  Anti-SEMA3A IgG antibody impedes migration and proliferation of patient-derived glioblastoma (GBM) cells. (A)
The concentration of SEMA3A secreted for a day was measured by sandwich enzyme-linked immunosorbent assay (ELISA)
in various cell types. GBM patient cells and U87-MG cells as a positive control and neural progenitor cell and medium as
negative controls. (B) Neutralization assay of three anti-SEMA3A IgGs in U87-MG cells. The evaluate method is same method
for U87-MG cells were incubated with anti-SEMA3A IgG and the amount of SEMA3A in medium was measured by sandwich
ELISA. (C) While the migration rate of cells (U87-MG, 131, and 83) treated with control human IgG remains unchanged, 
migration rates of cells treated with anti-SEMA3A IgGs for 1 day were impeded significantly. Each antibody treatment con-
centration was 10 µg/mL and macroscopic observation of the transwell chambers. *p < 0.05, **p < 0.01. (Continued to the next
page)
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data (Fig. 3D). Collectively, our results demonstrate success-
ful production of engineered anti-SEMA3A IgG antibodies
that are specific to both human and mouse SEMA3A.

4. Anti-SEMA3A IgG antibody impedes migration and pro-
liferation of patient-derived GBM cells

Previous reports have shown that GBM cells endogenously
secrete SEMA3A and that RNA interference-mediated down
regulation of SEMA3A was able to inhibit migratory ability
of U87-MG cells [18]. To determine whether patient-derived
GBM cells secret SEMA3A, we performed sandwich ELISAs
with various PDCs, 131, 83, 022, 827, and 559, and U87-MG
cell-line and neural progenitor cells (NPC) as positive and
negative controls. Patient-derived GBM cells were cultured
in NBA neurosphere culture conditions with additional
growth factors (epidermal growth factor and basic fibroblast
growth factor) and harvested and examined for secretion of
SEMA3A. Both 131 and 83 cells secreted SEMA3A at a simi-
lar level to that of U87-MG cells, while the secretion level of
SEMA3A was minimal in 559 tumor cells (Fig. 4A). Consid-
ering the neutralizing activity of our antibodies against
SEMA3A, we performed a sandwich ELISA in the presence
of anti-SEMA3A antibodies. Notably, all three antibodies
were able to neutralize SEMA3A in U87-MG cells at 10
µg/mL.

Based on their SEMA3A neutralizing effects, we per-

formed migration assays to determine the invasive inhibitory
effect of anti-SEMA3A IgG antibodies. GBM cells were incu-
bated in presence of different anti-SEMA3A IgG antibodies
or control human IgG (10 µg/mL). Interestingly, all three 
antibodies showed significant migration suppression in U87-
MG, 83, and 131 cells (Fig. 4C). As expected, the F11 anti-
body, which showed the highest KD value, exhibited greater
inhibitory effects compared to the other antibodies. Using
the Oris cell migration assay, we observed a dose-dependent
migration inhibition of U87-MG cells in the presence of F11
antibody. (Fig. 4D). We then determined whether the prolif-
erative response to anti-SEMA3A F11 was applicable in 
patient-derived GBM cells using Ez-Cytox cell viability
assay. Under SEMA3A scFvs treatment, the cell proliferation
rates were dependent on the secretion levels of SEMA3A
from the GBM PDCs (S2 Fig.). Our results showed that the
treatment with F11 antibody exhibited a dramatic reduction
in cellular proliferation compared to the human IgG (Fig. 4E).
Previous studies have shown that MAPK pathway including
ERK1/2 induces cellular proliferation in gliomas [25]. 
Notably, immunoblot assay revealed that phospho-ERK
level was significantly attenuated in 131 GBM cells that were
pre-incubated with F11 for 30 minutes, whereas no notable
changes were detected from the 559 cells (Fig. 4F). These 
results demonstrated that the F11 anti-SEMA3A IgG anti-
body effectively inhibited SEMA3A-induced migration and
proliferation in GBM.

Cancer Res Treat. 2018;50(3):1009-1022

Fig. 4. (Continued from the previous page)  (D) Inhibition of migration activity by anti-SEMA3A F11 for one day was evaluated
using Oris cell migration assay. The level of migration activity inhibition was proportional to the concentration gradient of
anti-SEMA3A F11. Migration activity was reduced by 52% compared to the control IgG-treated cells in the max concentration
of F11 (200 nM) treated cells. (E) Comparison of the effect of anti-SEMA3A F11 and control human IgG (2 µM) on in-vitro
proliferation of 131 cells. On the 9 days after F11 treatment, 131 proliferation was inhibited by 60% of control human IgG
treated cells. (F) Immunoblots of phospho-ERK and ERK in control human IgG or F11 IgG treated 131 and 559 cells. The
SEMA3A hypersecreting 131 cells decreased ERK phosphorylation during F11 treatment and remained unchanged for ERK
phosphorylation of 559 cells that secretes less SEMA3A. 
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5. In vivo effects of anti-SEMA3A antibody on GBM tumor
growth

Based on in vitro migratory and proliferative inhibition 
effect of the F11 antibody, we further evaluated its efficacy

in vivo setting. 131 tumor xenograft models were generated
and treated with either PBS or F11 via intravenous injection.
As suspected, treatment of tumor-bearing mice with 25
mg/kg of F11 antibody decreased the tumor growth by 60%
compared to the PBS-treated group (Fig. 5A). Our results

Jaehyun Lee, Anti-SEMA3A Antibody in GBM

Fig. 5.  In vivo effects of anti-SEMA3A antibody on the glioblastoma (GBM) tumor growth. (A) Antitumor activity of anti-
SEMA3A F11 in GBM patient cell 131 xenograft model. When tumors were approximately 80 mm3, the patient-derived
xenograft tumors were randomly assigned into study groups (n=7 mice/group) and were participated in the dosing phase
of the study. Treatment of F11 was administered intravenously at 5 mg/kg and 25 mg/kg with all treatments well tolerated
and anti-SEMA3A F11 injections were stopped at day 28. *p < 0.05. (B) Mass weight variation of mice was similar to mass
size affected by anti-SEMA3A F11 within groups. *p < 0.05. (C, D) Representative immunofluorescence images of SEMA3A,
p-ERK, terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) and Iba1 staining using paraffin sections of
tumors. Scale bars=20 µm (white), 100 µm (red). (Continued to the next page)
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were consistently observed through tumor weight analysis
in the corresponding mice (Fig. 5B). Mice that were treated
with either F11 antibody or control showed no significant
weight loss or neurological symptoms in S3 Fig.

Immunofluorescence staining of F11 antibody–treated 
tumors demonstrated significant reduction of SEMA3A and
phosphor-ERK compared to the control tumor (Fig. 5C). 
Additionally, TUNEL assay showed F11 antibody-induced
apoptotic cells, suggesting that F11 treatment can induce
apoptotic cell death in vivo (Fig. 5C). 

Previous studies have shown dynamic interaction between
SEMA3A and tumor microenvironment. SEMA3A/NRP1
signaling promotes TAM infiltration and pro-tumorigenic
function in hypoxic tumor regions [26,27]. Therefore, we 
interrogated the potential effect of SEMA3A neutralization
on tumor microenvironment. Interestingly, TAMs were 
extensively recruited by adjacent tumor cells secreting
SEMA3A in the control tumors, while significantly less 
accumulated TAM population was observed in the F11-
treated tumors (Fig. 5D). Collectively, our results demon-
strate that SEMA3A inhibitor could prevent tumor pro-
liferation and TAM infiltration in vivo, highlighting anti-
SEMA3A F11 antibody as a potential therapeutic agent in
GBM therapy.

Discussion

SEMA3A is highly expressed in GBM compared to non-
neoplastic brain tissues and SEMA3A signaling axis pro-
motes GBM growth and invasion, making it an ideal

therapeutic target in a clinical framework. Nevertheless, pre-
vious studies only showed RNA interference-mediated
SEMA3A disruption that lead to migration inhibition [18].
Although siRNA has been widely used as an effective tool to
down-regulate target genes, it cannot be translated into a
clinical course. Therefore, we evaluated SEMA3A antibody
as a potential therapeutic agent against GBM progression. 

In present study, we have developed single-chain antibod-
ies that are specific to Semaphorin3A from synthetic phage
library using a classical panning method. To examine
whether primary GBM cells secret SEMA3A, we used sand-
wich ELISA assay and compared the secretion level of
SEMA3A in patient-derived GBM cells relative to NPC and
U87-MG cells. We then converted the generated SEMA3A
scFvs into three fully human IgG forms. IgG transformation
not only increased their binding affinities, but also main-
tained their functional roles in cellular migration and prolif-
eration inhibition. As the produced anti-SEMA3A antibodies
are fully human, they may serve as a safer therapeutic agent
in human disease. Furthermore, all three IgG antibodies
showed specific cross-reactivity both mouse and human
SEMA3A, allowing them to bypass in vivo immune response
as well.

Previous studies have shown that SEMA3A modulates cell
dispersal via activating multiple signaling pathways includ-
ing Rac1, GSK3b, and ERK1/2 in various cancer cells. All
three anti-SEMA3A antibodies were shown to repress migra-
tion of patient-derived GBM and U87-MG cell line. Further-
more, we confirmed the neutralization effect of anti-
SEMA3A antibody using U87-MG cell line.

