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S-1 Based Doublet as an Adjuvant Chemotherapy for Curatively
Resected Stage III Gastric Cancer: Results from the Randomized
Phase III POST Trial
Purpose
We conducted a randomized, multicenter, phase III trial to compare S-1 plus docetaxel (DS)
with S-1 plus cisplatin (SP) as adjuvant chemotherapy for stage III gastric cancer patients.

Choong-kun Lee, MD1
Minkyu Jung, MD, PhD1
Hyo Song Kim, MD, PhD1
Inkyung Jung, PhD2
Dong Bok Shin, MD, PhD3
Seok Yun Kang, MD, PhD4
Dae Young Zang, MD, PhD5
Ki Hyang Kim, MD, PhD6
Moon Hee Lee, MD, PhD7
Bong-Seog Kim, MD, PhD8
Kyung Hee Lee, MD, PhD9
Jae-Ho Cheong, MD, PhD10
Woo Jin Hyung, MD, PhD10
Sung Hoon Noh, MD, PhD10
Hyun Cheol Chung, MD, PhD1,11,12
Sun Young Rha, MD, PhD1,11,12

Materials and Methods
Stage III gastric cancer patients who had received curative gastrectomy with D2 lymphadenectomy were randomized into equal groups to receive adjuvant chemotherapy of
eight cycles of DS (S-1 70 mg/m2/day on days 1-14 plus docetaxel 35 mg/m2 on days 1 and
8) every 3 weeks or SP (S-1 70 mg/m2/day on days 1-14 plus cisplatin 60 mg/m2 on day 1)
every 3 weeks. The primary endpoint was 3-year disease-free survival (DFS) rate.
Results
Between November 2010 and July 2013, 153 patients (75 patients to DS and 78 patients
to SP) were enrolled from 8 institutions in Korea. After the capecitabine plus oxaliplatin was
approved based on the CLASSIC study, it was decided to close the study early. With a median
follow-up duration of 56.9 months, the 3-year DFS rate between two groups was not significantly different (49.14% in DS group vs. 52.5% in SP group). The most common grade 3-4
adverse event was neutropenia (42.7% in DS and 38.5% in SP, p=0.351). SP group had
more grade 3-4 anemia (1.3% vs. 11.5%, p=0.037), whereas grade 3-4 hand-foot syndrome
(4.1% vs. 0%, p=0.025) and mucositis (10.7% vs. 2.6%, p=0.001) were more common in
DS group. Fifty-one patients (68%) in DS group and 52 (66.7%) in SP group finished planned
treatment.

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

Conclusion
Our findings suggest that SP or DS is an effective and tolerable option for patients with
curatively resected stage III gastric cancer.

Key words
Stomach neoplasms, Stage III, S-1 based doublet, Docetaxel,
Cisplatin, Adjuvant chemotherapy
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Introduction
Gastric cancer is the second leading cause of the cancer
death worldwide, and is particularly prevalent in Eastern
Asia, Eastern Europe, and South America [1]. The overall
5-year relative survival rate was 37.8% in the Surveillance,
Epidemiology, and End Results data [2], and 55.7% in the
Korea National Cancer Incidence Database [3] for locally
advanced gastric cancer. Complete surgical resection remains
the only chance of a cure in gastric cancer patients, and gastrectomy with D2 lymphadenectomy is a standard surgical
treatment for locally advanced gastric cancer. Since approximately 40% to 80% of gastric cancer patients still suffer
recurrence and ultimately die from the disease [4], there has
always been an urgent need for effective adjuvant chemotherapy or radiotherapy. The recent adjuvant trials in gastric cancer have shown improved survival in patients treated
with adjuvant chemotherapy compared to those who underwent surgery alone [5,6] especially in Asia. Based on individual patient data from 17 randomized clinical trials, metaanalysis from the GASTRIC (Global Advanced/Adjuvant
Stomach Tumor Research International Collaboration) group
showed that postoperative adjuvant chemotherapy based on
a fluorouracil regimen was associated with longer survival
in gastric cancer compared with surgery alone [7]. In 2007, a
large-scale study by the Adjuvant Chemotherapy Trial of
S-1 for Gastric Cancer (ACTS-GC) group reported the first
positive phase III result addressing superiority of adjuvant
chemotherapy with an oral fluoropyrimidine, S-1 monotherapy versus surgery [5]. However, subgroup analysis revealed
that S-1 only provided a survival benefit among patients with
an early disease stage (II or IIIA) who had undergone D2 gastrectomy [8]. Therefore, a more efficient chemotherapy regimen, for example one based on a drug doublet, is needed to
improve the outcome of patients with locally advanced—
especially stage III—gastric cancer after curative resection.
With only limited adjuvant S-1 monotherapy benefit in stage
III gastric cancer patients even after 5-year follow up period
of the ACTS-GC trial [8], and no general consensus about the
best adjuvant treatment option, we designed a phase III trial
to establish the effectiveness of an S-1 containing doublet regimen for advanced American Joint Committee on Cancer
(AJCC) seventh stage III patients after curative gastrectomy.
Capecitabine plus oxaliplatin seems to be effective for
advanced stage II and III gastric cancer patients, but the high
incidence of hand-foot syndrome and peripheral neuropathy
are toxic for many patients [6]. And the CLASSIC trial result
was not available when we planned this phase III trial.
Because S-1 is tolerable and widely accepted as an effective
therapeutic agent for resected gastric cancer in an adjuvant
setting, adding other cytotoxic agent seemed reasonable.
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In order to identify an efficient doublet antineoplastic regimen that could improve treatment outcome, among late
stage advanced gastric cancer patients after D2 gastrectomy,
the Post Operation chemotherapy with S-1 and Taxotere in
curatively resected gastric cancer of stage III (POST) study
was designed. This study compared the effect of two adjuvant S-1 based doublet regimens, S-1 plus docetaxel (DS)
with S-1 plus cisplatin (SP), on the disease-free survival (DFS)
of D2 resected stage III gastric cancer patients. There have
been several previous randomized control trials of DS or SP
as palliative treatments in metastatic gastric cancer [9-11], but
there has been no phase III study to directly compare these
two doublet regimens, or to assess their use in adjuvant therapy for D2 resected stage III advanced gastric cancer.

Materials and Methods
1. Study design and treatment
The POST trial was an open-label, phase III, randomized
controlled study, performed in eight centers in South Korea.
The primary aim of the study was to compare the DFS following S-1 doublets between DS and SP. Gastrectomy with
D2 lymphadenectomy has been performed as a standard
procedure by all of the surgeons who participated in this trial
and the pathology reports were standardized based on D2
dissection in each institute. The patients were randomly
assigned to 6 months of treatment with eight cycles of either
DS (intravenous docetaxel [35 mg/m2 on days 1 and 8 of each
cycle] plus oral S-1 [35 mg/m2 twice daily on days 1 to 14 of
each cycle]) every 3 weeks, or SP (intravenous cisplatin [60
mg/m2 on day 1] plus S-1 [same dosage utilized in DS])
every 3 weeks. Oral S-1 was ministered after meal within one
hour. Pre-hydration before intravenous cisplatin following
the institutional protocol was mandatory to prevent nephrotoxicity. The randomization was stratified by institution and
disease stage (IIIA vs. IIIB vs. IIIC). Each stratum was randomized using the randomly permuted block method.
2. Patients
Inclusion criteria for patients were that they should have
histopathologically confirmed AJCC seventh stage III gastric
adenocarcinoma; undergone R0 resection (with no residual
microscopic tumor cells including margin) with D2 lymph
node dissection; age of 20 years or older; adequate renal function (creatinine clearance > 50 mL/min), hepatic function
(total bilirubin  1.5 times the upper limit of normal [ULN],
aspartate or alanine aminotransferase  2.5 times the ULN,
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alkaline phosphatase  2.5 times the ULN), and hematological function (absolute neutrophil count  1.5109/L or
platelet count  100109/L); and had an Eastern Cooperative
Oncology Group (ECOG) performance status of 0 or 1.
Exclusion criteria were as follows: a tumor other than adenocarcinoma; pregnancy or breast feeding; evidence of
metastasis including peritoneal or distant metastasis; any
previous treatment of cytotoxic chemotherapy, radiotherapy,
or immunotherapy for gastric cancer; previous major surgery
within 4 weeks before the start of the trial, or a failure to
recover from the surgery; previous history of other malignancies within 5 years except for cured skin basal cell carcinoma or cured in situ cervix cancer; gastrointestinal obstruction or malabsorption syndrome that can negatively affect
S-1 absorptions; R1 or R2 resection; other severe medical conditions; known dihydropyrimidine dehydrogenase deficiency; sensitivity to platinum agents or docetaxel; and inadequate organ function. All the patients had been randomized into either treatment group within 8 weeks after surgery.

The intent-to-treat (ITT) patient population, the population
for all primary analyses, included all randomly assigned
patients who had received at least one cycle of their allocated
treatment. Three-year DFS rate, the primary end point, was
predicted to be 40.0% and 55.0% in SP group and DS group,
respectively (hazard ratio [HR], 0.65), based on two docetaxel
and cisplatin combined studies [9,13]. Kaplan-Meier estimates
and Cox regression analyses of DFS and OS were calculated.
The two groups were compared using the stratified log-rank
test. With a predicted median follow-up duration of 3 years,
173 events were necessary to ensure 80% power for a twosided test at a significance level of 0.05. A sample size of 145
patients in each group was planned, allowing for a 10%
dropout rate. The safety analysis included all the ITT patients.
SPSS ver. 20 (IBM Corp., Armonk, NY) and the statistical software package R ver. 13.0 were used for statistical analyses. A
p-value of less than 0.05 was considered statistically significant.

3. Study end points and assessments

5. Accrual and time of analysis

Three-year DFS rate was chosen as the primary endpoint
because a recent meta-analysis showed that DFS is an acceptable surrogate end point for overall survival (OS) in trials of
cytotoxic agents for gastric cancer in the adjuvant setting [12].
DFS was defined as the time from randomization to the time
of recurrence of gastric cancer or death from any cause, and
was to be analyzed by intent-to-treat. Secondary end points
included OS, defined as the time from randomization to the
time of death from any cause, and safety profiles (adverse
events). Tumors were assessed radiographically using computed tomography at screening (baseline), every 3 months
after randomization during years 1 and 2, every 6 months
during year 3, and then yearly.
Toxicity was closely monitored during each treatment
cycle, and adverse events were graded according to the
National Cancer Institute’s Common Terminology Criteria
for Adverse Events ver. 4.0. The dose of each chemotherapeutic agent could be reduced if any of the following toxicities occurred in the preceding cycle: grade 4 leukopenia,
neutropenia or thrombocytopenia, febrile neutropenia grade
3 or higher, non-hematologic toxicity grade 3 or higher
except for hand foot syndrome, cardiac toxicity, and elevated
bilirubin of grade 2 or higher. The study drugs were discontinued if recovery did not occur within 3 weeks from the
planned day 1.

In January 2012, the phase III capecitabine and oxaliplatin
adjuvant study in stomach cancer (CLASSIC) study showed
a survival benefit of adjuvant capecitabine and oxaliplatin
chemotherapy compared to surgery alone, among stage
II-III gastric cancer patients who had undergone curative D2
gastrectomy [6]. Based on this trial, in March 2013, the
Korean Food and Drug Administration approved the use of
capecitabine and oxaliplatin for adjuvant chemotherapy after
curative gastrectomy. Since patients could be reimbursed by
National Insurance of Korea for the use of capecitabine and
oxaliplatin as an adjuvant therapy, the accrual rate of the
POST trial was reduced. The trial committee decided to close
the study early with the last patient enrolled in July 2013, and
the data cut-off date was April 30, 2017.