Dynamic interactions between tumor cells and tumor 
microenvironment frequently constitute tumor malignancy
[28]. According to recent studies, TAMs are recruited to avas-

Cancer Res Treat. 2018;50(3):1009-1022

Fig. 5. (Continued from the previous page)

D

lba1

Control Anti-SEMA3A

1020 CANCER  RESEARCH  AND  TREATMENT



Jaehyun Lee, Anti-SEMA3A Antibody in GBM

cular areas in hypoxic tumor environment, resulting in sus-
tained tumor progression [27]. SEMA3A acts as a chemo-
attractant by TAMs via VEGFR1 phophorylation and recruits
TAMs towards hypoxic niches in NRP1-independent man-
ner [26]. We confirmed that these results corroborate with
our in vivo study demonstrating that anti-SEMA3A IgG sup-
presses tumor growth dramatically through preventing TAM
recruitment.

Given that extracellular vesicle–derived SEMA3A as a pro-
permeability factor that induces loss of barrier integrity in
GBM, it could potentially be integrated for prognostic pur-
poses. Our study also presents anti-SEMA3A IgG as a can-
didate diagnostic tool in monitoring GBM [19]. Recently,
SEMA3A was evaluated as therapeutic target in ischemic or
diabetic retinopathy, neurotrophic corneal disease, spinal
cord injury and tumor progression [29]. Therefore, anti-
SEMA3A antibody could be employed as a new diagnostic
and therapeutic agent for GBM patients and other diseases
that are related to SEMA3A. 
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Paradoxical Inhibition of Autophagy 

Original Article

Purpose
Everolimus only inhibits mammalian target of rapamycin complex 1 (mTORC1), whereas
Ku0063794 inhibits both mTORC1 and mTORC2. Although they have similar anticancer 
effects, their combination has a synergistic effect against hepatocellular carcinoma (HCC)
cells. We aimed to determine the mechanism underlying the synergistic effects of
everolimus and Ku0063794 associated with autophagy in HCC cells.

Materials and Methods
We compared the effects of everolimus and Ku0063794, individually or in combination, on
both the in vitro and in vivo models of HCCs.

Results
HepG2 cells treated with both agents had significantly lower rates of cell proliferation and
higher apoptosis than the individual monotherapies (p < 0.05). Autophagic studies consis-
tently indicated that, unlike the monotherapies, the combination therapy significantly 
reduced autophagy (p < 0.05). Autophagic blockage directly promoted the pro-apoptotic 
effects of combination therapy, suggesting autophagy as the survival mechanism of HCC
cells. Unlike the monotherapies, combination therapy showed the potential to inhibit sirtuin
1 (SIRT1), the positive regulator of autophagy. SIRT1 overexpression abrogated the 
autophagy-inhibiting and pro-apoptotic effects of combination therapy. In a nude mouse
xenograft model, the shrinkage of tumors was more prominent in mice treated with combi-
nation therapy than in mice treated with the respective monotherapies (p < 0.05). The 
immunohistochemical and immunofluorescence stains of the tumor obtained from the
xenograft model showed that combination therapy had the potential of reducing autophagy
and promoting apoptosis.

Conclusion
The combination of everolimus and Ku0063794 potentiates anticancer effects on HCCs
through a decrease in autophagy, which is prompted by SIRT1 downregulation.
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Introduction

Hepatocellular carcinoma (HCC) is the third leading can-
cer causing death worldwide with a 5-year survival rate of
10%, leading to 250,000 to 1,000,000 deaths per year [1,2].
Aberrant mammalian target of rapamycin (mTOR) signaling

has been detected in up to 48% of HCC patients, and corre-
lates with poor prognosis [3]. In mTOR signaling, the prolif-
eration signal is passed to two sets of effector molecules: Akt
(a mammalian target of rapamycin complex 1 [mTORC1]
downstream molecule), and S6K1 and 4EBP1 (mTORC2
downstream molecules) [4,5]. It was reported that evero-
limus, an mTORC1 inhibitor, failed to provide more signifi-
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cant anticancer effects against HCC compared to other
chemotherapeutic agents [6,7]. One plausible explanation for
this phenomenon is that everolimus only inhibits mTORC1,
thereby allowing proliferative signaling via mTORC2 [5]; 
uninhibited mTORC2 signaling might interfere with the 
anticancer effects of everolimus by allowing Akt activation,
which has been consistently inhibited by mTORC2. How-
ever, we previously found that the similar anti-HCC effects
had been obtained by the regimens blocking either mTORC1
(everolimus) or mTORC2 (Ku0063794) [8]. Moreover, we 
unexpectedly detected that combining everolimus with
Ku0063794 exhibited a synergistic anticancer effect in HCC
cells.

Since autophagy essentially involves cell survival, effects
on autophagy should be considered when determining the
efficacy of antitumor agents. Autophagy is a specialized 
intracellular process for degrading and recycling cellular
macromolecules to maintain cellular homeostasis [9,10]. It
can contribute to cell survival or death, depending on its
level of activity; an appropriate level of autophagic activity
protects cells by recycling intracellular macromolecules or
organelles, whereas excessive autophagy may lead to cell
damage, ultimately causing cell death [11]. mTOR signaling
is known to control the autophagic machinery [10,12]. Under
unstimulated conditions, autophagy is consistently inhibited
by mTOR signaling; however, blocking of mTOR signaling,
possibly by starvation or the treatment with an mTOR 
inhibitor, can trigger autophagy [13].

Recent studies have indicated that sirutuin 1 (SIRT1) is a
key player in the autophagic process [14,15]. SIRT1 belongs
to the histone deacetylase class III family [16,17]. They are 
involved in the post-translational modification of translated
proteins. SIRT1-mediated autophagy essentially involves cell
proliferation, metabolism, and resistance to stress [14,18,19].
SIRT1 can promote autophagy by deacetylating not only 
essential autophagy-related proteins, such as Atg5, Atg7, and
Atg8, but also numerous transcription factors, including p53,
nuclear factor B, FoxO3, E2F1, histone H4, FoxO1, S6K, and
tuberous sclerosis complex 2 [15,18]. Subsequently, after
deacetylation, these transcription factors can activate auto-
phagy-related genes. We previously demonstrated that, 
unlike individual monotherapy which failed to inhibit SIRT1
expression, combining everolimus with Ku0063794 signifi-
cantly inhibited SIRT1 expression in a dose-dependent man-
ner [8]. In this further study, we investigated the effects of
everolimus and Ku0063794, individually or in combination,
on autophagy. Subsequently, we attempted to determine the
mechanism of their synergistic combination therapy effect in
relation to SIRT1-mediated autophagy in HCC cells. Subse-
quently, we attempted to determine the mechanism by
which the synergistic combination therapy effect acts in 
relation to SIRT1-mediated autophagy in HCC cells. 

Materials and Methods

1. Chemicals and reagents

Everolimus and Ku0063794 were obtained from Selleckem
(Houston, TX). Bafilomycin A1, monodansylcadaverine
(MDC) and acridine orange were purchased from Sigma-
Aldrich (St. Louis, MO). pcDNA and pcDNA-sirtus1 (SIRT1)
were obtained from Addgene (Cambridge, MA). Lipofecta-
mine 2000 was purchased from Invitrogen (Carlsbad, CA). 

2. Cell culture

The HepG2 HCC cell lines were obtained from KCLB 
(Korean Cell Line Bank, Seoul, Korea). HepG2 cells were
maintained in Dulbecco's modified Eagle's mediumhigh
glucose medium (Thermo Fisher Scientific, Carlsbad, CA).
The medium was supplemented with 10% fetal bovine serum
(GibcoBRL, Carlsbad, CA) and 1% antibiotics (Thermo Fisher
Scientific) at 37°C in a humidified atmosphere with 5% CO2

in an incubator.

3. Cell proliferation assay

Cell proliferation was evaluated with a 2-(4-iodophenyl)-
3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium
(water soluble tetrazolium salt, WST-1) assay using the 
EZ-Cytox Cell Proliferation Assay kit (Itsbio, Seoul, Korea)
according to the manufacturer’s instruction. Briefly, HepG2
cells were plated in 96-well plates and cultured overnight
(1104 cells per well). The cells were treated with everolimus
and Ku0063794 at different concentrations (100, 250, 500,
1,000, and 2,000 nM) for 24 hours, 48 hours, and 72 hours, 
respectively. The reagent provided in the EZ-Cytox Cell Pro-
liferation Assay kit was then added to each well. Absorbance
was measured at 450 nm using a microplate reader (model
680, Bio-Rad, Hercules, CA). 

4. Western blot analysis 

HepG2 cells and liver tissues were lysed using the EzRIPA
Lysis kit (ATTO Corp., Tokyo, Japan), and quantified using
Bradford reagent (Bio-Rad). Proteins were visualized by
western analysis using incubations in the following primary
antibodies (1:1,000 dilution) at 4°C overnight and in horse-
radish peroxidase (HRP)conjugated secondary antibodies
(1:2,000 dilution) for 1 hour at 25°C. Primary antibodies 
included antibodies against p-mTORSer2448, p-p70S6K, LC3-
phosphatidylethanolamine conjugate (LC3B), p62, B-cell
lymphoma-extra large (Bcl-xL), cleaved poly(ADP-ribose)
polymerase (c-PARP), cleaved caspase-3 (c-caspase 3),
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cleaved caspase-9 (c-caspase 9), myeloid cell leukemia-1
(Mcl-1), Bcl-2 like protein 11 (Bim), SIRT1, and -actin (all
from Cell Signaling Technology, Danvers, MA). The second-
ary antibodies were HRP-conjugated (Cell Signaling Tech-
nology). Specific immune complexes were detected using the
Western Blotting Plus Chemiluminescence Reagent (Milli-
pore, Bedford, MA). The Band Analysis tools of ImageLab
software (Bio-Rad) were used to determine the density of the
bands in all blots. -Actin was used as normalization control.

5. Acridine orange and MDC staining

HepG2 cells were cultured on Lab-Tek chamber slides
(Thermo Fisher Scientific, Hemel Hempstead, UK) and were
given an IRI conditioning with or without 100 nM evero-
limus for 5 hours. Subsequently, HepG2 cells were stained
with either 1 µg/mL acridine orange or with 0.05 mM MDC
at 37°C for 30 minutes, respectively. The autophagic vesicu-
lar organelles were observed using a confocal laser scanning
microscope (LSM5 Live, Zeiss, Oberkochen, Germany). 

6. Detection of GFP-LC3B punta formation

Green fluorescent protein (GFP)-LC3 (Addgene) was tran-
siently transfected into HepG2 cells with Lipofectamine 2000
transfection reagent (Invitrogen). The cells were then treated
with and without 100 nM everolimus and 1 µM Ku0063794
for 24 hours and were observed using a confocal laser scan-
ning microscope. To quantify autophagy, the number of cells
with punctate GFP-LC3 was counted. 

7. Overexpression of SIRT1 genes

HepG2 cells were plated in 6-well plates (2105 cells/well)
and transiently transfected with 1 µg pcDNA-SIRT1 (Add-
gene) per well mixed with the Lipofectamine 2000 transfec-
tion reagent, according to the manufacturer’s instructions.
After incubation for 5 hours, the medium was changed to
complete culture medium, and the cells were incubated at
37°C in a CO2 incubator for 48 hours before harvesting.

8. In vivo xenograft model

BALB/c nude mice (6-week-old) were used for compara-
tive modeling of subcutaneous tumor growth. HepG2 cells
(5106) were subcutaneously injected into each mouse. The
mice were weighed twice a week. Fourteen days after tumor
cell injection, all mice had measurable tumors. Mice were
then randomly grouped (n=5 per group) and treated 
intraperitoneally with normal saline (control), everolimus
(0.5 mg/kg in 100 µL normal saline, 3 times a week), Ku00-
63794 (1 mg/kg in 100 µL in normal saline, 3 times a week),

and a combination of both agents (0.5 mg/kg everolimus
combined with 1 mg/kg Ku0063794 in 100 µL normal saline,
3 times a week) for 28 days. Tumor size was measured twice
weekly via caliper, and tumor volume was calculated using
the formula lengthwidth20.5236 [20]. After the completion
of treatment, all mice were euthanized.

9. Immunofluorescence and immunohistochemical analy-
ses

For immunofluorescence and immunohistochemical
analysis, formalin-fixed, paraffin-embedded tissue sections
were deparaffinized, rehydrated in an ethanol series and
subjected to epitope retrieval using standard procedures. 
Antibodies to c-caspase 3 and cytosolic LC3B were used for
immunofluorescence, and antibodies to c-caspase 3 and
SIRT1 were used for immunohistochemical stains. The sam-
ples were then examined under a laser-scanning microscope
(Eclipse TE300, Nikon, Tokyo, Japan) to analyze the expres-
sion of c-caspase 3 and LC3B. 

10. Statistical analysis

All data were analyzed using SPSS ver. 11.0 software (SPSS
Inc., Chicago, IL) and are presented as the mean±standard
deviation (SD). Statistical comparisons between the mean
values of the two groups were performed using the Mann-
Whitney U test. p-values of < 0.05 were considered statisti-
cally significant.

11. Ethical statement

This animal study was approved by the Institutional Ani-
mal Care and Use Committee of the Clinical Research Insti-
tute at Daejeon St. Mary’s Hospital at the Catholic University
of Korea (institutional review board #CMCDJ-AP-2015-006).

Results

1. Effects of everolimus and Ku0063794 on cell proliferation
and the expression of mTOR downstream molecules in
HepG2 cells

Fig. 1A shows the structures of everolimus and Ku0063794.
We investigated the combined effects of everolimus and
Ku0063794 on the proliferation of HepG2 cells (Fig. 1B).
Combining both agents resulted in a significant reduction of
HepG2 cell proliferation in both a dose- and time-dependent
manner (p < 0.05). Fig. 1C shows the comparison of HepG2
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Fig. 1.  Effects of everolimus and Ku0063794, either individually or in combination, on cell proliferation and on the expression
of mTOR downstream molecules in HepG2 cells. (A) Chemical structures of everolimus and Ku0063794. (B) Combining
everolimus with a graduated concentration of Ku0063794 resulted in a significant dose- and time-dependent decrease in
HepG2 cell proliferation. (C) Comparison of HepG2 cell proliferation at the concentrations of everolimus (100 µM) and
Ku0063794 (1 µM) used in this experiment after 24-hour (top) and 48-hour (bottom) treatments, respectively. Values represent
mean±standard deviation of three independent experiments. *p < 0.05. mTOR, mammalian target of rapamycin; Ct, control;
E, everolimus; K, Ku0063794.
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Fig. 2.  Effects of everolimus and Ku0063794, either individually or in combination, on the expression of mTOR downstream
molecules in HepG2 cells. (A-C) Western blot analyses of the dose-dependent effects of everolimus (A) and Ku0063794 (B),
and their combination (C) on the expression of mTOR downstream molecules. Higher concentrations of everolimus and
Ku0063794 reduced the expression of p-mTOR and p-p70S6K. However, combining both agents resulted in a stronger dose-
dependent inhibition of p-mTOR and p-p70S6K. (D) Representative expression of mTOR downstream molecules at the con-
centrations of everolimus (100 nM) and Ku0063794 (1 µM) used in this experiment (left). Relative densities of these markers
in each group (right). The Band Analysis tools of ImageLab software (Bio-Rad) were used to determine the density of the
bands in all blots. -Actin was used as a normalization control. Values represent mean±standard deviation of three inde-
pendent experiments. *p < 0.05. mTOR, mammalian target of rapamycin.
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cell proliferation at the concentrations of everolimus (100
nM) and Ku0063794 (1 µM) determined in this experiment.

We then investigated the effects of everolimus and
Ku0063794, singly or in combination, on the expression of
mTOR downstream molecules. Higher concentrations of singly
administered everolimus and Ku0063794 tended to reduce the
expression of p-mTOR and p-p70S6K (Fig. 2A and B). By con-

trast, combining both agents facilitated the synergistic
mTOR-inhibiting capability, as demonstrated by stronger
dose-dependent inhibition of p-mTOR and p-p70S6K 
(Fig. 2C). Fig. 2D represents the expression of mTOR down-
stream molecules at the concentrations of everolimus (100
nM) and Ku0063794 (1 µM) used in this experiment.

Cancer Res Treat. 2018;50(3):1023-1038

Fig. 3.  Effects of everolimus and Ku0063794, either individually or in combination, on apoptosis in HepG2 cells. (A) Western
blot analyses showing the expression of markers reflecting apoptosis (c-PARP and c-Cas3) and anti-apoptosis (Mcl-1) 
depending on the treatment with everolimus (left) and Ku0063794 (middle), and their combination (right). Everolimus or
Ku0063794 monotherapies increased the expression of c-PARP and c-Cas3, and reduced the expression of Mcl-1, mostly
dose-dependently. The combination therapy appeared to potentiate the pro-apoptotic effects of individual monotherapies.
(Continued to the next page)
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2. Effects of everolimus and Ku0063794 on cell apoptosis of
HepG2 cells

Next, we determined the expression of markers reflecting
pro-apoptosis (c-PARP and c-caspase 3) and anti-apoptosis
(Mcl-1) depending on mono- or combination regimens 
(Fig. 3A). Western blot analysis revealed that each monother-

apy promoted the pro-apoptotic effect, as demonstrated by
the elevation of c-PARP and c-caspase 3 and the reduction of
Mcl-1. The combination therapy appeared to potentiate the
pro-apoptotic effects of individual monotherapies, as demon-
strated by the more prominent up- and down-regulation of
these markers, mostly in a dose-dependent manner (p < 0.05).
Fig. 3B represents the expression of the markers related to

Fig. 3.  (Continued from the previous page) (B) Representative expression of the markers related to pro-apoptosis (c-PARP, 
c-Cas9, c-Cas3, and Bim) and anti-apoptosis (Bcl-xL and Mcl-1) at the concentrations of everolimus (100 nM) and Ku0063794
(1 µM) used in this experiment. (C) Effects of everolimus and Ku0063794, either individually or in combination, on apoptosis
using annexin V/PI staining and flow cytometry (top). Relative densities of these markers in each group (bottom). Apoptotic
cells were expressed as the total percentage of annexin V–positive/PI-negative cells. The number of annexin V–positive cells
(early and late apoptotic cells) was significantly higher in HepG2 cells treated with the combination compared to cells treated
with the monotherapies. Band Analysis tools in ImageLab software (Bio-Rad) were used to determine the density of the
bands in all blots. -Actin was used as a normalization control. Values represent mean±standard deviation of three inde-
pendent experiments. *p < 0.05. Bcl-xL, B-cell lymphoma-extra-large; Bim, Bcl-2-like protein 11; c-Cas, cleaved caspase; 
c-PARP, cleaved poly(ADP-ribose) polymerase; Ct, control; E, everolimus; K, Ku0063794; Mcl-1, myeloid cell leukemia-1;
PI, propidium iodide.
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pro-apoptosis (c-PARP, c-caspase 9, c-caspase 3, and Bim)
and anti-apoptosis (Bcl-xL and Mcl-1) at the concentrations
of everolimus (100 nM) and Ku0063794 (1 µM) determined
in this experiment.