4. Statistical methods

6. Ethical statement
The protocol was approved by the institutional review and
ethics board of each participating center. The study was conducted in accordance with the Declaration of Helsinki and
the Good Clinical Practice Guidelines defined by the International Conference on Harmonization. All patients provided written, informed consent before enrollment. The trial
is registered at ClinicalTrials.gov (NCT01283217).
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Table 1. Baseline patients’ characteristics
Characteristic
Sex
Male
Female
Age, median (range, yr)
ECOG performance
0
1
Cell type (WHO classification)
Tubular adenocarcinoma well differentiated
Tubular adenocarcinoma moderately differentiated
Tubular adenocarcinoma poorly differentiated
Signet ring cell
Hepatoid adenocarcinoma
Mucinous adenocarcinoma
Undifferentiated adenocarcinoma
Lauren classification
Intestinal type
Diffuse type
Mixed
Unknown
No. of retrieved lymph nodes, median (interquartile range)
Tumor stage
T2
T3
T4
Nodal stage
0
1
2
3
AJCC 7th stage
IIIA
IIIB
IIIC
AJCC 6th stage
II
IIIA
IIIB
IV
Duration from surgery to initiate chemotherapy, median (range, wk)

DS (n=75)

SP (n=78)

46 (61.3)
29 (38.7)
54 (33-74)

56 (71.8)
22 (28.2)
58 (25-72)

45 (60.0)
30 (40.0)

53 (67.9)
25 (32.1)

0(
20 (26.7)
34 (45.2)
17 (22.7)
1 (2.4)
2 (2.7)
1 (2.4)

2 (0.3)
26 (33.3)
35 (44.9)
13 (16.7)
0(
1 (2.4)
1 (2.4)

11 (14.7)
29 (38.7)
2 (2.7)
33 (44.0)
43 (34-55)

16 (20.5)
18 (23.1)
8 (10.3)
36 (45.2)
40 (29-53)

2 (2.7)
15 (20.0)
58 (77.3)

3 (3.8)
24 (30.8)
51 (65.4)

1 (1.3)
5 (6.7)
23 (30.7)
46 (61.3)

0(
1 (1.3)
24 (30.8)
53 (56.7)

9 (12.0)
33 (44.0)
33 (44.0)

10 (12.8)
36 (46.2)
32 (41.0)

4 (5.3)
26 (34.7)
18 (24.0)
25 (33.3)
6.13 (2.7-8.7)

6 (7.7)
31 (39.7)
20 (25.6)
20 (25.6)
5.66 (2.5-7.8)

Values are presented as number (%) unless otherwise indicated. DS, docetaxel plus S-1; SP, S-1 plus cisplatin; ECOG, Eastern
Cooperative Oncology Group; WHO, World Health Organization; AJCC, American Joint Committee on Cancer.
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Fig. 1. Median relative dose intensities per regimen and cycle. Median relative dose intensities (RDIs) of S-1 in both groups
(A) and RDIs of docetaxel in docetaxel plus S-1 (DS) group or cisplatin in S-1 plus cisplatin (SP) group (B).

Table 2. Adverse events (n=153)
Treatment-related adverse event
Any
Hematologic toxicity
Febrile neutropenia
Neutropenia
Anemia
Thrombocytopenia
Non-hematologic toxicity
Abdominal pain
Anorexia
Nausea
Vomiting
Hand foot syndrome
Mucositis
Diarrhea
Paronychia
Alopecia
Fatigue
General weakness
Neuropathy

DS (n=75)

SP (n=78)

p-value

All

G3/4

All

G3/4

74 (98.7)

46 (61.3)

77 (98.7)

44 (56.4)

0.536

3 (4.0)
51 (68.0)
41 (54.0)
2 (2.6)

2 (2.7)
32 (42.7)
1 (1.3)
1 (1.3)

3 (3.8)
28 (35.9)
45 (57.6)
19 (24.3)

3 (3.8)
30 (38.5)
9 (11.5)
1 (1.3)

0.548
0.351
0.037
< 0.001

24 (32.0)
48 (64.0)
49 (65.3)
16 (21.3)
18 (24.0)
39 (52.0)
40 (53.3)
8 (10.7)
34 (45.3)
12 (16.0)
16 (21.3)
17 (22.7)

3 (4.1)
5 (6.7)
2 (2.7)
1 (1.3)
3 (4.1)
8 (10.7)
2 (2.7)
0(
0(
1 (1.3)
1 (1.3)
0(

15 (19.2)
47 (60.2)
51 (65.4)
17 (21.8)
7 (9.0)
18 (23.1)
35 (44.9)
0(
4 (5.1)
14 (18.0)
23 (29.5)
15 (19.2)

2 (2.6)
5 (6.4)
2 (2.6)
1 (1.3)
0(
2 (2.6)
3 (3.8)
0(
0(
1 (1.3)
2 (2.6)
1 (1.3)

0.193
0.892
0.999
0.997
0.025
0.001
0.478
0.003
< 0.001
0.944
0.493
0.487

Values are presented as number (%). One treatment related death in DS group: thromboembolism event. DS, docetaxel plus
S-1; SP, S-1 plus cisplatin.
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Results
1. Patient characteristics
Between November 2010 and July 2013, a total of 153
patients from eight centers in South Korea were randomly
assigned to DS (n=75) or SP (n=78) treatment groups (S1 Fig.).
Patient demographics and baseline disease characteristics
were well balanced between the two groups. Poorly differentiated and diffuse types of adenocarcinoma were the most
common histological type. Most of the patients had AJCC
seventh edition stage IIIB (n=69, 45.1%) or stage IIIC disease
(n=65, 42.5%) (Table 1).
2. Treatment compliance and toxicity
The median number of treatment cycles in each group was

8 (range, 1 to 8 cycles). The median relative dose intensity
(RDI) was 0.86 for both docetaxel and S-1 in DS group and
0.83 for cisplatin and 0.86 for S-1 in SP group. The RDI of
S-1 in both groups was reduced from the second cycle, and
the RDI of docetaxel in DS group and cisplatin in SP group
was reduced from the third cycle (Fig. 1). The number of the
patients who could not complete the full eight cycles of
chemotherapy was 24 (32.0%) in DS group and 26 (33.3%) in
SP group (p=0.683).
Most patients (98.7%) reported at least one adverse event.
The total incidence of grade 3 or 4 adverse events was 46
(61.3%) in DS group and 44 (56.4%) in SP group (p=0.536).
The most common grade 3 or 4 adverse event was neutropenia (42.7% in DS group and 38.5% in SP group, p=0.351)
(Table 2). SP treatment was associated with more frequent
hematologic adverse events such as grade 3 or 4 anemia
(1.3% vs.11.5%, p=0.037) or any grade of thrombocytopenia
(2.6% vs. 24.3%, p < 0.001). However, grade 3 or 4 non-hema-

Table 3. The reasons for chemotherapy cycle delays and reductions
Delayed cycles
Hematologic
Neutropenia
Febrile neutropenia
Anemia
Thrombocytopenia
Non-hematologic
General weakness
Nausea/Vomiting
Patients' refusal
Mucositis
Urticaria/Skin rash
Anorexia
Hand-foot syndrome
Weight loss
Fatigue
Diarrhea
Hemorrhoid
Nail Infection
Abdominal pain
Generalized edema
Common cold
Herpes zoster
Intestinal obstruction
Bilirubin elevation
Dizziness
Total, n (%)

DS, docetaxel plus S-1; SP, S-1 plus cisplatin.
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Dose reduced cycles

DS (n=495)

SP (n=512)

DS (n=495)

SP (n=512)

84 (
83 (
1(
0(
0(
46 (
8(
5(
4(
4(
4(
3(
3(
3(
0(
0(
2(
2(
1(
2(
2(
1(
1(
1(
0(
130 (26.3)

152 (
149 (
1(
1(
1(
20 (
2(
1(
6(
2(
0(
4(
0(
0(
3(
2(
0(
0(
0(
0(
0(
0(
0(
0(
0(
172 (33.6)

35 (
35 (
0(
0(
0(
36 (
4(
5(
2(
9(
1(
3(
4(
1(
3(
1(
0(
1(
0(
0(
0(
1(
0(
1(
0(
71 (14.3)

33 (
31 (
1(
0(
1(
23 (
4(
4(
0(
2(
0(
3(
0(
3(
1(
3(
0(
0(
2(
0(
0(
0(
0(
0(
1(
56 (10.9)
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Fig. 2. Kaplan-Meier curves of disease-free survival (A) and overall survival (B) in the intention-to-treat population.

tologic adverse events including hand-foot syndrome (4.1%
vs. 0%, p=0.025) and mucositis (10.7% vs. 2.6%, p=0.001)
were more commonly observed in DS group. Grade 1 or 2
paronychia (10.7% vs. 0%, p=0.003) and alopecia (45.3% vs.
5.1%, p < 0.001) were also more common in DS group. There
was one treatment-related death in DS group, from a thromboembolic event. The day after starting the seventh cycle of
DS treatment, this 67-year-old female patient’s dyspnea on
exertion worsened, and the patient died due to left pulmonary artery thromboembolism. The patient did not have
any other pre-disposing factor for pulmonary thromboembolism.
Among total 495 treatment cycles for DS group and 512
cycles for SP group, 130 cycles (26.3%) in DS group and 172
cycles (33.6%) in SP group (p=0.011) were delayed. The chemotherapy dose was reduced in 71 cycles (14.3%) in DS
group and 56 cycles (10.9%) in SP group (p=0.104). Overall,
the most common reason for delay in the initiation of treatment in each cycle and for the dose reduction was neutropenia (76.8% for of delayed cycles and 52.0% of dose reduced
cycles) (Table 3). With respect to adverse events (Table 2),
treatment delays were more common in SP group which was
associated with more frequent hematologic toxicities,
whether dose reductions were more common in DS group
which experienced more non-hematologic toxicities.
The treatment discontinuations were permanently developed from 24 patients in DS group and from 26 patients in
SP groups. The main reason for discontinued treatment was
toxicity (12 [50.0%] in DS group and 13 [50.0%] in SP group)
(S1 Fig.). The reasons for discontinuation due to toxicity in

DS group were allergic reaction (n=3), neutropenia, afferent
loop syndrome, skin rash, thromboembolic event, ileus,
hand-foot syndrome, general weakness, dyspnea, and nausea/vomiting (n=1 for each). In SP group, toxicities that
resulted in treatment discontinuation were neutropenia
(n=3), general weakness (n=2), thrombocytopenia, myocardiac infarction, neuropathy, skin rash, anorexia, acute cerebral infarction and pneumonitis (n=1 for each). Three patients in DS group and four patients in SP group were off the
study because of gastric cancer recurrence during the course
of the trial treatment.
3. Survival analysis
The median duration of follow-up was 53.6 months (range,
1.1 to 74.0 months) for DS group and 57.3 months (range, 1.7
to 73.1 months) for SP group. At the cut-off date for data collection on April 30, 2017, 43 patients (57.3%) in DS group and
40 patients (53.3%) in SP group developed DFS events. The
most common site of recurrence was the peritoneum (20 and
11 cases in DS and SP groups, respectively) (Table comparing
pattern of recurrences in S2 Table). Primary endpoint, the
3-year DFS rate, was 49.1% in DS group (median DFS, 35.5
months) and 52.5% in SP group (median DFS, 39.3 months).
The 3-year survival rate was 60.7% among DS group and
66.4% among SP group, with 31 (41.3%) and 32 (41.0%)
deaths in DS group (median OS, not reached) and SP group
(median OS, 64.4 months), during the follow-up period.
Every death was cancer-related. There was no statistically
significant difference in DFS (HR, 1.201; 95% confidence
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XELOX vs.
observation

UFT±
paclitaxel
vs. S-1±
paclitaxel
UFT±
paclitaxel
vs. S-1±
paclitaxel

DS vs. SP

DS vs. SP

CLASSIC [6]

SAMIT
(S-1 only) [14]

Current
study (DS)

Current
study (SP)

Stage

Regimen
65.8

355 AJCC 6th Palitaxel 80 mg/m2 D1,
I-IV (M0) 8, 1 wk rest then D1,
15 q4wks, 2 cycles
(total 3 cycles) 
S-1 80 mg/m2 BID D1-14,
q3wks, 12 cycles
75 AJCC 6th S-1 70 mg/m2/D D1-14,
IIIB-IV
docetaxel 35 mg/m2,
(AJCC
D1, 8, q3wks, 8 cycles
7th III)
78 AJCC 6th S-1 70 mg/m2/D D1-14,
IIIB-IV
docetaxel 60 mg/m2,
(AJCC
D1, 8, q3wks, 8 cycles
7th III)
66.7

68.0

70.4

N/A

RDI

86% (S-1)
83% (cisplatin)

86% (S-1 and
docetaxel)

N/A

57.3

53.6

61.3

62.8

34.2

34.8

52.5

49.1

Neutropenia 30
(38.5),
anemia 9 (11.7)

Neutropenia 32
(42.7)

Leukopenia 6 (1.2),
anemia 6 (1.2)

G3/4
hematologic
toxicity, n (%)

G3/4
nonhematologic
toxicities, n (%)

Mucositis 8 (10.8),
anorexia 5 (6.8),
abd pain 3 (4.1),
HFS 3 (4.1)
Anorexia 5 (6.5),
nausea 3 (3.9)

Anorexia 31 (6.0),
nausea 19 (3.7),
deiarrhea 16 (3.1)
74
Neutropenia 107 (22), Nausea 39 (8.0),
thrombocytopenia
vomiting 37 (7.0),
40 (8)
decreased appetite,
fatigue 23 (5.0)
N/A
Neutropenia 48 (13), Anorexia 24 (7),
(54.0 for
anemia 11 (3)
fatigue 12 (3),
monotherapy
abnormal total
group)
bilirubin 10 (3)
N/A
Neutropenia 83 (23), Anorexia 18 (5),
(57.2 for
leukopenia 16 (4)
fatigue 16 (4),
sequential
diarrhea 11 (3)
group)

72.2

Median
3-Year
follow up
DFS
duration (mo) rate (%)

85%
(capecitabine)
98%
(oxaliplatin)
N/A

Completion
of total
cycles (%)

520 AJCC 6th Capecitabine
67.0
II-IIIB
1,000 mg/m2 BID D1-14,
oxaliplatin 130 mg/m2 D1,
q3wks, 8 cycles
364 AJCC 6th S-1 80 mg/m2 BID D1-14,
61.5
I-IV (M0) q3wks, 16 cycles

529 AJCC 6th S-1 80 mg/m2/D D1-28,
II-IIIB
q6wks, for 1 yr

No.