Flow cytometric analysis also revealed that the number of
annexin Vpositive cells (early and late apoptotic cells) was
significantly higher in HepG2 cells treated with combination
therapy compared to cells treated with the monotherapies 
(p < 0.05) (Fig. 2C).

3. Effects of everolimus and Ku0063794 on autophagy of
HepG2 cells

Autophagy is a key mechanism that regulates cell survival
or death [9,21,22]. Thus, to understand the basis of synergis-
tic potentiation by combination therapy, we investigated the
effects of each therapy on autophagy. Western blot analyses
showed that everolimus or Ku0063794 monotherapies 

increased autophagy, as evidenced by the dose-dependent
higher expression of LC3B and the lower expression of p62.
However, paradoxically, combination therapy decreased 
autophagy, as evidenced by the lower expression of LC3B
and the higher expression of p62 (p < 0.05) (Fig. 4A and B).

We further validated the effects of the individual therapies
on autophagy in HepG2 cells using MDC staining, acridine
orange staining, and GFP-LC3 puncta-formation assays 
(Fig. 3C). The results consistently showed that, although the
individual monotherapies increased the formation of 
autophagic vacuoles (positive MDC, acridine orange stain-
ing, and GFP-LC3 puncta-positive cells), the combination
therapy significantly decreased their formation, indicating a
reduction in autophagy (p < 0.05).

To determine the role of autophagy, the expression of
apoptosis-associated markers was investigated after phar-
macological blockage of autophagy using bafilomycin A1
(Fig. 4D). Western blot analysis verified successful auto-

Cancer Res Treat. 2018;50(3):1023-1038

Fig. 4.  Effects of everolimus and Ku0063794, either individually or in combination, on autophagy in HepG2 cells. (A) Western
blot analyses of the dose-dependent effects of everolimus (left), Ku0063794 (middle), and their combination (right) on the
expression of autophagy markers (LC3B and p62). Whereas the everolimus and Ku0063794 monotherapies increased 
autophagy (higher expression of LC3B and lower expression of p62), the combination of both agents paradoxically decreased
autophagy (lower expression of LC3B and higher expression of p62). An arrow indicates the band for LC3B form-II, and 
autophagosome marker. (B) Representative expression of autophagy markers at the concentrations of everolimus (100 nM)
and Ku0063794 (1 µM) used in this experiment. Note the paradoxical reduction in autophagy (lower expression of LC3B and
higher expression of p62) in the combination group. (Continued to the next page)
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phagic blockage by bafilomycin A1, as demonstrated by
higher expression levels of LC3B and p63. Autophagic block-
age directly promoted the pro-apoptotic effects of combina-
tion therapy, as demonstrated by the higher expression of
pro-apoptotic proteins (c-PARP, c-caspase 3, and Bim) and
the lower expression of anti-apoptotic proteins (Mcl-1 and
Bcl-xL). These results suggest that combination therapy pro-
moted the apoptosis of HCC cells by downregulating auto-
phagy, the essential survival mechanism of HCC cells.

4. SIRT1 overexpression assay to determine the effects of
combination therapy depending on SIRT1 expression

SIRT1 regulates a variety of physiological processes 
including autophagy, stress responses, metabolism, apopto-
sis, and aging [23]. We found that, although individual
monotherapies failed to inhibit SIRT1 expression, the com-
bined use of everolimus or Ku0063794 had the potential to
inhibit SIRT1 expression (Fig. 5A). To determine the role of
SIRT1 in relation with autophagy more precisely, we gener-

ated SIRT1-overexpressing HepG2 cells. Western blot analy-
sis showed the successful generation of SIRT1-overex-
pressing HepG2 cells, which had been established by trans-
fection with pcDNA-SIRT1 (Fig. 5B). We also found that
transfection with pcDNA-SIRT1 promoted autophagy, as
demonstrated by the higher expression of LC3B and the
lower expression of p62.

Subsequently, we investigated the effects of SIRT1 overex-
pression on the autophagy-inhibiting and pro-apoptotic 
potentials of combination therapy (Fig. 5C). Overexpression
of SIRT1 abrogated the autophagy-inhibiting potential of
combination therapy, which was manifested by the higher
expression of LC3B and the lower expression of p62. SIRT1
overexpression also abrogated the pro-apoptotic potential of
combination therapy, which was manifested by lower 
expression of pro-apoptotic proteins (c-PARP, c-caspase-3,
and Bim) and higher expression of Mcl-1. Taken altogether,
we conclude that the combined use of everolimus and
Ku0063794 suppressed autophagy and promoted the apop-
tosis of HepG2 cells by downregulating SIRT1 expression.

Fig. 4.  (Continued from the previous page) (C) Autophagy studies demonstrating autophagy levels according to treatment with
everolimus and Ku0063794, either individually or in combination. To precisely quantify the levels of autophagy in each
group, we performed immunofluorescence combined with flow cytometry with MDC (left), quantitative analysis of 
autophagy using acridine orange staining and flow cytometry (middle), and GFP-LC3 puncta staining (right) of HepG2 cells
in each group. The levels of autophagy correlate with numbers of MDC-positive cells, acridine orange-positive cells, and
LC3B punta-positive cells. Relative densities of these markers in each group (bottom) (magnification, 600). The autophagy
studies consistently indicated that, unlike the individual monotherapies, combination therapy significantly decreased the
levels of autophagy. (Continued to the next page)
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Fig. 4.  (Continued from the previous page) (D) Western blot analysis showing the effects of autophagy suppression by
bafilomycin A1 on the expression of autophagy (LC3B and p62), pro-apoptosis (c-PARP, c-Cas3, and Bim), and anti-apoptosis
(Mcl-1 and Bcl-xL) markers (left). Relative densities of these markers in each group (right). Successful autophagy inhibition
by Baf A1 was demonstrated by the higher expression of both LC3B and p63. Autophagy inhibition promoted the pro-apop-
totic effects of combination therapy, as demonstrated by the higher expression of pro-apoptotic markers and by the lower
expression of anti-apoptotic markers. Arrows indicate the bands for the cleaved forms of PARP and caspase 3, respectively.
The Band Analysis tools of ImageLab software (Bio-Rad) were used to determine the density of the bands in all blots. 
-Actin was used as normalization control. Values represent mean±standard deviation of three independent experiments.
*p < 0.05. Baf A1, bafilomycin A1; Bcl-xL, B-cell lymphoma-extra-large; Bim, Bcl-2 like protein 11; c-Cas3, cleaved caspase 3;
c-PARP, cleaved poly(ADP-ribose) polymerase; Ct, control group; DMSO, dimethyl sulfoxide; E, everolimus; K, Ku0063794;
LC3B, LC3-phosphatidylethanolamine conjugate; Mcl-1, myeloid cell leukemia-1; MDC, monodansylcadaverine.
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5. Effects of everolimus, Ku0063794, and their combination
on the growth of HepG2 xenograft tumors

We examined the potential of everolimus and Ku0063794,
individually or in combination, to inhibit the growth of
HepG2 cells in the nude mouse tumor xenograft model. After
everolimus (0.5 mg/kg/day) and Ku0063794 (1 mg/kg/day)
had been administered intraperitoneally every day for 3
weeks, the mice were euthanized and the tumors were col-
lected. Images of the tumors before and after necropsy
showed that tumor shrinkage was more prominent in mice
treated with combination therapy than in mice treated with
individual monotherapies (Fig. 6A). In addition, there was a
greater reduction in tumor weight in the mice treated with
combination therapy than in those treated with individual
monotherapies (p < 0.05).

Finally, we performed histological and molecular investi-
gations of the tumor cell mass obtained from the xenograft
model. Immunohistochemical staining of SIRT1 and c-cas-
pase 3 revealed that the combination group exhibited a
marked reduction in SIRT1 and an increase in c-caspase 3
(Fig. 6B). Subsequently, immunofluorescence of LC3B and 
c-caspase 3 revealed that combination therapy resulted in a
significant reduction of LC3B and a significant increase in 
c-caspase 3 (p < 0.05) (Fig. 6C). Taken altogether, the data
presented here demonstrated the pro-apoptotic, SIRT1-
inhibiting, and autophagic inhibiting potentials of combina-
tion therapy in tumor tissues obtained from the xenograft
model.

Discussion

We previously reported that combined treatment with
everolimus and Ku0063794 resulted in the synergistic 
enhancement of pro-apoptotic effect against HCC cells [8].
In this study, we identified the mechanism of this synergistic
effect in relation to autophagy. We found that whereas indi-
vidual monotherapies increased autophagy, the combined
use of everolimus and Ku0063794 paradoxically decreased
autophagy in HCC cells. Autophagic blockade directly pro-
moted the pro-apoptotic effects of combination therapy,
identifying autophagy as a survival mechanism in HCC cells.
Furthermore, unlike monotherapies, combination therapy
showed the potential to inhibit SIRT1, which is known to
promote autophagy. Taken together, these data suggest that
the combination of everolimus and Ku0063794 potentiates
anticancer effects on HCCs through a decrease in autophagy,
which is prompted by SIRT1 downregulation.

Autophagy induces cell survival or death, depending on
the levels of cellular stress [21]. Our study showed that the
reduction in autophagy following combination therapy led
to an increase in apoptosis in HCC cells. Treating HepG2
cells with bafilomycin A1 (an autophagy inhibitor) potenti-
ated the pro-apoptotic effects of combination therapy. This
suggests that autophagy functions as a survival mechanism
in the HCC cells used in our experiment. Thus, anti-HCC
strategies would be directed towards greater autophagy 
inhibition, the pro-survival mechanism of cancer cells. A

Sang Chul Lee, Anticancer Effects of Everolimus and Ku0063794

Fig. 5.  Determination of the role of SIRT-1 during autophagy of HepG2 cells. (A) Western blot analyses showing the effects
of everolimus and Ku0063794, either individually or in combination, on the expression of SIRT1 (left). Relative densities of
these markers in each group (right). Unlike the monotherapies, combination therapy significantly inhibited the expression
of SIRT1. (B) Identification of successful transfection of pcDNA-SIRT1 into HepG2 cells as detected by Western blot analysis.
Successful integration was identified by the higher expression of SIRT1. Transfection with pcDNA-SIRT1 promoted 
autophagy, as demonstrated by higher expression of LC3B and lower expression of p62. (Continued to the next page)
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Fig. 5.  (Continued from the previous page) (C) SIRT1 overexpression assay to evaluate whether combination therapy increases
HCC cell apoptosis by decreasing SIRT1 (left). Relative densities of these markers in each group (right). Overexpression of
SIRT1 abrogated both autophagy-inhibiting and pro-apoptotic effects of combination therapy, which was manifested by
higher expression of LC3B and lower expression of p62, and lower expression of pro-apoptotic markers (c-PARP, c-Cas3,
and Bim) and higher expression of Mcl-1. These data suggest that combination therapy promotes apoptosis of HepG2 cells
by downregulating SIRT1 expression. The Band Analysis tools of ImageLab software (Bio-Rad) were used to determine the
density of the bands in all blots. -Actin was used as normalization control. Values represent mean±standard deviation of
three independent experiments. *p < 0.05. Ct, control group; Bim, Bcl-2 like protein 11; c-Cas3, cleaved caspase 3; c-PARP,
cleaved poly(ADP-ribose) polymerase; E, everolimus; K, Ku0063794; LC3B, LC3-phosphatidylethanolamine conjugate; Mcl-
1, myeloid cell leukemia-1; SIRT1, sirtuin 1. 
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good example is a regimen used to treat colorectal cancer that
combines oxaliplatin with an autophagy inhibitor, such as
chloroquine or hydroxychloroquine [24,25]. In this regimen,
the autophagy inhibitor potentiates the anticancer effects of
oxaliplatin, possibly by inhibiting the pro-survival mecha-
nism of autophagy. Likewise, our experiments revealed that
the combined use of everolimus and Ku0063794 promoted
anticancer effects against HCC cells by downregulating 
autophagy.

We found that combining everolimus and Ku0063794 
decreased autophagy, as evidenced by the lower expression
of LC3B and the higher expression of p62. Since mTOR sig-
naling inhibits autophagy, mTOR inhibitors have pro-
autophagic properties. The autophagy initiation step is 
mediated by ULK1 complex, which is composed of ULK1/

ULK2, Atg13, and FIP200 [12,26]. mTOR signaling tightly
regulates this ULK1 complex [10]. mTORC1 inhibits 
autophagy by direct phosphorylation of Atg13 and ULK1 at
S757 under nutrient-rich conditions. However, nutrient-
deficient conditions or an mTOR inhibitor can lead to a sep-
aration of mTOR and ULK1 complex, resulting in the 
dephosphorylation of Atg13 and ULK1. This again leads to
dephosphorylation-mediated activation of ULK1 (and
ULK2), and ULK1-mediated phosphorylation of Atg13,
FIP200, and ULK1 itself, which elicits autophagy [27,28]. In
keeping with the literature, our study showed that auto-
phagy of HCC cells was promoted by everolimus or Ku00-
63794 monotherapy. However, autophagy was decreased by
combining both agents. To explain this phenomenon, we 
investigated the expression of SIRT1 which is known to be

Sang Chul Lee, Anticancer Effects of Everolimus and Ku0063794

Fig. 6.  Validation of everolimus and Ku0063794 anticancer effects, either individually or in combination, in a nude mouse
xenograft model. After everolimus (0.5 mg/kg/day) and Ku0063794 (1 mg/kg/day) were administered orally every day
for 3 weeks, mice were euthanized and tumors were collected. (A) Morphological images and final tumor weights in the
xenograft tumor model using HepG2 cells according to treatment with everolimus and Ku0063794, either individually or in
combination. Tumor reduction was more pronounced in mice treated with combination therapy than in mice treated with
the respective monotherapies (top). Final tumor weight at 3 weeks (bottom). Tumor weight was markedly reduced in the
mice treated with combination therapy compared with the mice treated with individual monotherapies (p < 0.05). (B) The
representative SIRT1 and c-Cas3 immunohistochemical stains of the tumor cell mass obtained from the xenograft model at
3 weeks. The combination group exhibited lower expression of SIRT1 and higher expression of c-Cas3. (Continued to the next
page)
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essential for the autophagic process.
In our study, combination therapy appeared to decrease

autophagy by decreasing SIRT1, thereby promoting anti-
cancer effects. A number of studies have validated that SIRT1
promotes autophagy [14,15]. Of them, Lee et al. [19] reported
that SIRT1 formed molecular complexes with essential auto-
phagy-related proteins, such as Atg5, Atg7, and Atg8, and
thus promoted autophagy by deacetylating these proteins.
In addition, the absence of SIRT1 caused autophagy impair-
ment, followed by increased levels of SQSTM1/p62 and 
inhibition of autophagosome formation. Likewise, they also
showed that, as with Atg5–/– mice, SIRT1–/– mice exhibited
deficiencies in energy metabolism as well as the accumula-
tion of damaged organelles. Their results suggest that SIRT1
promotes autophagy at the level of post-translational pro-
cessing. In this study, we showed that, although individual
monotherapies failed to inhibit SIRT1 expression, the com-
bined use of everolimus or Ku0063794 had the potential of
inhibiting SIRT1 expression. We also showed that combina-
tion therapy promoted the apoptosis of HCC cells by down-
regulating autophagy, the essential survival mechanism in
HCC cells. Since the effect of SIRT1 on raising autophagy has
been validated, we could conclude that combination therapy

decreased autophagy by decreasing SIRT1, thereby promot-
ing anticancer effects.

Interestingly, we found that combining both agents abro-
gated the SIRT1-promoting effects of individual monothera-
pies. It is known that mTOR signaling suppresses SIRT1
expression [29,30]. Back et al. [29] reported that cellular stress
mTOR-dependently phosphorylated SIRT1 at serine 47,
thereby inhibiting the deacetylase activity of SIRT1. They
also showed that anticancer compounds, such as resveratrol
or doxorubicin, mTOR-dependently inhibited SIRT1 deacety-
lase activity in tumor cells (human squamous cell carci-
noma). However, the addition of an mTOR inhibitor
(rapamycin) restored SIRT1 deacetylase activity in the pres-
ence of resveratrol, demonstrating the SIRT1-promoting 
effect of the mTOR inhibitor. Their results are in line with
our study because we demonstrated that individual mono-
therapies or an mTOR inhibitor (everolimus or Ku0063794)
promoted the expression of SIRT1 in HCC cells. However,
combining both agents paradoxically decreased the expres-
sion of SIRT1, which needs to be further clarified.