RDI, relative dose intensity; DFS, disease-free survival; ACTS-GC, Adjuvant Chemotherapy Trial of S-1 for Gastric Cancer; AJCC, American Joint Committee on
Cancer; q6wks, ever 6 weeks; N/A, not available; XELOX, Xeloda (capecitabine) plus oxaliplatin; BID, twice a day; q3wks, ever 3 weeks; UFT, uracil-tegafur;
q4wks, every 4 weeks; DS, docetaxel plus S-1; SP, S-1 plus cisplatin; HFS, hand-foot syndrome.

SAMIT
(paclitaxel
then S-1) [14]

S-1 vs.
observation

Study
design

ACTS-GC [5]

Reference

Table 4. Comparison of phase III gastric cancer adjuvant chemotherapy studies
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interval [CI], 0.781 to 1.848; p=0.404) or OS (HR, 1.081; 95%
CI, 0.659 to 1.772; p=0.757) between DS and SP groups
(Fig. 2). The DFS and OS of eligible patients were also analyzed according to sex, age, ECOG performance status, cancer stage based on AJCC seventh, tumor stage, and nodal
stage. Stage IIIC subgroup among SP group showed significant benefit of DFS (HR, 2.018; 95% CI, 1.108 to 3.675;
p=0.022), and OS (HR, 2.149; 95% CI, 1.018 to 4.533; p=0.048),
but there was no significant interaction between the treatment group and any other subgroups in terms of survival
(Forest plots in S3 Fig.).

Discussion
This POST trial is the first randomized phase III trial comparing efficacy and tolerability of two S-1 based doublet regimens, DS and SP, in curatively resected stage III gastric
cancer patients based on the AJCC seventh edition. Unfortunately, because of the early termination, we could not show
any statistically significant advantage in terms of OS or DFS
for either regimen. However, both treatments seem to be an
effective and tolerable option for these patients.
S-1 was regarded to have advantages over capecitabine
among Asians in terms of reducing incidence of toxicities
such as stomatitis and hand-foot syndrome [15]. Several
chemotherapeutic regimens combining S-1 with other anticancer agents have been shown to improve the response rate
or median survival time in gastric cancer, mostly in phase II
studies [16-20]. From among many possible combinations of
anti-cancer drugs, we compared S-1 plus taxane (DS) with
S-1 plus platinum (SP) in this phase III study. Taxanes like
docetaxel has been shown to prolong survival when used as
a palliative treatment for advanced gastric cancer [21]. The
phase III START trial showed that the combination of S-1 and
docetaxel is more effective than S-1 monotherapy for
metastatic gastric cancer patients, with longer survival (12.5
months vs. 10.8 months, p=0.032) and a significant (16%)
reduction in the risk of death [22]. In addition, a phase II
study comparing docetaxel plus S-1 to docetaxel plus cisplatin suggested that DS was more effective (OS, 16 vs. 8.3
months) among chemotherapy naïve stage IV advanced gastric cancer patients [9]. Recently, another large phase III
adjuvant trial (SAMIT) result was published [14]. The study
tried to assess the superiority of adding paclitaxel to oral fluoropyrimidines as sequential treatment to locally advanced
gastric cancer patients after D2 dissection, but the trial failed
to show survival improvement. Cisplatin is generally accepted as a benchmark treatment when combined with 5-fluorouracil for advanced gastric cancer, although it has several

drawbacks, including high incidences of nausea, vomiting
[23] and renal toxicity [24]. Cisplatin has also been shown to
have an additive effect when combined with S-1 in advanced
gastric cancer. In the phase III SPIRIT trial, SP resulted in significantly longer survival compared to S-1 alone (OS, 13
months vs. 11 months; p=0.04) and a better response rate
(54% vs. 31%) [25]. Based on these previous studies, the aim
of this study was compare two S-1 based doublets to determine whether there was a significant increase in the 3-year
DFS rate when DS or SP were used to treat patients with
stage III gastric cancer.
The addition of docetaxel or cisplatin to S-1 was well-tolerated. We compared compliances and toxicities of our study
(POST) with three published phase III studies of adjuvant
chemotherapy for gastric cancer; ACTS-GC, CLASSIC, and
SAMIT (Table 4) [5,6,14]. Sixty-eight percent of patients in
DS group and 66.7% of patients in SP group completed 8
cycles as planned, which was comparable to that achieved in
the ACTS-GC (65.8% for S-1 monotherapy), SAMIT (61.5%
for S-1 monotherapy or 70.4% for paclitaxel then S-1 sequential therapy), and CLASSIC (67% for capecitabine plus oxaliplatin) trials. The median RDI was 86% for S-1 in both
groups, 86% for docetaxel in DS group, and 83% for cisplatin
in SP group. These findings were also comparable to those
of CLASSIC trial (capecitabine 85% and oxaliplatin 98%).
Comparing toxicities among patients treated using DS or SP
with those who were administered S-1 monotherapy (ACTSGC and SAMIT) revealed that adding docetaxel or cisplatin
increased hematologic toxicity (neutropenia and anemia) but
did not increased non-hematologic toxicities. In the capecitabine plus oxaliplatin group of the CLASSIC trial, 56% of
patients experienced grade 3 or 4 adverse events, while in
our study 61.3% and 56.4% of patients in DS and SP groups,
respectively. A comparison of the treatment groups in this
study revealed that patients treated with DS more frequently
had non-hematologic toxicities, while those treated with SP
more frequently suffered from hematologic toxicities (Table 2).
These higher incidences of non-hematologic adverse events
in DS group was related to more frequent dose reduction,
and higher incidences of hematologic adverse events
observed in SP group was related to more frequent treatment
cycle delays (Table 3). S4 Table shows a comparison of compliancy rates and toxicities in previously reported adjuvant
DS or SP chemotherapy trials, excluding those in which S-1
was given as a monotherapy during the first cycle [26-30].
The relative small number of accrued patients reduced the
statistical power of our study. It is hard to compare survival
outcomes of our study to that of previous studies, because
this study only included stage III gastric cancer patients
diagnosed on the basis of the AJCC seventh edition, and the
previous adjuvant phase III studies included patients with
stage II or III gastric cancer based on the AJCC sixth edition
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[6,8]. The more recent staging system classifies more than 15
positive nodes (N3b) as stage IIB or III, whereas it would
have been classified as stage IV by the AJCC sixth edition
staging system. Furthermore, invasion of the adjacent structure (T4b in the AJCC seventh edition and T4 in the AJCC
sixth edition) with any positive node was classed as stage IV
disease in the AJCC sixth edition but stage IIIB or IIIC disease
in the AJCC seventh edition (S5 Fig.). Comparing the distribution of disease stages according to the AJCC seventh and
sixth editions showed that 45 patients (3 patients with stage
IIIA, 15 patients with stage IIIB, and 27 patients with stage
IIIC; 29.4% in total) in this study would have been stage IV
according to the AJCC sixth edition, and would thus not be
eligible for the previous ACTS-GC or CLASSIC trials (S6
Fig.). So it is difficult to compare precisely, but our study has
enrolled higher stage patients, and survival is similar when
compared to Stage IIIB patients of CLASSIC or ACTS-GC trials.
In conclusion, postoperative DS and SP regimens were
well tolerated, and the safety data presented here are comparable with that of previous studies. Since the trial was
closed early, it didn’t have sufficient statistical power to
show a survival advantage for either regimen. We believe
that our preliminary findings warrant further clinical investigation.
Electronic Supplementary Material
Supplementary materials are available at Cancer Research and
Treatment website (https://www.e-crt.org).
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Purpose
The purpose of this study was to investigate the effect of hospital case volume on clinical
outcomes in patients with nasopharyngeal carcinoma (NPC).
Materials and Methods
Data on 1,073 patients with cT1-4N0-3M0 NPC were collected from a multi-institutional retrospective database (KROG 11-06). All patients received definitive radiotherapy (RT) either
with three-dimensional-conformal RT (3D-CRT) (n=576) or intensity-modulated RT (IMRT)
(n=497). The patients were divided into two groups treated at high volume institution (HVI)
(n=750) and low volume institution (LVI) (n=323), defined as patient volume  10 (median,
13; range, 10 to 18) and < 10 patients per year (median, 3; range, 2 to 6), respectively. Endpoints were overall survival (OS) and loco-regional progression-free survival (LRPFS).
Results
At a median follow-up of 56.7 months, the outcomes were significantly better in those
treated at HVI than at LVI. For the 614 patients of propensity score-matched cohort, 5-year
OS and LRPFS were consistently higher in the HVI group than in the LVI group (OS: 78.4%
vs. 62.7%, p < 0.001; LRPFS: 86.2% vs. 65.8%, p < 0.001, respectively). According to RT
modality, significant difference in 5-year OS was observed in patients receiving 3D-CRT
(78.7% for HVI vs. 58.9% for LVI, p < 0.001) and not in those receiving IMRT (77.3% for HVI
vs. 75.5% for LVI, p=0.170).
Conclusion
A significant relationship was observed between HVI and LVI for the clinical outcomes of
patients with NPC. However, the difference in outcome becomes insignificant in the IMRT
era, probably due to the standardization of practice by education.

Key words
Nasopharyngeal neoplasms, Hospital, Low- or high-volume,
Treatment outcome, Three-dimensional conformal radiotherapy,
Intensity-modulated radiotherapy
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Introduction
Surgeon expertise has a great impact on the treatment outcome of cancer surgery, and on surgical morbidity [1-3]; the
expertise of the radiation oncologist presumably has the
same impact on outcome and morbidity in radiotherapy
(RT), but this has not been well documented. To practice
“state of the art” RT, a radiation oncologist should have
knowledge of the natural history of the disease, proper
incorporation of multimodal images, and cross-sectional
anatomy; they should also be able to precisely delineate target volume, develop an optimal treatment plan with an
adequate dose to the target volume, avoid critical organs,
and accurately deliver the daily treatment. RT with insufficient target coverage and an excessive dose to critical organs
can result in lower loco-regional control, a higher incidence
of late toxicity, and poorer survival outcome. Therefore, substantial knowledge and experience are required to provide
high quality RT. Differences in the knowledge and experience among providers can make a difference in the outcome
of RT [4-6] in patients with head and neck cancer, particularly in the era of three-dimensional-conformal RT (3D-CRT)
or intensity-modulated RT (IMRT). However, there is substantial heterogeneity in target volume delineation and clinical practice among radiation oncologists [5], depending on
their experience and knowledge. Therefore, we postulated
that the experience of a radiation oncologist, as indexed by
hospital case volume (HCV), might have an impact on treatment outcome in patients with nasopharyngeal cancer
(NPC).
NPC arises from anatomically challenging region, but is
highly radio-curable disease, which makes RT with or without chemotherapy the mainstay of treatment [7]. Thus, NPC
might be a good candidate disease to evaluate the impact of
radiation oncologists’ experience on treatment outcome. We
retrospectively investigated the effect of HCV on overall survival (OS) and loco-regional progression-free survival
(LRPFS) in patients with NPC enrolled in a retrospective
multi-center trial (Korean Radiation Oncology Group
[KROG] 11-06).