In conclusion, we found that, unlike monotherapies, the
combined use of everolimus and Ku0063794 decreased 
autophagy in HCC cells. In addition, unlike monotherapies,

Cancer Res Treat. 2018;50(3):1023-1038

Fig. 6.  (Continued from the previous page) (C, D) The representative LC3B and c-Cas3 immunofluorescences of the tumor cell
mass obtained from the xenograft model at 3 weeks. The combination group resulted in the significant reduction of LC3B and
the significant increase of c-Cas3. Values represent mean±standard deviation of three independent experiments. *p < 0.05. 
c-Cas3, cleaved caspase 3; Ct, control; E, everolimus; K, Ku0063794; LC3B, LC3-phosphatidylethanolamine conjugate; SIRT1,
sirtuin 1.
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combination therapy showed the potential to inhibit SIRT1,
the positive regulator of autophagy. The combination ther-
apy thus promoted anticancer effects in HCCs by decreasing
autophagy, which was prompted by SIRT1 downregulation.
Therefore, when treating HCCs with everolimus, serious
consideration must be given to combining it with Ku0063794
as a means of improving anticancer effects by inhibiting 
autophagy.
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The Impact of Surgical Timing on Pathologic Tumor Response after
Short Course and Long Course Preoperative Chemoradiation for 
Locally Advanced Rectal Adenocarcinoma

Original Article

Purpose
A pooled analysis of multi-institutional trials was performed to analyze the effect of surgical
timing on tumor response by comparing short course concurrent chemoradiotherapy (CCRT)
with long course CCRT followed by delayed surgery in locally advanced rectal cancer.

Materials and Methods
Three hundred patients with cT3-4N0-2 rectal adenocarcinoma were included. Long course
patients from KROG 14-12 (n=150) were matched 1:1 to 150 short course patients from
KROG 10-01 (NCT01129700) and KROG 11-02 (NCT01431599) according to stage, age,
and other risk factors. The primary endpoint was to determine the interval between surgery
and the last day of neoadjuvant CCRT which yields the best tumor response after the short
course and long course CCRT. Downstaging was defined as ypT0-2N0M0 and pathologic
complete response (ypCR) was defined as ypT0N0M0, respectively.

Results
Both the long and short course groups achieved lowest downstaging rates at < 6 weeks
(long 20% vs. short 8%) and highest downstaging rates at 6-7 weeks (long 44% vs. short
40%). The ypCR rates were lowest at < 6 weeks (both long and short 0%) and highest at 
6-7 weeks (long 21% vs. short 11%) in both the short and long course arms. The downstag-
ing and ypCR rates of long course group gradually declined after the peak at 6-7 weeks and
those of the short course group trend to constantly increase afterwards.

Conclusion
It is optimal to perform surgery at least 6 weeks after both the short course and long course
CCRT to obtain maximal tumor regression in locally advanced rectal adenocarcinoma.

Key words
Rectal neoplasms, Chemoradiotherapy, Surgery interval
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Introduction

Colorectal malignancy is one of the frequently diagnosed
cancers worldwide and is second most commonly diagnosed
in South Korean adults [1]. Current standard in the treatment
of locally advanced rectal cancer (LARC) is a neoadjuvant 
radiotherapy (RT) followed by total mesorectal excision
(TME). For neoadjuvant therapy, either short course RT
alone or long course concurrent chemoradiotherapy (CCRT)
is feasible since they are known to have comparable outcome
[2]. To further enhance local control, the Korean Radiation
Oncology Group (KROG) conducted multi-institutional
prospective trials to evaluate the effect of preoperative short
course CCRT [3,4]. The outcomes of short course CCRT trials
were comparable to those of current therapies, but the field
is still young and remains to be explored.

Meanwhile, the optimal time to perform surgery, another
modifiable factor that may alter oncologic outcome has long
been recognized since the advent of neoadjuvant RT. Tradi-
tionally, the patients underwent immediate surgery after
short course RT, within 1 week after completion of RT. On
the contrary, delayed surgery was given after long course
CCRT in attempt to enhance tumor response. The effect of
surgical timing after long course CCRT has been studied by
several groups. The analyzed time intervals varied from less
than 5 days to over 12 weeks [5-8]. Many studies report that
longer interval yielded better outcome but there are some
contradicting results as well [5-7,9,10]. The exact time point
to perform surgery after long course CCRT is still uncertain.
In case of short course RT, there are results that longer inter-
val is better but the reported optimal time points are discor-
dant [11-13]. In this investigation, the effect of surgical timing
as a mode of intervention to enhance tumor response is 
explored by comparing short course CCRT with long course
CCRT followed by delayed surgery.

Materials and Methods

1. Patient enrollment

The eligibility criteria were as follows: (1) histologically
confirmed adenocarcinoma of the rectum; (2) classified as
cT3-4N0-2 by magnetic resonance imaging (MRI) and/or 
endorectal unltrasonography (EUS); (3) no evidence of dis-
tant metastasis; (4) no history of other malignancy except for
non-melanoma skin cancer; (5) Eastern Cooperative Oncol-
ogy Group performance status of 0-2; and (6) adequate bone
marrow, liver, and kidney functions. Three hundred patients

who received preoperative CCRT were included. Half of the
patients were enrolled in the short course CCRT group
(n=150) and the other half were included in the long course
CCRT group (n=150). The short course patients were enro-
lled in two prospective phase II trials (KROG 10-01 [NCT-
01129700] and KROG 11-02 [NCT01431599]) conducted from
February 2010 to July 2012 [3,4]. All of these patients were
given full information prior to consent for participation in
the trials. The long course patients were included in KROG
14-12, a retrospective multicenter investigation, performed
between January 2003 and May 2014 [3,14]. The institutional
review boards of all the participating institutions as well as
the central review board of the KROG approved of the study
protocols. Among the 1,804 enrolled long course patients, 150
patients were matched 1:1 to the 150 short course patients
using the following criteria: (1) TNM stage, (2) age ±3 years,
(3) tumor histology and grade, (4) distance of tumor from
anal verge, (5) the level of pre-chemoradiotherapy carci-
noembryonic antigen (CEA), (6) the type of surgery, and (7)
the year in which surgery was performed (±2 years).

2. Treatment

The short course arm received either 25 Gy in five fractions
concurrently with 5-fluorouracil, 400 mg/m2/day (n=70,
KROG 10-01) or 33 Gy in 10 fractions with capecitabine, 825
mg/m2 twice everyday (n=80, KROG 11-02). The long course
arm (n=150, KROG 14-12) underwent pelvic irradiation of 
45 Gy in 25 fractions followed by a boost of 5.4 Gy to the rec-
tal mass in three fractions. The long course patients were
given one of the following three chemotherapeutic regimens
concurrently with RT: (1) intravenous bolus 5-fluorouracil
(5-FU; 400 mg/m2/day) and leucovorin (20 mg/m2/day) at
the first and last weeks of RT, (2) oral capecitabine (825
mg/m2) twice a day during RT, and (3) continuous 5-FU 
infusion (225 mg/m2/day) during RT. The timing of surgery
after CCRT was decided at physician’s discretion. The time
interval between the end of RT and surgery ranged from 4.9
to 14.7 weeks (median, 7.6 weeks). All patients underwent
total TME after CCRT. The postoperative chemotherapy was
considered according to the institutional policy.

3. Evaluation

Initial staging defined by the American Joint Committee
on Cancer criteria, seventh edition, was performed with dig-
ital rectal examination, CEA, colonoscopy and biopsy, chest
and abdomen computed tomography, pelvic MRI, and EUS
if amenable. Certified colorectal pathologists examined the
pathologic specimens to report the tumor histology and
grade, lymph node metastasis, lymphovascular invasion,
perineural invasion, and circumferential resection margin
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(CRM). Involved CRM was defined as tumor cell within 
1 mm or less from the resection margin. The final pathologic
stage of the surgical specimen was compared with the initial
clinical stage classified prior to neoadjuvant chemoradiation. 

4. Endpoints and statistics

The primary endpoint of this study was to determine the
interval between surgery and the last day of neoadjuvant
CCRT which yields the best tumor response after the short
course and long course CCRT. Secondary endpoint was
tumor response after neoadjuvant CCRT evaluated with
downstaging and pathologic complete response (ypCR)
rates. Downstaging was defined as ypT0-2N0M0 and ypCR
was defined as ypT0N0M0, respectively [3,4]. The factors 
associated with higher downstaging and ypCR rates were
also analyzed. The difference between the short course and
long course groups were evaluated using chi-squared test,
Fisher exact test, Student’s t test, and Mann-Whitney U test.
The statistical significance was defined as an  -level of 0.05.
The statistical analyses were performed using the Microsoft

Excel and IBM SPSS standard ver. 24 network (IBM Corp.,
Armonk, NY).

5. Ethical statement

The study was approved by the Institutional Review Board
of Seoul St. Mary’s Hospital (IRB No. KC13RIMI0425) and
performed in accordance with the principles of the Declara-
tion of Helsinki. Written informed consents were obtained.

Results

The patient and tumor characteristics are summarized in
Table 1. The age, sex, initial clinical stage, and histological
grades were evenly distributed between the short course and
long course groups. There was no difference in pretreatment
CEA levels and the distance of tumors from anal verge. The
patients were well-balanced between the two groups.