Materials and Methods
1. Data source and study population
We collected the data of patients with cT1-4N0-3M0 NPC
from a NPC study database (KROG 11-06). KROG 11-06 was
a retrospective multi-center trial which included 14 institu-

tions that reviewed the NPC pattern of care and treatment
outcomes in patients with primary NPC treated from September 1988 to October 2011 [8]. The inclusion criteria were
histologically confirmed NPC, cT1-4N0-3M0 disease according to the seventh editions of Union for International Cancer
Control/American Joint Committee on Cancer (UICC/AJCC)
staging classification. At the time of data collection, patients
who had no baseline clinical information or had never completed RT were excluded from data collection. All patients
on the data base were included for this analysis. Computational tomography was routinely done in all institutions for
staging assessment. Magnetic resonance image (MRI) or
positron emission tomography (PET) was also used for staging in some institutions.
After excluding patients treated with two-dimensional
(2D) RT, 1,073 patients were analyzed. All patients received
definitive RT either with 3D-CRT (n=576) or IMRT (n=497).
The mean (±standard deviation [SD]) total 3D-CRT dose was
67.99±2.64 Gy in 38.0±2.8 fractions with a median fraction
size of 1.80 Gy (range, 1.50 to 2.40 Gy). The mean±SD total
dose for IMRT was 69.49±3.18 Gy in 31.8±3.4 fractions with
a median fraction size of 2.25 Gy (range, 1.8 to 3.0 Gy),
reflecting use of the concomitant boost technique.
2. Primary endpoint and covariates
To investigate associations between treatment outcome
and institutional volume, the institutions were divided into
high volume institutions (HVI) and low volume institutions
(LVI) (S1 Table). The number of patients treated per year was
calculated by dividing the total number of patients by the
total period over which the patients were treated at each
institution and it ranged from 2 to 18. HVI was defined as
patient volume  10 patients per year (median, 13; range, 10
to 18) and LVI as patient volume < 10 patients per year
(median, 3; range, 2 to 6). Ten patients per year was chosen
as cut-point because there was the largest gap between the
two consecutive values of 10 and 6. A total of 750 patients
were treated at 4 HVIs and 323 were treated at 10 LVIs.
The endpoints of this study were OS and LRPFS, which
were defined as the time from the start of RT to the time of
death from any cause (OS), and persistence or recurrence in
the nasopharynx or neck (LRPFS). Patients who had lost to
follow-up were censored at the time of their last follow-up.
The variables analyzed were age, Eastern Cooperative
Oncology Group (ECOG) performance status (PS), World
Health Organization (WHO) histologic type, TN category,
stage grouping, the utilization of MRI or PET for staging,
concurrent chemo-radiotherapy (CCRT; yes or no), RT
modality (3D or IMRT), and institutional case volume (HVI
or LVI).
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3. Statistical analysis
Baseline characteristics of the patients treated at HVI and
LVI were compared with the t test for continuous variables
and the chi-square test for categorical variables. The KaplanMeier method was used to assess event-time distributions
and the log-rank test was used to compare the event-time
distributions between the two groups. In both the univariate
and multivariate analyses, a p < 0.05 was considered signif-

icant. A Cox proportional hazard model was used with stepwise backward linear regression, where only variables whose
p-values were > 0.10 were removed and used in multivariate
analyses. Since there was significant imbalance in patient
characteristics between HVI and LVI, propensity score
matching analysis was done to reduce bias due to confounding variables. The propensity score was estimated using a
logistic regression model including variables of age, ECOG
PS, WHO histologic classification, TN category, stage group,

Table 1. Patient characteristics before propensity score matching
Characteristic
Age, median (range, yr)
Sex
Female
Male
ECOG PS
0-1
2
WHO histologic classification
I
II
III
Unknown
T category
1-2
3-4
N category
0-1
2-3
Stage group
I-II
III-IV
MRI
Not done
Done
PET
Not done
Done
Radiotherapy
3D-CRT
IMRT
CCRT
No
Yes

HVI
(n=750)

LVI
(n=323)

Total
(n=1,073)

p-value

49.8 (16-86)

52.8 (18-77)

50.5 (16-86)

< 0.001

197 (26.3)
553 (73.7)

103 (31.9)
220 (68.1)

300 (28.0)
773 (72.0)

0.060

717 (95.6)
33 (4.4)

308 (95.4)
15 (4.6)

1,025 (95.5)
48 (4.5)

0.859

111 (14.8)
258 (34.4)
343 (45.7)
38 (5.1)

51 (15.8)
65 (20.1)
191 (59.1)
16 (5.0)

162 (15.1)
323 (30.1)
534 (49.8)
54 (5.0)

< 0.001

435 (58.0)
315 (42.0)

170 (52.6)
153 (47.4)

605 (56.4)
468 (43.6)

0.104

315 (42.0)
435 (58.0)

155 (48.0)
168 (52.0)

470 (43.8)
603 (56.2)

0.070

179 (23.9)
571 (76.1)

89 (27.6)
234 (72.4)

268 (25.0)
805 (75.0)

0.201

240 (32.2)
506 (67.8)

220 (69.4)
97 (30.6)

460 (43.3)
603 (56.7)

< 0.001

410 (55.0)
336 (45.0)

250 (79.1)
66 (20.9)

660 (62.1)
402 (37.9)

< 0.001

359 (47.9)
391 (52.1)

217 (67.2)
106 (32.8)

576 (53.7)
497 (46.3)

< 0.001

183 (24.4)
567 (75.6)

77 (23.8)
246 (76.2)

260 (24.2)
813 (75.8)

0.844

Values are presented as number (%). HVI, high volume institutions; LVI, low volume institutions; ECOG PS, Eastern Cooperative Oncology Group performance status; WHO, World Health Organization; MRI, magnetic resonance image; PET,
positron emission tomography; 3D-CRT, three-dimensional-conformal radiotherapy; IMRT, intensity-modulated radiotherapy; CCRT, concurrent chemo-radiotherapy.
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Fig. 1. Kaplan-Meier survival curves of overall survival (OS) (A) and loco-regional progression-free survival (LRPFS) (B)
for both groups in entire cohort and propensity score-matched cohort. The OS (C) and LRPFS (D) were significantly higher
in high volume institutions (HVI) than in low volume institutions (LVI) for the cohort before and after propensity score
matching.
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Table 2. Multivariate analysis of the prognostic variables for predicting OS and LRPFS
Characteristic
Age (yr)
< 50
 50
ECOG PS
0-1
2
WHO histologic classification
I
II
III
Unknown
T category
1-2
3-4
N category
0-1
2-3
Stage group
I-II
III-IV
MRI
Not done
Done
PET
Not done
Done
Radiotherapy
3D-CRT
IMRT
HCV
HVI
LVI

OS

LRPFS

No. of
patients

HR

95% CI

p-value

HR

95% CI

p-value

492
581

1.00
1.88

1.47-2.40

< 0.001

1.00
1.24

0.94-1.64

0.123

1,025
48

1.00
2.16

1.46-3.21

0.001

1.00
1.73

1.02-2.93

0.044

162
323
534
54

1.00
0.57
0.81
-

0.41-0.79
0.47-1.40
-

< 0.001

1.00
0.54
0.52
0.82

0.37-0.79
0.37-0.74
0.45-1.52

0.002

605
468

1.00
1.72

1.29-2.30

< 0.001

1.00
1.78

1.35-2.34

< 0.001

470
603

1.00
1.46

1.08-1.97

0.015

1.00
1.21

0.84-1.75

0.304

268
805

1.00
1.61

0.98-2.63

0.060

1.00
1.13

0.66-1.95

0.658

460
603

1.00
1.17

0.89-1.55

0.267

1.00
1.04

0.74-1.45

0.840

660
402

1.00
0.79

0.59-1.06

0.111

1.00
0.84

0.60-1.18

0.307

576
497

1.00
0.85

0.66-1.10

0.218

1.00
0.99

0.74-1.33

0.959

750
323

1.00
2.03

1.60-2.57

< 0.001

1.00
2.14

1.63-2.80

< 0.001

OS, overall survival; LRPFS, loco-regional progression-free survival; HR, hazard ratio; CI, confidence interval; ECOG PS,
Eastern Cooperative Oncology Group performance status; WHO, World Health Organization; MRI, magnetic resonance
image; PET, positron emission tomography; 3D-CRT, three-dimensional-conformal radiotherapy; IMRT, intensity-modulated
radiotherapy; HCV, hospital case volume; HVI, high volume institutions; LVI, low volume institutions.

RT modality (3D or IMRT) and concurrent chemotherapy
(yes or no).

Results

4. Ethical statement

1. Patient characteristics and survival of the cohort before
propensity score matching

KROG 11-06 was approved by the institutional review
boards of each participating hospital and performed in accordance with the principles of the Declaration of Helsinki. The
informed consent was waived.

The patient and treatment characteristics stratified by HVI
and LVI are summarized in Table 1. The median follow-up
time was 56.7 months (range, 0 to 244 months). Median age
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Table 3. Patient characteristics after propensity score matching
Characteristic
Age, median (range, yr)
Sex
Female
Male
ECOG PS
0-1
2
WHO histologic classification
I
II
III
Unknown
T category
1-2
3-4
N category
0-1
2-3
Stage group
I-II
III-IV
Radiotherapy
3D-CRT
IMRT
CCRT
No
Yes

HVI
(n=307)

LVI
(n=307)

Total
(n=614)

p-value

52 (16-76)

53 (18-77)

53 (16-77)

0.199

78 (25.4)
229 (74.6)

100 (32.6)
207 (67.4)

178 (29.0)
436 (71.0)

0.062

296 (96.4)
11 (3.6)

292 (95.1)
15 (4.9)

588 (95.8)
26 (4.2)

0.549

39 (12.7)
68 (22.1)
187 (60.9)
13 (4.2)

48 (15.6)
65 (21.2)
180 (58.6)
14 (4.6)

87 (14.2)
133 (21.7)
367 (59.8)
27 (4.4)

0.785

160 (52.1)
147 (47.9)

170 (55.4)
137 (44.6)

330 (53.7)
284 (46.3)

0.466

134 (43.6)
173 (56.4)

142 (46.3)
165 (53.7)

276 (45.0)
338 (55.0)

0.570

74 (24.1)
233 (75.9)

89 (29.0)
218 (71.0)

163 (26.5)
451 (73.5)

0.201

204 (66.4)
103 (33.6)

201 (65.5)
106 (34.5)

405 (66.0)
209 (34.0)

0.865

73 (23.8)
234 (76.2)

75 (24.4)
232 (75.6)

148 (24.1)
466 (75.9)

0.925

Values are presented as number (%). HVI, high volume institutions; LVI, low volume institutions; ECOG PS, Eastern Cooperative Oncology Group performance status; WHO, World Health Organization; 3D-CRT, three-dimensional-conformal
radiotherapy; IMRT, intensity-modulated radiotherapy; CCRT, concurrent chemo-radiotherapy.

was older in patients treated at HVI versus LVI. A lower proportion of patients treated at HVI had WHO histologic grade
III tumors (45.7% vs. 59.1%, p < 0.001). MRI and PET were
more frequently used for staging in patients treated at HVI
than at LVI (MRI, 67.8% vs. 30.6%, p < 0.001; PET, 45.0% vs.
20.9%, p < 0.001, respectively). HVI were more likely to treat
patients with IMRT than 3D-CRT (52.1% vs. 32.8%, p <
0.001). A total of 304 patients died. Fig. 1 shows the KaplanMeier survival curves for both groups. The OS was significantly higher in HVI than LVI for the cohort before
propensity score matching (5-year, 78.1% vs. 62.5%; 10-year,
69.7% vs. 47.9%; p < 0.001). HVI was associated with higher
OS compared with LVI in the multivariate Cox regression
model (hazard ratio [HR], 0.48; 95% confidence interval [CI],
0.38 to 0.61; p < 0.001) (Table 2). Other variables significantly
associated with OS were age, PS, WHO histologic classifica-

tion, and TN category.
HVI was associated with significantly longer LRPFS compared to that of LVI (5-year, 81.8% vs. 66.0%; 10-year, 77.5%
vs. 63.3%; p < 0.001) (Fig. 1). This survival benefit at HVI was
also seen in the multivariate analysis (HR, 0.45; 95% CI, 0.34
to 0.59; p < 0.001) (Table 2).
2. Patient characteristics and survival of the cohort after
propensity score matching
A propensity score matching analysis was performed to
reduce bias due to confounding variables. Of the patients
treated at LVI, 307 were matched with 307 patients treated
at HVI. Table 3 shows the patients characteristics for the
propensity score-matched cohort. Variables including age,
WHO histologic classification, and RT modality (3D-CRT vs.
VOLUME 51 NUMBER 1 JANUARY 2019
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Table 4. Multivariate analysis of the prognostic variables for predicting OS and LRPFS in the propensity score-matched
cohort
Characteristic
Age (yr)
< 50
 50
ECOG PS
0-1
2
WHO histologic classification
I
II
III
Unknown
T category
1-2
3-4
N category
0-1
2-3
Stage group
I-II
III-IV
Radiotherapy
3D-CRT
IMRT
HCV
HVI
LVI

OS

LRPFS

No. of
patients

HR

95% CI

p-value

HR

95% CI

p-value

241
373

1.00
1.85

1.31-2.59

< 0.001

1.00
1.44

0.99-2.11

0.060

588
26

1.00
2.10

1.22-3.61

0.007

1.00
1.78

0.87-3.66

0.117

87
133
367
27

1.00
0.51
0.51
0.63

0.30-0.85
0.33-0.79
0.29-1.35

0.036

1.00
0.61
0.53
0.86

0.32-1.15
0.30-0.91
0.37-2.00

0.105

330
284

1.00
1.36

0.96-1.95

0.088

1.00
1.99

1.38-2.87

< 0.001

276
338

1.00
1.28

0.84-1.95

0.257

1.00
1.24

0.74-2.08

0.412

163
451

1.00
2.77

1.65-4.65

< 0.001

1.00
1.15

0.54-2.43

0.716

409
209

1.00
0.82

0.57-1.19

0.292

1.00
0.94

0.62-1.43

0.777

307
307

1.00
2.36

1.72-3.25

< 0.001

1.00
2.99

2.03-4.42

< 0.001

OS, overall survival; LRPFS, loco-regional progression-free survival; HR, hazard ratio; CI, confidence interval; ECOG PS,
Eastern Cooperative Oncology Group performance status; WHO, World Health Organization; 3D-CRT, three-dimensionalconformal radiotherapy; IMRT, intensity-modulated radiotherapy; HCV, hospital case volume; HVI, high volume institutions; LVI, low volume institutions.