Characteristic Short course Long course p-value(n=150) (n=150)
Age (yr) 61 (35-83) 63 (33-81)

< 60 68 (45.3) 59 (39.3) 0.29
 60 82 (54.7) 91 (60.7)

Sex
Male 102 (68.0) 96 (64.0) 0.47
Female 48 (32.0) 54 (36.0)

Clinical T stage
cT3 142 (94.7) 138 (92.0) 0.36
cT4 8 (5.3) 12 (8.0)

Clinical N stage
cN0 23 (15.3) 34 (22.7) 0.11
cN1-2 127 (84.7) 116 (77.3)

Histological grade
WD 19 (12.7) 28 (18.8) 0.11
MD 126 (84.0) 111 (74.5)
PD 5 (3.3) 10 (6.7)

Pre-CCRT CEA (ng/mL) 2.8 (0.4-68.1) 3.1 (0-61)
< 5 112 (74.7) 102 (69.4) 0.31
 5 38 (25.3) 45 (30.6)

Distance of tumor from anal verge (cm)
< 5 70 (46.7) 58 (38.7) 0.16
 5 80 (53.3) 92 (61.3)

Table 1. Patient and tumor characteristics of short course and long course groups

Values are presented as median (range) or number (%). WD, well differentiated; MD, moderately differentiated; PD, poorly
differentiated; CCRT, chemoradiotherapy; CEA, carcinoembryonic antigen.
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1. Tumor response and sphincter preservation

Downstaging was achieved in 32.7% (n=49) of the short
course arm compared to 36.7% (n=55) of the long course
group without statistically significant difference. There was
no difference in the ypCR rates between the two groups
(short course 8% vs. long course 13.3%, p=0.1). The sphincter
preservation rates were identical between the two groups
(94%, n=141 in both groups). The tumor response and
sphincter preservation rates are summarized in Table 2. 

2. Tumor response according to interval between chemora-
diation and surgery

The downstaging rates and ypCR rates by weeks of the
long course group were numerically higher than those of the
short course group but the differences were statistically 
insignificant. The downstaging rates of the long course and
short course arms by weeks are plotted in Fig. 1. Both the
long and short course groups achieved lowest downstaging
rates at < 6 weeks and highest downstaging rates at 6-7
weeks. In long course arm, the downstaging rate of 20% at 
< 6 weeks was much lower than the total rate of 37%. The
peak downstaging rate at 6-7 weeks (44%) seemed to be
higher than the total rate. Similarly, in the short course arm,
the downstaging rate at < 6 weeks (8%) was markedly lower
than the total rate of 33%. The rate at 6-7 weeks (40%) was
higher than the total rate. However, after the peak at 6-7
weeks, long course and short course groups showed different
pattern of downstaging rates. The rates of long course 
patients gradually declined after the peak at 6-7 weeks with
a rate of 33% at > 8 weeks, which was lower than the total
rate of 37%. On the other hand, the rate of the short course
patients trends to constantly increase except for a temporary
drop at 7-8 weeks. 

Likewise, in Fig. 2, the ypCR rates were lowest at < 6 weeks
and highest at 6-7 weeks in both the short and long course
arms. Both arms had ypCR rates of 0% at < 6 weeks. The
highest ypCR rate of 21% at 6-7 weeks was numerically

Cancer Res Treat. 2018;50(3):1039-1050

Short course Long course p-value(n=150) (n=150)
Downstaging (ypT0-2N0)

Yes 49 (32.7) 55 (36.7) 0.40
No 101 (67.3) 95 (63.3)

ypCR (ypT0N0)
Yes 12 (8.0) 20 (13.3) 0.10
No 138 (92.0) 130 (86.7)

Sphincter preservation
Yes 141 (94.0) 141 (94.0) > 0.99
No 9 (6.0) 9 (6.0)

Table 2. The downstaging, ypCR, and sphincter preservation rates

ypCR, pathologic complete response.

Fig. 1.  Distribution of downstaging rates by weeks since
completion of radiotherapy to surgery in short course and
long course patients.
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higher than the total rate of 13% in the long course group.
The ypCR rate of short course arm also peaked at 6-7 weeks
achieving 11%, which was higher compared with the total
rate of 8%. The patterns of ypCR rate by weeks in both
groups were also similar to those of the downstaging rate.
The rates of long course patients gradually declined after the
peak at 6-7 weeks with a rate of 8% at > 8 weeks, which was
definitely lower than the total rate of 13%. On the other hand,
the rates of the short course patients trend to constantly rise
except for a temporary drop at 7-8 weeks. Of note, there were
higher rates of patients with adverse factors included in the
7-8 weeks compared with those of the rest of the weeks. The
rates of adverse factors were as follows: (1) T4 primary, 7-8
weeks 9.1% vs. other weeks 4.3%; (2) node positivity, 7-8
weeks 87.9% vs. other weeks 83.8%; and (3) involved CRM,
7-8 weeks 12.1% vs. 7.7%.

3. Factors associated with tumor response

The factors associated with downstaging after short course
and long course CCRT are summarized in Table 3. In uni-

variate analysis, lower CEA, anal verge (AV) < 5 cm, and 
6- to 7-week interval between RT and surgery were associ-
ated with higher odds for downstaging. In multivariate
analysis, age < 60 years, CEA < 5 ng/mL, distance of tumor
from AV < 5 cm, and   6- to 7-week interval between RT and
surgery were statistically significant factors for downstaging.
Table 3 also shows the factors associated with ypCR after
short course and long course CCRT. Lower CEA was the
only factor which was significantly associated with ypCR in
both the univariate and multivariate analyses. Six- to 7-week
interval between RT and surgery was marginally associated
with ypCR in univariate analysis and the significance was
not retained in the multivariate analysis.

Discussion

The treatment of LARC has evolved continuously over the
past decades. For surgery, TME has become the current stan-
dard since first reported by Heald et al. in 1982 [15]. Like-
wise, the contemporary regimens of preoperative RT and
CCRT have constantly developed since the 1980s [16-18].
Since the establishment of these treatments as the standard,
the importance of when to operate after the completion of
neoadjuvant therapy has been recognized. Both short course
RT and long course CCRT are feasible based on the results
of a phase III trial which compared the two options and 
reported comparable outcome [18]. The virtue of short course
RT is in its rapidity. Therefore, most patients were operated
immediately after short course RT. On the contrary, surgery
was performed with longer interval after long course CCRT.
Consequently, most studies reporting the impact of surgical
timing is predominantly on the long course CCRT.

In prospective trials comparing immediate versus delayed
surgery after long course CCRT, there was no statistically sig-
nificant difference in tumor response between short and long
intervals. The long course CCRT was given up to 45-54 Gy
in conventional fractionation. Stein et al. [5] reported 7%
higher ypCR rate in the long interval group (p=0.97). In a
study by Fang et al. [19] and colleagues, ypCR rate was 6.6%
higher in the short interval group (p=0.37). The recently pub-
lished GRECCAR-6 trial reported that there was no differ-
ence in ypCR rate between the 7-week (15%) and 11-week
(17.4%) groups (p=0.60) [9]. In retrospective analyses, there
were some reports with significantly different tumor 
response between short and long intervals. The ypCR rates
were superior in the long interval group in studies by
Tulchinsky et al. (long 34.5% vs. short 16.7%, p=0.03) [6] and
de Campos-Lobato et al. (long 31.1% vs. short 16.2%, p=0.03)
[20]. On the contrary, ypCR rate was higher in the short 
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Fig. 2.  Distribution of pathologic complete response (ypCR)
rates by weeks since completion of radiotherapy to sur-
gery in short course and long course patients.
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interval group according to an analysis by Habr-Gama et al.
(short 11% vs. long 6%, p=0.009) [7]. Thus, there is still no
consensus whether short or long interval yields better tumor
response. Moreover, the criteria that divide short and long
intervals are different among studies so it is difficult to pro-
pose a specific interval as the optimal time to perform sur-
gery after long course CCRT.

The impact of surgical timing after short course RT alone
has also been investigated. In the Lyon R90-01 trial, surgery
was performed either within 2 weeks (short interval group)
or 6-8 weeks (long interval group) after delivery of 39 Gy in
13 fractions [13]. Pathologic downstaging was observed more
in the long interval group (p=0.007). A pooled analysis of the
Dutch trial reported that pathologic stage was lower in 
patients who were operated after 8 days compared with 
patients who were immediately operated (p < 0.001) [11].
Even though there is consensus that delayed surgery yields
greater pathologic response, the optimal timing of surgery
after short course RT is also controversial.

In case of short course CCRT, no previous studies have 
reported the optimal timing of surgery. The outcomes of
short course CCRT have been reported but the interval 
between surgery and CCRT were never a primary endpoint
[3,14,21]. The ypCR rates after short course CCRT have been
reported up to 21.1%, which is fairly comparable to those
after long course CCRT or short course RT alone. 

To find out the optimal time of surgery yielding maximal
tumor response, we balanced the pretreatment demograph-
ics of short course and long course CCRT patients and then
analyzed the pathologic response per weeks between neoad-
juvant therapy and surgery. According to our data, the 6- to
7-week interval between RT and surgery was significantly
associated with downstaging in multivariate analysis. Its 
association with ypCR was only marginal in univariate
analysis due to the small number of events. In general, the
response rate increased after 6 weeks but we also noticed a
pattern that tumor response was different by weeks. This
phenomenon may be explained by the pattern of response
rather than a simple binary division of high or low response
rate between a single time point. Previous studies were based
on dichotomous analysis that tried to define a single time
point. This may be one of the reasons why the interval crite-
ria were different among previous studies and a single, clear-
cut conclusion could not be drawn.