IMRT) were well-balanced between the two groups after
propensity score matching.
A total of 196 patients died at a median follow-up of 55
months. As shown in the Kaplan-Meier survival curves for
both groups in the propensity score-matched cohort (Fig. 1),
OS was significantly higher in HVI than LVI (5-year, 78.4%
vs. 62.7%; 10-year, 71.6% vs. 47.0%; p < 0.001, respectively).
The multivariate Cox regression revealed that HVI was
associated with higher OS than LVI, with an estimated HR
of 0.43 (95% CI, 0.32 to 0.57; p < 0.001). Other variables associated with OS in multivariate analysis were age, PS, WHO
histologic classification, and stage group (Table 4).
As shown in Fig. 1, LRPFS was significantly higher in HVI
than in LVI (5-year, 86.2% vs. 65.8%; 10-year, 80.9% vs. 63.0%;
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p < 0.001). The LRPFS difference remained significant in
favor of patients treated at HVI in the multivariate analysis
(HR, 0.34; 95% CI, 0.23 to 0.49; p < 0.001). Other variable
associated with LRPFS was T category (Table 4).
To determine the impact of RT modality, the propensity
score-matched cohort was divided into 3D-CRT and IMRT
groups. Significant differences in OS (5-year OS, 78.7% for
HVI vs. 58.9% for LVI; p < 0.001) and LRPFS (5-year LRPFS,
83.6% for HVI vs. 67.1% for LVI; p < 0.001) were observed in
the 3D-CRT group (Fig. 2). No differences in OS (5-year OS,
77.3% for HVI vs. 75.5% for LVI; p=0.170) or LRPFS (5-year
LRPFS, 84.3% for HVI vs. 84.1% for LVI; p=0.692) were
observed in the IMRT group (Fig. 2).
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A

3D-CRT group

1.0
0.8

1.0

78.7%

LRPFS

OS

0.6
58.9%

0.4
HVI
LVI

0.2

0.8

83.6%

0.6

67.1%

0.4
HVI
LVI

0.2

p < 0.001

0

0

1

No. at risk
HVI 204
LVI 201

2

B

3D-CRT group

p < 0.001

3

159
126

4

5
6
Time (yr)

139
100

7

108
60

8

9

74
39

0

1

No. at risk
HVI 204
LVI 201

44
21

2

3

151
109

4

5
6
Time (yr)

133
94

C

IMRT group

1.0

0

10

7

104
63

8

9

71
39

10

43
21

D

IMRT group

1.0

84.3%
77.3%

0.8

0.8

75.5%

OS

LRPFS

0.6
0.4
HVI
LVI

0.2

84.1%

0.6
0.4
HVI
LVI

0.2

p=0.170

0

0

No. at risk
HVI 103
LVI 106

1

2

77
67

p=0.692

3

4

5
6
Time (yr)

42
33

23
13

7

8

10
4

9

10

0

0

No. at risk
HVI 103
LVI 106

1

2

76
60

3

4

5
6
Time (yr)

41
32

24
13

7

8

9

10

10
5

Fig. 2. Kaplan-Meier survival curves of overall survival (OS) (A, C) and loco-regional progression-free survival (LRPFS)
(B, D) for both groups in the subgroups of patients treated with three-dimensional-radiotherapy (3D-CRT) and intensitymodulated radiotherapy (IMRT) in the propensity score-matched cohort. Significant differences in OS (p < 0.001) and LRPFS
(p < 0.001) were observed in the 3D-CRT group and not in the IMRT group.
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Table 5. Acute and late toxicities according to the HCV in the propensity score-matched cohort

Acute toxicity
Hematologic
Grade 3
Grade 4
Grade 5
Mucositis
Grade 3
Grade 4
Xerostomia
Grade 3
Skin
Grade 3
Late toxicity  grade 3
Skin telangiectasia/Neck fibrosis
Mucositis
Bone necrosis
Carotid artery stenosis/Rupture
Brain necrosis/Myelopathy
CN palsy/Brachial plexopathy
Hearing difficulty/Labyrinthitis
Dysphagia
Xerostomia (at 2 years F/U)c)
Grade 2
Grade 3
Treatment related death

HVI (n=307)

LVI (n=307)

Total (n=714)

p-value

8 (2.6)
0(
0(

50 (16.3)
11 (3.6)
1 (0.3)

58 (9.5)
11 (1.8)
1 (0.2)

< 0.001a)

34 (11.1)
0(

60 (20.0)
5 (1.6)

94 (15.3)
5 (0.8)

2 (0.7)

27 (8.8)

29 (4.7)

< 0.001b)

12 (3.9)

10 (3.3)

22 (3.6)

0.664b)

5 (1.6)
11 (3.6)
2 (0.7)
2 (0.7)
4 (1.3)
4 (1.3)
2 (0.7)
3 (1.0)

5 (1.6)
8 (2.6)
1 (0.3)
1 (0.3)
4 (1.3)
4 (1.3)
4 (1.3)
1 (0.3)

10 (1.6)
19 (3.1)
3 (0.5)
3 (0.5)
8 (1.3)
8 (1.3)
6 (1.0)
4 (0.7)

> 0.999b)
0.484b)
> 0.999a)
> 0.999a)
> 0.999a)
> 0.999a)
0.686a)
0.624a)

30 (11.7)
2 (0.8)
2 (0.7)

17 (8.0)
0(
8 (2.6)

47 (9.9)
2 (0.4)
10 (1.6)

0.126a)

0.001a)

0.056b)

Values are presented as number (%). HCV, hospital case volume; HVI, high volume institutions; LVI, low volume institutions;
CN, cranial nerve; F/U, follow-up. a)By Fisher exact test, b)By chi square test, c)Xerostomia at 2 years F/U were assessed in a
total of 474 patients (256 in HVI and 218 in LVI).

3. Toxicity
Acute grade  3 toxicities occurred less frequently in
patients treated at HVI than those treated at LVI: hematologic toxicity (3.1% vs. 19.2%, p < 0.001), mucositis (18.4% vs.
22.0%, p=0.003), and xerostomia (0.9% vs. 9.0%, p < 0.001).
Xerostomia  grade 2 at 2 years after treatment was more frequently reported in patients treated at HVI than those treated
at LVI (13.0% vs. 7.4%, p=0.046). However, this difference was
not statistically significant in the propensity score-matched
cohort (12.5% vs. 8.0%, p=0.126, respectively) (Table 5). Other
late toxicities were reported in less than 3% of patients and
the incidences were comparable between HVI and LVI. Two
patients (0.3%) in HVI and eight patients (2.5%) in LVI died
of treatment related toxicity.
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Discussion
This study demonstrated a significant relationship
between institutional volume and long-term outcomes of
NPC. A higher institutional volume was associated with
higher OS (HR, 2.09; 95% CI, 1.65 to 2.64; p < 0.001) and
LRPFS (HR, 2.22; 95% CI, 1.69 to 2.91; p < 0.001). This difference remained significant after adjusting for covariates in the
multivariate and propensity score matching analyses. These
findings are consistent with other studies evaluating the volume effect in patients treated with definitive RT at diverse
cancer sites, including high-risk prostate cancer, locallyadvanced lung cancer, and NPC [9-12].
Wuthrick et al. [13] performed a secondary analysis of the
RTOG 0129 stage III-IV head and neck cancer RT trial, in
which all patients received definitive RT with IMRT, and
reported a greater risk of death in patients treated at histor-
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ically low-volume accrual centers (HR, 1.91; 95% CI, 1.37 to
2.65). Boero et al. [14] published the results of a retrospective
analysis of 6,212 patients with head and neck cancer using
the SEER-Medicare database. They found a significant relationship between provider volume and survival only for
patients receiving IMRT (HR, 0.79; 95% CI, 0.67 to 0.94), but
not for patients receiving conventional non-IMRT [14]. However, it is difficult to compare these results with ours because
the two studies included only a small proportion of NPC
cases (0%-2%) and the latter study also enrolled 35% patients
who underwent surgery prior to RT. Only one other study
included patients with NPC; Lee et al. [12] retrospectively
analyzed the Taiwan National Health Insurance Research
Database data of 1,225 patents treated between 1998 and
2000. They found that patients treated by high-volume physicians had a 14% relative improvement in adjusted 10-year
survival rate (high-volume vs. low/medium-volume physicians, 75% vs. 61%; p < 0.001). However, no information was
given about the impact of RT modality on outcome.
Surprisingly, the analysis of the impact of RT modality on
outcome showed that there was a significant relationship
between institutional volume and survival only for patients
receiving 3D-CRT (5-year OS, 78.7% for HVI vs. 58.9% for
LVI; p < 0.001) and not for those receiving IMRT (5-year OS,
77.3% vs. 75.5%; p=0.170). In contrast, Boero et al. [14]
demonstrated a significant relationship between provider
volume and survival only for patients receiving IMRT and
not for those receiving conventional RT, including 2D- and
3D-CRT. The reason for this discrepancy is not clear but one
potential explanation might be that IMRT was first introduced to Korea in 2001. Around this time, many guidelines
were published to help target delineation in head and neck
cancers. In addition, many educational sessions were provided by the Korean Society for Radiation Oncology to educate society members on how to contour targets and evaluate
treatment plans, which was not available for 3D-CRT. These
efforts may have had a standardizing effect on practice; thus,
no differences were found in outcome between HVI and LVI,
as a result of substantial improvement in LVI, approaching
that of HVI in the IMRT era. Notably, the 5-year OS rates
improved from 58.9% with 3D-CRT to 75.5% with IMRT in
the LVI, whereas they were similar at 78.7% for 3D-CRT and
77.3% for IMRT in the HVI. Thus, the standardization of
practice by education might have a role for improvement of
outcome in LVI.
The experience of a radiation oncologist as indexed by
HCV might be one explanation for the survival advantage in
patient treated at a HVI, as shown here. RT is a primary treatment for NPC, and a loco-regional control rate  90% can be
achieved with contemporary IMRT techniques [7,15]. However, NPC treatment is complex. Several confounding factors
influence the survival advantage in patients treated at a HVI.