In addition, we noted that the patterns of pathologic 
response were different between short course and long
course CCRT. Although as a hypothesis, this phenomenon
directed our interest towards the radiobiology arising from
the difference in delivered radiation between the two
courses. Tumor response comes from the death of tumor
cells. However, tumor cells go through accelerated repopu-
lation which starts approximately 4 weeks after initiation of

RT [22]. Accelerated repopulation is a response to radiation
injury in the normal and tumor cells. Thus, it persists as long
as the radiation injury continues. While accelerated repopu-
lation is a phenomenon of the surviving clonogen, tumor 
regression is that of the sterilized cells. Tumor regression,
which progresses regardless of radiation injury, may coexist
with accelerated repopulation, which is induced by radiation
injury.

Considering that accelerated repopulation starts 4 weeks
after beginning RT, short course CCRT which has an overall
treatment time of within 2 weeks is finished before acceler-
ated repopulation begins. Tumor response rate increases
with longer interval between RT and surgery. No specific 
interval for tumor regression has been reported in the in vivo
and in vitro preclinical studies since they cannot be indefi-
nitely observed. Surgery was performed median 13.1 weeks
after initiation of RT and median 7.7 weeks after completion
of RT in our data. In the literature, tumor regression was 
observed up to 20 weeks after initiation of RT in the British
study and > 11 weeks after completion of RT in the Dutch
study [23,24]. Thus, longer interval between short course
CCRT and surgery will improve tumor response [25]. This
phenomenon was also observed in our short course CCRT
data which showed increment of tumor response rate after 6
weeks except for a transient drop at 7-8 weeks. Particularly
high proportion of patients with poor prognostic factors was
included at 7-8 weeks.

In case of long course RT, the epithelial tumor cells are
known to go through accelerated repopulation by 4 to 6
weeks and require approximately 0.6 Gy/day to overcome
the effect of repopulation [26]. The total treatment time in our
long course CCRT group was 5.5 weeks, so given that accel-
erated repopulation starts at 4 weeks, the last 1.5 weeks (10
days) were under the effect of accelerated repopulation. As
shown in Table 4, 6 Gy is required to overcome the treatment
prolongation of 10 days in the long course arm. When the
total doses for short course arm were converted to equivalent
dose in 1.8 Gy fractions (EQD 1.8) and then compared with
the total dose of long course arm, despite the 6 Gy loss
caused by accelerated repopulation, long course arm still 
received 7.2-12.6 Gy more than the short course arm. Conse-
quently, the difference in EQD 1.8 between the short and the
long course arms led to the difference in the ypCR rate,
which was numerically 5.3% higher in the long course arm.

The tumor response rate showed a peak at RT-surgery 
interval of 6-7 weeks and then declined afterwards. This 
appears to be because accelerated repopulation overcomes
the increased tumor response by prolongation of interval at
6-7 weeks, or 11-12 weeks since the initiation of RT. There
are several factors explaining the gap between the previously
reported period of repopulation (4-6 weeks) and the point
where tumor response declined (11-12 weeks) in our data.
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Most reports of epithelial tumor cell repopulation are pre-
dominantly squamous cell carcinoma although the repopu-
lation in adenocarcinoma has also been rarely documented
[22,27]. Since accelerated repopulation is a response to radi-
ation-induced injury, it may be observed not only in squa-
mous cell carcinoma but also in adenocarcinoma. A Polish
study reported that accelerated repopulation measured by
tumor proliferation markers in rectal adenocarcinoma spec-
imens obtained at diagnosis and surgery occurred approxi-
mately 4 weeks after completion of RT [28]. Previous reports
are based on the data after RT alone but we delivered CCRT.
Chemotherapeutic agents have been suggested to have a role
in inhibition of tumor repopulation [29]. According to our
data, preoperative CCRT delays tumor repopulation so that
we can earn time to gain maximal pathologic tumor regres-
sion. Another reason may be due to the difference in out-
come measures. The tumor response was determined by
pathologic examination in our study while most of the pre-
vious data on accelerated repopulation evaluated clinical 
response [26]. Clinically complete response may still bear mi-
croscopic residual disease and longer time is required to 
obtain ypCR. Thus, we observed maximal tumor response 
> 6 weeks after long course CCRT and also after short course
CCRT. The underlying concept of radiobiologic hypothesis

Cancer Res Treat. 2018;50(3):1039-1050

Table 4. Dose and schedule difference leading to different patterns of pathologic complete response rate between the short
course and the long course concurrent chemoradiotherapy groups
Course Short Long
Total dose (Gy) 25 33 50.4
Fractions 5 10 28
EQD 1.8 (Gy), a/b=10 31.8 37.2 50.4
BED (Gy), a/b=10 37.5 43.9 59.5
Median RT duration (day) 5 11 38
RT duration > 4 wk No No Yes
(when accelerated repopulation begins)

Possibility for accelerated repopulation, No No Yes
RT duration-wise

Pattern of ypCR by weeks after RT  by weeks  by weeks  after 6-7 weeks
No. of days exceeding 4 wk (day) - - 10
Additional dose needed to overcome treatment prolongation (Gy) - - 6
Actual total dose considering the effect of treatment prolongation 31.8 37.2 44.4
(Gy in EQD 1.8, a/b=10)

Additional dose needed for equivalent treatment effect as 44.4 Gy 12.6 7.2 -
(Gy in EQD 1.8, a/b=10)

Total No. of patients 70 80 150
No. of patients with ypCR 3 9 20
Patient with ypCR (%) 4.3 11.3 13.3 

EQD 1.8, equivalent dose in 1.8 Gy fractions; BED, biologically effective dose; RT, radiotherapy; ypCR, pathologic complete
response.

Fig. 3.  A hypothesis of radiobiology behind the difference
in distribution of pathologic complete response (ypCR)
rates by weeks since completion of radiotherapy to sur-
gery in short course and long course chemoradiation.
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is illustrated in Fig. 3.
We concentrated on radiobiolgically understanding the

pattern of tumor response by weeks between RT and sur-
gery. However, an interval criterion may also be derived
from our data and is summarized with previous studies as
shown in Table 5. Since the best response was observed in 
6-7 weeks and all pathologic response appeared after 6
weeks, the minimum interval required to acquire desirable
pathologic response is over 6 weeks. In that sense, our data
is in accordance with previous studies on surgical timing,
which generally suggest 6-8 weeks after long course CCRT
or short course RT alone [13,30].

However, accelerated repopulation continues until the 
integrity of tissue is restored [31]. Considering the duration
of acute toxicity is within 3 months, the duration of acceler-
ated repopulation can be estimated to last approximately 12
weeks. To identify the duration of accelerated repopulation,
we attempted to analyze the difference in ypCR rates 
between 8-12 weeks versus > 12 weeks. However, due to the 
reduction of resectability with longer surgical interval caused
by fibrosis, there were too small number of patients operated
after 12 weeks and was inadequate for analysis. Therefore,
after 6-7 weeks, our data mainly comprises 8-12 weeks rather
than > 12 weeks, which makes the ypCR rate curve look con-
stantly declining.

The results of randomized trials conducted by the Royal
Marsden Hospital (RMH) and the French group (GRECCAR-
6) were recently reported. The trial designs were similar,
comparing 6 weeks versus 12 weeks in the RMH trial and 7
weeks vs. 11 weeks in the GRECCAR-6 trial. However, the
results were controversial and the RMH trial reported supe-
rior tumor response in the 12-week group while the GREC-
CAR-6 trial reported no difference in tumor response,
sphincter preservation rate, and surgical complication 
between the 7-week and the 11-week groups [9,32].

Due to the novelty of short course CCRT, we did not have
the luxury of a study population large enough to achieve sta-
tistically significant difference. To the best of our knowledge,
we are the first to analyze the pathologic response by surgical
timing in both short course and long course CCRT. We are
also the first group to observe the pattern of tumor response
by weeks and make a radiobiologically hypothetical approach.
However, this is our major limitation. Although pertinent,
our explanation for the difference in pattern between the
short course and long course arms are based on the hypoth-
esis of accelerated repopulation. Another limitation is that
due to the small sample size, the difference between the two
groups were numerical.

Although there is no high level evidence that ypCR 
directly correlates with survival as of yet, it is well-docu-
mented that patients who yielded ypCR at surgery have
more favorable outcome at individual levels [33]. Thus, we

analyzed the effect of surgical timing on pathologic tumor
response. However, toxicity is another important endpoint
in neoadjuvant therapy of LARC and we are still under the
process of toxicity evaluation. Because toxicity deals with
normal tissue and it has different alpha/beta ratio compared
with tumor, we are planning to report it separately in the
near future. Other endpoints commonly adopted in the
neoadjuvant therapy of LARC are sphincter preservation rate
and R0 resection rate. Since they are vulnerable to surgical
factors, we did not take them under consideration. The ypCR
rates in this study are a few percents lower than other data.
This means our pathologic evaluation was more vigorously
and thoroughly performed.

In conclusion, it is optimal to perform surgery at least 6
weeks after short course and long course CCRT in order to
obtain maximal tumor regression in rectal adenocarcinoma.
However, according to the results of recently reported ran-
domized trials, it is still controversial whether surgery
should be further delayed up to 11 to 12 weeks after comple-
tion of RT. Although the tumor response rates were compa-
rable between short course and long course CCRT, the
patterns of pathologic response were different by weeks of
surgical timing between short course and long course CCRT.
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