The utilization of advanced imaging studies including MRI
and PET scans are helpful for accurate staging and target
delineation for RT planning, which might improve treatment
outcome. In this study, MRI and PET were performed twice
more frequently at HVI than at LVI which might influence
the better outcome at HVI. In univariate analysis, the OS and
LRPFS were significantly associated with the utilization of
PET (yes vs. no) (5-year OS, 78.7% vs. 70.6%; p=0.012; 5-year
LRPFS, 82.0% vs. 74.5%; p=0.010, respectively), whereas they
were not associated with the utilization of MRI. In multivariate analysis, the utilization of PET, however, became insignificant. Concurrent chemotherapy is also crucial for locallyadvanced NPC based on its survival benefit, as shown in
multiple randomized-controlled trials and meta-analyses
[16,17]. Given the complexity of the treatment for NPC, a
multidisciplinary approach is recommended to improve long
term survival and decrease long term toxicity. A HVI is likely
to involve a multi-disciplinary team with more experienced
radiologists, medical oncologists, radiation oncologists, and
other supporting personnel, which might result in better outcomes. Acute toxicities > grade 3 were more frequently
reported in LVI and treatment related mortality was also
higher in LVI, which could have attributed to lower survival
outcome in LVI. However, their impact on survival outcome
could not be investigated because of the retrospective nature
of the study.
Some limitations of our study should be mentioned. First,
the effect of non-RT factors was not fully controlled due to
the inherent shortcomings of a retrospective study. Detailed
information about the chemotherapy regimen, number of
cycles, and use of neo-adjuvant vs. adjuvant chemotherapy
were not available in all patients. Nevertheless, most patients
were given CCRT (75%) and this proportion was well-balanced between HVI and LVI. Given the lack of the information about socioeconomic status, there was the possibility of
selection, in which patients with a higher socioeconomic status and good overall health may have visited HVI and
sought expert opinions, which might have influenced the
outcome.
The current study also had strengths. First, we included a
large cohort comprised only of patients with NPC. This
homogeneity made it easier to specifically interpret the
impact of HCV on NPC outcomes. Second, we used a database for this retrospective study (KROG 11-06), which contained data on all patients who met the inclusion criteria
(cT1-4N0-3M0, previously untreated NPC), thus including
nearly all patients treated at each institution. In contrast to a
national insurance database, these data included detailed
information about the clinical status and treatment of each
patient.
Our results are unique because the HCV was more influential for patients receiving 3D-CRT than IMRT, which conVOLUME 51 NUMBER 1 JANUARY 2019
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tradicts previous studies [13,14]. More importantly, our data
suggest that the difference in outcome between HVI and LVI
can be overcome potentially by the standardization of practice.
A significant relationship was observed between HVI and
LVI for the clinical outcomes of patients with NPC. However,
the difference in outcome becomes insignificant in the IMRT
era, probably due to the standardization of practice by education.
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Purpose
The purpose of this study was to investigate the impact of contrast enhanced pancreatic
magnetic resonance imaging (MRI) in resectability and prognosis evaluation after staging
computed tomography (CT) in patients with pancreatic ductal adenocarcinoma (PDA).
Materials and Methods
From January 2005 to December 2012, 298 patients were diagnosed to have potentially
resectable stage PDA on CT. Patients were divided into CT+MR (patients underwent both CT
and MRI; n=216) and CT only groups (n=82). Changes in resectability staging in the CT+MR
group were evaluated. The overall survival was compared between the two groups. The
recurrence-free survival and median time to liver metastasis after curative surgery were compared between the two groups.
Results
Staging was changed from resectable on CT to unresectable state on MRI in 14.4% of (31
of 216 patients) patients of the CT+MR group. The overall survival and recurrence-free survival rates were not significantly different between the two groups (p=0.162 and p=0.721,
respectively). The median time to liver metastases after curative surgery in the CT+MR group
(9.9 months) was significantly longer than that in the CT group (4.2 months) (p=0.011).
Conclusion
Additional MRI resulted in changes of resectability and treatment modifications in a significant proportion of patients who have potentially resectable state at CT and in prolonged
time to liver metastases in patients after curative surgery. Additional MRI to standard staging
CT can be recommended for surgical candidates of PDA.

Introduction
Pancreatic ductal adenocarcinoma (PDA) is one of the
greatest challenging tumors among malignant neoplasms
because of its aggressive course with persistent high cancer
related mortality rate over the last few decades [1]. The
5-year survival rate in patients with pancreatic cancer is less
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than 5 to 6% worldwide [2]. Surgical resection is the only
potential for curative treatment and can prolong survival,
but only 15% to 25% of patients constitute the surgical candidates at the time of diagnosis [1,3,4]. Even after curative
surgery, the actuarial 5-year overall survival has been
reported to be only 18% to 25% in the most experienced of
hands and in-hospital mortality was reported from 4.6% to
7.8% [1,5]. These facts emphasize the need to avoid futile sur-
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gery to minimize perioperative mortality and to improve
patients’ quality of life and long-term survival.
To date, computed tomography (CT) has become a widely
accepted imaging modality as the standard for patients with
clinical suspicion of pancreatic cancer [3,6-8]. However, several studies have shown that CT as a sole imaging modality
is insufficient in the determination of surgical unresectability
of PDA [9-11]. A previous study with meta-analysis reported
that the mean probability of unresectable disease after CT
scan across studies was approximately 61% in patients with
potentially resectable pancreatic and periampullary cancer
[9]. With recent advances in magnetic resonance imaging
(MRI), MRI has been widely used to evaluate hepatopancreaticobiliary disease. However, it is not clear as to which pancreatic cancer patients should undergo MRI in addition to
the standard pancreatic CT. National Comprehensive Cancer
Network (NCCN) clinical practice guidelines ver. 2. 2015
proposed that contrast enhanced MRI with magnetic resonane (MR) cholangiopancreatography (MRCP) can be considered to further evaluate patients in whom no mass was
detected on pancreatic protocol CT or those with CT-indeterminate liver lesions [12]. This recommendation might
have been based on the fact that MRI is more sensitive in
detecting small masses or minimal ductal changes in the pancreas and small lesions in the liver owing to its high tissue
contrast [7]. However, there is no existing clear guideline
whether the MRI in the surgical candidates with visible pancreatic mass on CT is additionally needed or not. Considering the high perioperative mortality and low survival after
curative surgery in patients with PDA, the role of imaging
in PDA should be further emphasized with regard to accurate staging for resectability to minimize the morbidity from
unnecessary laparotomies or major surgeries, in addition to
maximize the survival benefit in patients with curative treatment. To the best of our knowledge, there has been no previous study demonstrating the incremental value of the
additional MRI performed after CT, especially in predicting
the resectability and the clinical outcome.
In this study, we aimed to investigate the clinical impact
of MRI on resectability evaluation and the effect on the overall and recurrence-free survival in patients with standard CT
initially interpreted to have potentially resectable PDA.

Materials and Methods
1. Patients
We searched the electrical medical records at out institution to identify the study patients. The eligibility criteria for

the main investigation included the following: (1) patients
who were histopathologically diagnosed with PDA between
January 2005 and December 2012; (2) patients identified to
have potentially resectable PDA on CT. One thousand eight
hundred fifty-two consecutive patients were newly diagnosed with PDA during this period. All of them underwent
CT imaging for work-up of PDA. Our standardized clinical
reports on staging CT for PDA, which were made by experienced board-certified abdominal radiologists, were used to
identify relevant patients. Two radiologists in consensus
reviewed the imaging findings of the baseline CT with
reports, and subsequently classified PDA patients into four
categories (resectable, borderline resectable, unresectable,
and indeterminate state) based on the 2015 NCCN practice
guidelines, in order to determine the surgical resectability
[12]. The potentially resectable PDA in our study included
resectable, borderline resectable, and indeterminate state.
Patients were excluded if they had the following: (1) incomplete clinical or radiological data (n=566), (2) unresectable
state on CT imaging review (n=946), (3) non-contrast CT or
MRI (n=22), and (4) age more than 80 years (n=20). Hence, a
total of 298 patients (165 men, 133 women; mean age, 62
years; range, 27 to 80 years) were included in the main study
population with potentially resectable PDA on CT. Of these,
82 patients only underwent CT (CT group) and 216 patients
underwent MRI within 4 weeks after CT acquisition (CT+MR
group). The recommendation regarding the subsequent MRI
was made in consensus at multidisciplinary pancreatobiliary
meeting, but the final decision was left to the attending
physician’s judgment. Clinical information including patient
demographics, laboratory data, treatment methods, and
histopathology reports were reviewed using electronic medical records. Of the 298 patients, 161 (54%) who received curative surgical resection were included for subgroup analysis
to evaluate the recurrence-free survival and time to liver
metastasis after surgery. The flowchart of the study population is presented in Fig. 1.
2. CT imaging
All patients underwent CT examinations with either a
16-channel or 64-channel scanner (Sensation 16 or Sensation
64, Siemens, Erlangen, Germany; Brilliance 64, Philips
Healthcare, Cleveland, OH). After obtaining non-contrast CT
images, contrast-enhanced pancreatic CT were performed
with intravenous administration of nonionic contrast medium
(Ultravist 300, Schering, Berlin, Germany). Pancreatic and
portal venous phase imaging was obtained by adding 18 seconds to the time of peak abdominal aortic enhancement calculated at the hepatic hilum, and 18 seconds to the end of the
pancreatic phase, respectively. In 38 patients, only the portal
venous phase CT was obtained. The scanning parameters
VOLUME 51 NUMBER 1 JANUARY 2019
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Patients were diagnosed as PDA by CT between January 2005
and December 2012 (Source population) (n=1,852)
Excluded due to incomplete clinical or radiologic data (n=566)
Patients were categorized by 2015 NCCN practice guidelines (n=1,286)
Excluded with unresectable state at CT (n=946)
Patients were identified as potentially resectable states by CT (n=340)
Excluded (n=42)
Age > 80 yr (n=20)
Noncontrast MR imaging (n=21)
Noncontrast CT scan (n=1)
Patients with potentially resectable PDA at CT (Study population) (n=298)

Had CT
CT group (n=82)

Had CT and MRI
CT+MR group (n=216)
Unresectable PDA (n=31)
Surgical resection (n=1)
No surgery (n=30)

Surgical resection (n=49)
No surgery (n=33)

Potentially resectable PDA (n=185)
Surgical resection (n=111)
No surgery (n=74)

Fig. 1. Flow diagram of study population. PDA, pancreas ductal adenocarcinoma; CT, computed tomography; NCCN,
National Comprehensive Cancer Network; MRI, magnetic resonance imaging.

were as follows: beam collimation, 0.75 and 0.625 mm; slice
thickness, 5 and 3 mm; reconstruction interval, 5 and 3 mm;
rotation time, 0.5 seconds; effective tube current-time charge,
150-250 mAs; 120 kVp for the 16- and 64-channel scanner,
respectively.
3. Magnetic resonance imaging
MRI was performed by using a 1.5-T (Intera Achieva,
Philips Medical Systems, Best, Netherlands) or 3.0-T scanner
(Magnetom Trio Tim, Siemens Medical Solutions, Erlangen,
Germany) using 4- or 16-channel torso-array coil. All patients
underwent baseline non-contrast and post-contrast dynamic
MRI. Both single-section and navigator-triggered MRCP
imaging were performed. Dynamic T1-weighted imaging

26

CANCER RESEARCH AND TREATMENT

was obtained after administering one of the two contrast
materials (Primovist, Bayer Schering Pharma, Berlin, Germany; Dotarem, Guerbet, France): a bolus injection of 0.1
mL/kg gadoxetic acid (n=186) at a rate of 1.0 mL/sec or 0.2
mL/kg gadoterate meglumine (n=30) at a rate of 2.0 mL/sec,
followed by a 20 mL saline flush using a power injector. The
peak time of the time-density curve to determine image
acquisition timing was achieved using a test-bolus technique
in which 1 mL of gadoxetic acid or of gadoterate meglumine
was injected with a saline flush. The arterial phase began
2 or 3 seconds after the peak aortic enhancement was determined. Subsequent portal (50 seconds) and transitional
(3 minutes) phase images were obtained. Additional hepatobiliary phase (20 minutes) images were obtained when
gadoxetic acid (hepatocyte-specific agent) were used. Diffu-
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sion-weighted imaging was obtained at b values of 0, 50, 400,
and 800 sec/mm2. In our institution, both hepatocyte-specific
contrast agent (gadoxetic acid) and diffusion weighted
imaging (DWI) were introduced on February 2008. Thereafter, they became the routine protocol. Detailed MR parameters are provided in S1 Table.
4. Assessment of resectability
Two, board-certified abdominal radiologists (with 6 and
11 years of experience in abdominal imaging, respectively)
in consensus retrospectively reviewed the all baseline CT
images (n=298 patients) with reference to prospectively
interpreted reports at Picture Archiving Communication System. They classified the patients into three categories (resectable, borderline resectable, and unresectable states) based
on the 2015 NCCN, as defined in S2 Table. Patients who did
not belong to above the three NCCN categories (i.e., patients
with hepatic lesions considered too small to characterize or
lesions which are difficult to categorize between benign or
malignant lesions in any organ) were classified as an indeterminate state. After four weeks, the same radiologists
reviewed and classified the MRI (n=216 patients) in the same
manner as CT. While reviewing the MRI, they simultaneously referred to the CT imaging findings as in routine clinical practice. The radiologists were informed that all patients
had PDA, but they were blinded to all other things, including
clinical and laboratory findings and the histo-pathological
stage.

Recurrence of PDA was defined to have occurred when local
recurrence or distant metastatic lesions were first evident in
the medical record, based on a combination of follow-up CT
imaging, CA 19-9 level, histological confirmation, or physical
examination. Time to liver metastases was calculated from
the date of curative surgery to the initial presentation date of
liver metastases on follow-up CT among patients receiving
curative surgical treatment. Subgroup analysis was performed for patients in the CT+MR group. They were divided
into persistently potentially resectable and unresectable
states based on the CT+MR findings, and the overall and
recurrent-free survival was compared between the two
groups.
6. Statistical analysis
Clinical characteristics of all patients were compared
between the CT only and CT+MR groups using the Student
t test for continuous variables and the chi-square test for categorical variables. Kaplan-Meier survival analysis and Cox
proportional hazards regression were used to assess the
impact of additional MRI on overall survival and recurrencefree survival. Time to liver metastases for the CT and CT+MR
groups were compared by using Mann-Whitney U test.
Statistical analyses were performed by our statistician
using the R software ver. 3.3.1. (R Foundation for Statistical
Computing, Vienna, Austria). All reported p-values were
two sided with a significant level of less than 0.05.
7. Ethical statement

5. Outcomes and follow-up evaluation
The primary outcome of this study was change in surgical
resectability after additional MRI in patients with potentially
resectable PDA on CT. Secondary outcomes included overall
survival rates for all patients, and recurrence-free survival
rates and time to liver metastases for patients receiving curative surgical treatment, between the CT only and CT+MR
groups. The index date was defined as the date on which the
patient underwent baseline CT for the diagnosis of PDA.
Patients were followed up from the index date till death or
the last follow-up date. Each patient’s overall and recurrencefree survival was calculated from the index date till death,
date of last follow-up evaluation, or confirmation of recurrence. To substantiate the completeness of the follow-up
data, information about vital status was obtained from the
National Population Registry of the Korea National Statistical Office using unique personal identification numbers. Curative-intent treatments were defined as curative surgical
resection regardless of neoadjuvant concurrent chemoradiotherapy. The routine follow-up protocol included serum carbohydrate antigen (CA) 19-9 and contrast-enhanced CT.

This historical cohort study was approved by the institutional review board of Severance Hospital (IRB No. 20161611) that is a tertiary referral center with high volume of
pancreatic cancer, and the requirement for informed consent
from patients was waived.

Results
1. Patient characteristics
Clinical characteristics of the patients are summarized in
Table 1. The proportion of patients receiving neoadjuvant
concurrent chemoradiotherapy before surgical resection was
significantly higher in the CT group (53.1%) than in the
CT+MR group (30.4%) (p=0.006). The other baseline characteristics of patients in the CT and CT+MR groups were not
significantly different. The proportion of patients undergoing additional MRI was 72.4% (142 of 196 patients) for the
VOLUME 51 NUMBER 1 JANUARY 2019
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Table 1. Characteristics of the full cohort
Characteristic

Total (n=298)

CT (n=82)

CT+MR (n=216)

p-value

62.19±10.02
164 (55)

61.94±10.64
48 (58.5)

62.28±9.79
116 (53.7)

0.795
0.454

79 (26.5)
80 (26.8)
110 (36.9)
213 (43.1-87.9)

20 (24.4)
21 (25.6)
35 (42.7)
271 (63.1-921)

59 (27.3)
59 (27.3)
75 (34.7)
183 (38.5-871)

0.610
0.767
0.204
0.275

30 (13.9)
186 (86.1)
112 (51.9)
78 (69.6)
34 (30.4)

0.370

Age (yr)
Male sex
Associated factor
Smoking
Alcohol
Diabetes
CA19-9 level (U/mL)
CT phases
Single
Dual
Curative treatment
Surgical resection without neoadjuvant CCRT
Surgical resection after neoadjuvant CCRT
Resected margin
R0
R1
Follow-up period (yr)

38 (12.8)
260 (87.2)
161 (54.0)
101 (62.7)
60 (37.3)
144 (89.4)
17 (10.6)
1.49 (0.85-3.20)

8 (9.8)
74 (90.2)
49 (59.8)
23 (46.9)
26 (53.1)
42 (85.7)
7 (14.3)
1.59 (0.91-4.57)

0.221
0.006

102 (91.1)
10 (8.9)
1.43 (0.82-2.79)

0.309
0.193

Values are presented as mean±SD, number (%), or median (IQR). Values were evaluated by chi-square test for categorical
variables and by independent t test for continuous variables. CT, computed tomography; CT+MR, patients underwent both
CT and magnetic resonance imaging; CA19-9, carbohydrate antigen 19-9; CCRT, concurrent chemoradiotherapy; R0, negative
resection margin; R1, positive microscopic resection margin.

Table 2. Changes in the surgical resectability of pancreatic ductal adenocarcinoma by MRI at CT+MR group
MR assessment of surgical resectability
CT assessment

Sub-total

Resectable
Borderline resectable
Indeterminate
Total

142 (65.7)
49 (22.7)
25 (11.6)
216 (100)

Resectable

Borderline
resectable

Indeterminate

Unresectable

Changes in
surgical
resectability

123 (
4(
8(
135 (62.5)

8(
33 (
6(
47 (21.8)

0(
0(
3(
3 (1.4)

11 (7.7)
12 (24.5)
8 (32.0)
31 (14.4)

11 (7.7)
12 (24.5)
8 (32.0)
31 (14.4)

Values are presented as number (%). MRI, magnetic resonance imaging; CT+MR, patients underwent both computed
tomography and magnetic resonance imaging; CT, computed tomography.

resectable state, 66.2% (49 of 74 patients) for the borderline
resectable state, and 89.3% (25 of 28 patients) for the indeterminate state at CT classification, without statistical difference
(p=0.067).
2. Changes in surgical resectability and treatment of PDA
after additional MR imaging
Of the 216 patients in the CT+MR group, a total of 31
patients (14.4%) who had potentially resectable states on CT
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were changed to have unresectable state on additional MRI
(Table 2). Liver metastases (n=16), major vascular invasion
(n=13), enlarged para-aortic lymph node (n=1), and peritoneal seeding (n=1) were additionally found by MRI. Of the
16 patients with liver metastases diagnosed on MRI, nine
patients had negative-liver-on-CT (4.7%, 9 of 191 resectable
or borderline resectable group on CT) (Fig. 2) and seven
patients had diminutive indeterminate hepatic lesions on CT
(35%, 7 of 20). Of the 13 patients with unresectable state due
to major vascular invasion on MRI, three patients had no
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A

B

Fig. 2. Computed tomography (CT) and magnetic resonance (MR) images obtained in a 65-year-old man with pancreas
ductal adenocarcinoma. (A, B) Portal phase CT image demonstrates no focal liver lesion (A). This patient was classified into
surgically resectable state at CT (pancreas cancer not seen at this image). However, additional gadoxetic acid-enhanced MR
image shows multiple subcentimeter low signal intensity nodules indicating hepatic metastases at hepatobiliary phase
(arrowheads) (B). Finally, this patient was reclassified into unresectable state after MR imaging.

1.0

Unresectable CT+MR
Potentially resectable CT+MR
p < 0.001

Overall survival rates

0.8
0.6
0.4

lymph node) other than indeterminate hepatic lesions on CT
were changed to surgically resectable state after MRI. After
analysis of MRI, 185 patients in CT+MR group were
remained as persistently potentially resectable. There was no
significant difference in the overall proportion of the patients
who received curative surgical treatment between the CT
only (49 of 82, 59.8%) and the persistently potentially resectable CT+MR groups (111/185, 60%) (p=0.970). Thirty of 31
patients reclassified into the unresectable state after MRI did
not receive curative surgical treatment (96.8%).

0.2

3. Overall and recurrence-free survival
0

0

2
4
6
8
10
Years after diagnosis of pancreatic cancer by CT

No. at risk
PR CT+MR 185
UR CT+MR 31

84
5

33
1

10
1

4
1

0
1

Fig. 3. Overall survival of patients belonged to the potentially resectable (PR) CT+MR group (patients underwent
both computed tomography and magnetic resonance
imaging) and the unresectable (UR) CT+MR group.

major vessel invasion on CT (1.4%, 2 of 142 resectable group
and 4%, 1 of 25 indeterminate group on CT) and 10 patients
had borderline vascular invasion on CT (20.4%, 10 of 49 borderline group on CT). Two of five patients with indeterminate extrahepatic lesions (omental haziness and preaortic

The median follow-up period was 1.6 years for the CT
group and 1.4 years for the CT+MR group without significant difference between the two groups (p=0.193). The 5-year
overall survival rates of the CT only and CT+MR groups
were 24.1% and 17.2%, respectively, without statistical difference (p=0.162) (S3A Fig.).
Within the CT+MR group, the 5-year overall survival rates
between the potentially resectable (19.2%) and unresectable
(4.8%) subgroups were significantly different (p < 0.001)
(hazard ratio [HR], 2.27; 95% confidence interval [CI], 1.53 to
3.37; p < 0.001) (Fig. 3). The curative surgical treatment performed in PDA patients was significantly associated with a
lower risk of overall patient mortality (HR, 0.39; 95% CI, 0.29
to 0.52; p < 0.001) (Table 3).
A total of 161 patients (54%) received curative surgical
resection with 112 patients in the CT+MR group and 49
patients in the CT group. Five-year recurrence-free survival
rates were 29.8% and 29.7%, respectively, without statistical
difference (p=0.721) (S3B Fig.). However, the median time to
VOLUME 51 NUMBER 1 JANUARY 2019
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Table 3. Predictive factors of overall patient mortality and PDA recurrence in the full cohort
Univariate analysis

Variable
Overall mortalitya)
Age
Male sex
Smoking
Alcohol
Diabetes
CA 19-9 level
Curative treatment
CT+MR vs. CT
Unresectable at MRI
PDA recurrenceb)
Age
Male sex
Smoking
Alcohol
Diabetes
CA 19-9 level
Curative treatment
CT+MR vs. CT

Multivariate analysis

HR

95% CI

p-value

HR

95% CI

p-value

1.021
1.076
1.066
0.928
1.205
1.010
0.345
1.225
2.272

1.007-1.035
0.835-1.386
0.805-1.411
0.700-1.231
0.931-1.561
1.006-1.014
0.266-0.447
0.920-1.632
1.533-3.367

0.004
0.573
0.655
0.606
0.157
< 0.001
< 0.001
0.164
< 0.001

1.014
1.007
0.388
1.500

1.000-1.029
1.003-1.011
0.292-0.515
0.981-2.294

0.046
0.001
< 0.001
0.062

1.001
1.417
1.034
0.942
1.227
1.004
1.292
0.947

0.981-1.022
0.965-2.079
0.686-1.559
0.627-1.414
0.840-1.791
0.993-1.016
0.876-1.907
0.636-1.412

0.891
0.075
0.873
0.771
0.290
0.448
0.197
0.791

-

-

-

The Cox proportional hazards model was used for all analyses. PDA, pancreas ductal adenocarcinoma; HR, hazard ratio;
CI, confidence interval; CA 19-9, carbohydrate antigen 19-9; CT+MR, patients underwent both computed tomography and
magnetic resonance imaging; CT, computed tomography; MRI, magnetic resonance imaging. a)Total number of patients, 298;
number of events, 245, b)Total number of patients who received curative surgical treatment, 161; number of events, 112.

Time to liver metastases (mo)

50

liver metastases developed after curative surgery was 4.2
months in the CT group and 9.9 months in the CT+MR group
with significant difference between the two groups (p=0.011),
although the number of liver metastases confronted during
their whole follow-up period was not very different (44 of
112 patients [39.3%] in the CT+MR group and 20 of 49
patients [40.8%] in the CT group) (Fig. 4).

40
30
20

Discussion

10
0

CT only

CT+MR

Fig. 4. Time to liver metastases in the computed tomography (CT) only and the CT+MR (patients underwent both
CT and magnetic resonance imaging) groups of patients
who received curative surgical treatment.
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Our study results demonstrated that additional MRI
resulted in changes of surgical resectability and treatment
modifications in a significant proportion of patients who
have potentially resectable states at CT, owing to the additional detection of liver metastases (n=16), major vascular
invasion (n=13), enlarged para-aortic lymph node (n=1), and
peritoneal seeding (n=1).
The most common site of metastasis in pancreatic cancer
is the liver [13,14]. A lot of studies have reported the superior
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sensitivity of MRI in detecting and characterizing liver
lesions compared to CT, even though most of them were performed in patients with colorectal cancer liver metastasis
[15-18]. However, a recent large scale study on colorectal
liver metastasis showed that there was no additional yield
for MRI (0%, 0/94) in the negative-liver-on-CT patients and
only 3% (3/96) additional yield in patients with diminutive
indeterminate hepatic lesions on CT, suggesting that MRI
might provide little clinical benefit in addition to CT, in spite
of the superior diagnostic accuracy of MRI than CT in these
patients [19]. In our study on PDA, however, MRI identified
occult liver metastases in 4.7 % (9 of 191) of patients with negative-liver-on-CT and 35% (7 of 20) of patients with diminutive indeterminate hepatic lesions on CT. A recently published study reported that 23.2% (16 of 69) of PDA patients
with negative-liver-on-CT showed occult liver metastases on
MRI [20]. These results suggest that MRI might provide
additional clinical benefit for detecting synchronous liver
metastasis in patients diagnosed with resectable PDA interpreted by CT (negative-liver-on-CT). It may be further supported by our results that showed a significant longer time
of onset for hepatic metastases after curative surgery in
patients of the CT+MR group (9.9 months) than in those of
the CT only group (4.2 months).
Unlike liver metastases from colorectal cancer, there have
been few published papers comparing the diagnostic performance of CT and MRI on liver metastases from PDA. A
recent study reported the significantly higher sensitivity of
gadoxetic acid-enhanced MRI (85%) compared to CT (69%)
for detection of liver metastases from PDA, due to higher
lesion-to-liver contrast on hepatocyte phase MR image [18].
A prospective pilot study with a small number of patients
with liver metastases from PDA showed significantly higher
sensitivity (86.7%) and specificity (97.5%) for MRI with DWI
than multi-detector CT (MDCT) (53.3% and 77.8%, respectively) [21]. In our study, majority of patients (86%, 186/216)
underwent MRI using gadoxetic acid-enhanced MRI with
DWI and these state-of-the-art MRI may be one of the reasons for the additional detection of liver metastases, resulting
in changes in the treatment plan and longer time to liver
metastases after surgery in the CT+MR group. Also, this pilot
study showed that most liver metastases in patients with
potentially resectable PDA on CT were small in size (mean
diameter, 7.8±3.1 mm; range 3 to 15 mm) [21]. Hence, stateof-the-art MRI should be recommended [8].
The diagnostic performance of CT and MRI for evaluating
vascular invasion is still controversial. The best performance
was shown by MDCT in the past, but recent advances in MR
technology has made the diagnostic performance of MDCT
and MRI comparable (mean sensitivity, 80% vs. 65%; mean
specificity, 98% vs. 97%, respectively) for vascular infiltration
[22,23]. In our study, 6.0% of patients were reclassified from

potentially resectable state to unresectable state due to additional detection of major vascular invasion by MRI in addition to CT. This may be contrary to the findings of previous
studies demonstrating that CT was slightly better than or
similar to MRI in the assessment of vasculature invasion.
One reason for this discrepancy could be that most of the previous studies compared CT and MRI, but our study evaluated the additional value of MRI after CT, as in routine
clinical practice.
In terms of overall and recurrence-free survival, there were
no significant differences between the CT only and CT+MR
groups in our study. This was a retrospective study, and
there are many unaccounted factors that affect the survival
in pancreatic cancer, that include not only disease factors but
also socioeconomic factors [24,25], and pre-treatment diagnostic imaging might not have direct effect on the survival.
In our study, other well-known factors did not show significant differences between the CT only and CT+MR groups
except that higher proportion of patients belonging to the CT
only group received the neoadjuvant therapy, and this might
affect the clinical outcome [3,24,26,27]. Within the CT+MR
group, patients with potentially resectable state had a higher
overall survival than patients with unresectable state, suggesting that MRI allowed the clinicians to determine the most
appropriate treatment.
The major limitation of our study was that there were no
pre-defined criteria who should undergo additional MR
imaging; this reflects the limitation in the current guideline
and is the background for our study. Before analysis, we
hypothesized that patients with borderline resectable or
indeterminate states on CT were more likely to undergo MRI
than patients with resectable state. However, there was no
significant difference in proportion of the patients undergoing additional MRI among the three CT-based categories.
Second, the imaging technique used in this study was not
uniform. Some patients underwent single portal venous
phase CT not the dual phase pancreatic protocol CT, but
there were no significant differences in proportion of CT protocols between the CT only and CT+MR groups. In clinical
practice, some patients undergo single phase CT (routine CT
protocol) due to nonspecific symptoms, and we used it for
evaluation of pancreatic cancer staging without obtaining
dual phase CT because of radiation and reimbursement
issues. Regarding MRI, some patients underwent MRI without DWI using a general extracellular contrast agent instead
of the recently introduced hepatocyte-specific contrast agent.
A recent paper showed no difference between the two contrast agents in the evaluation of liver metastases from colorectal cancer [28]. This is beyond the scope of our study, and
a further study is needed. Finally, our study had the inherent
limitations of a retrospective study.
In conclusion, additional MRI resulted in changes of
VOLUME 51 NUMBER 1 JANUARY 2019
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resectability and treatment modification in a significant proportion of patients who had potentially resectable state on
CT and delay in time to liver metastases in patients after curative surgery. Additional MRI to standard staging CT can be
recommended for surgical candidates of PDA.
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Purpose
We aim to examine nasopharyngeal carcinoma (NPC) characteristics and survival outcomes
in patients aged 70 years and older in the intensity-modulated radiotherapy (IMRT) era.
Materials and Methods
From 2006 to 2013, 126 non-metastatic NPC patients aged  70 years who were treated
with IMRT +/ chemotherapy were included. Adult Comorbidity Evaluation 27 (ACE-27) was
used to measure patient comorbidities. The overall survival (OS) and cancer-specific survival
(CSS) were calculated with the Kaplan-Meier method, and differences were compared using
the log-rank test. The Cox proportional hazards model was used to carry out multivariate
analyses.
Results
For the entire group, only two patients (1.6%) presented stage I disease, and up to 84.1%
patients had stage III-IVB disease. All patients had a comorbidity score of 0 in 24 (19.0%),
1 in 45 (35.7%), 2 in 42 (33.3%), and 3 in 15 (11.9%) patients. The main acute grade during
radiotherapy was 3-4 adverse events consisting of mucositis (25.4%), bone marrow suppression (16.7%), and dermatitis (8.7%). After treatment, four patients (3.2%) developed
temporal lobe injury. Five-year CSS and OS rates were 67.3% (95% confidence interval [CI],
58.6% to 77.4%) and 54.0% (95% CI, 45.6% to 63.9%), respectively. Five-year OS was significantly higher for ACE-27 score 0-1 than ACE-27 score 2-3 (72.9% and 39.9%, respectively; p < 0.001). Multivariate analyses showed ACE-27 score 0-1 was significantly
associated with superior OS (hazard ratio [HR], 3.02; 95% CI, 1.64 to 5.55; p < 0.001). In
addition, the rate of OS was higher for stage I-III than that of stage IV, with borderline significance (HR, 1.67; 95% CI, 0.99 to 2.82; p=0.053). But no significant advantage was
observed in OS when chemotherapy was used (p > 0.05).
Conclusion
Our findings suggest IMRT +/– chemotherapy has a manageable toxicity and provides an
acceptable survival in patients aged  70 years with NPC. ACE-27 score was significantly
associated with survival outcomes in this group population.

Key words
Nasopharyngeal carcinoma, Aged, Characteristics,
Survival outcomes, Intensity-modulated radiotherapy
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Introduction
Nasopharyngeal carcinoma (NPC) disproportionately burdens East and Southeast Asia accounting for two-thirds of
new cases worldwide [1]. Among new cases, 40% are in
China, with the highest prevalence in Southern China [1].
The relative risk of NPC increases with age and peaks at
approximately 55 years of age and begins to decline at ages
> 60 years [2]. However, the old-age ratio (total number of
individuals aged  65 years per 100 working age people
[20-64 years]) is projected to rise from 13 elderly people per
100 in 2010 to 45 per 100 by 2050 [3]. Moreover, the population of individuals aged 70 years and older are rising from
approximately 75 million in 2010 to a projected 225 million
by 2050 [3]. The number of elderly patients with NPC will
increase with the rapidly growing elderly population in
China, and therefore essential to the management of this
population, defined in the present study as individuals aged
 70 years.
Patients ages 70 years and older are often excluded from
studies, especially clinical trials due to age exclusion [4,5].
Considering the lack of clinical trials for this group of
patients, the treatment for these patients generally follows
guidelines tailored for adult patients (age range, 18 to 69
years). Recently, several studies selected patients that were
ages 60 to 65 years as a cutoff point for elderly NPC [6-8].
However, this choice may not be completely reasonable,
since the physical health among those ages 60-65 years is
improving among the general population. In contrast,
patients older than 70 years may vastly differ from adults
[9,10], for which closer association with multiple comorbidities, poorer performance status, reduced organ reserve, and
less social support. For these reasons, the treatment of
patients ages 70 years and older warrants further research.
Furthermore, intensity-modulated radiotherapy (IMRT) is
slowly replacing two-dimensional conventional radiotherapy (2DRT) as the primary radiotherapy (RT). However, to
date, there are no prior studies among patients ages 70 years
and older that investigated characteristics and survival outcomes of patients treated with IMRT. Thus, this study aims
to fill multiple knowledge gaps by evaluating NPC treatment
among patients aged  70 years in the IMRT era.

Materials and Methods
1. Patient characteristics
We conducted a retrospective review of case records for

patients with NPC treated at Sun Yat-sen University Cancer
Center (SYSUCC) from January 2006 to December 2013.
Patients included in the analysis were aged  70 years, histologically proven NPC, non-metastatic, and treated with
IMRT. In all, 126 patients were included in the study. Key
raw data was uploaded onto the Research Data Deposit
(RDD) public platform (http://www.researchdata.org.cn),
with the approval RDD number as RDDA2017000334 to validate the authenticity of this article.
2. Clinical staging and co-morbidity assessment
Patients had undergone pretreatment evaluation comprising of physical examination, hematology and biochemistry
profiles, as well as obtained patient complete history information. Additionally, patients also underwent nasopharynx
and neck magnetic resonance (MR) imaging, chest X-ray, or
computed tomography (CT), CT whole-body bone scan single photon emission, and abdominal ultrasonography. We
performed positron emission tomographycomputed tomography on 25 of 126 patients (19.8%). We restaged patients
according to guidelines set by the seventh edition of the
American Joint Commission on Cancer staging [11]. Moreover, Adult Comorbidity Evaluation 27 (ACE-27) was performed for identifying important medical comorbidities and
assess severity among elderly patients [12].
3. Radiotherapy
While immobilized in the supine position using a thermoplastic head and shoulder mask, all patients received IMRT.
Contrast-enhanced planning CT (3 mm-slice thickness)
images from the superior border of frontal sinus to two centimeters below sternoclavicular joint were obtained. Information obtained were transferred to the Monaco treatment
planning system (ver. 3.02, Elekta AB, Stockholm, Sweden).
The IMRT plan was designed based on previous studies [13],
and in accordance with the International Commission on
Radiation Units (ICRU) and Measurements Reports 62 [14]
and 83 [15].
4. Chemotherapy and other treatments
Chemotherapy is required for treatment of locally
advanced diseases; however, chemotherapy was not given
to some patients due to patient refusal or suggesting intolerance to chemotherapy. The most commonly used regimens
for neoadjuvant chemotherapy were cisplatin (80 mg/m2)
with docetaxel (80 mg/m2) for every 3 weeks or cisplatin (80
mg/m2) with 5-fluorouracil (800 mg/m2/day over 120
hours). Concurrent chemotherapy consisted of cisplatin (80
or 100 mg/m2) on weeks 1, 4, and 7 of radiotherapy, or cisVOLUME 51 NUMBER 1 JANUARY 2019
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platin (40 mg/m2) weekly. Modification of dosage was performed, if necessary, at the doctors’ discretion. In addition,
there were patients that received other therapies besides
chemotherapy (n=11). Seven patients underwent targeted
therapy concurrent with IMRT, consisting of two by cetuximab and five by nimotuzumab. Another four patients
received primary tumor brachytherapy with CT-guided permanent implantation of 125I seeds after IMRT.
5. Image assessment of temporal lobe injury
In the present study, a diagnosis of temporal lobe injury
(TLI) was based on follow-up MR images. We must also note
that the diagnosis of TLI was based on the criteria described
by Wang et al. [16]. The criteria used were as follow: (1) white
matter lesions were defined as areas of finger-like lesions of
increased signal intensity on T2-weighted images in the temporal lobe; (2) contrast-enhanced lesions were defined as
lesions with or without necrosis on post-contrast T1-weighted images with heterogeneous signal abnormalities on
T2-weighted images; and (3) determined cysts as round or
oval well-defined lesions of very high signal intensity on
T2-weighted images with a thin or imperceptible wall.
6. Follow-up and statistical analysis
During IMRT, we evaluated patients at least once a week.
After 1 month of RT completion, the first assessment of
response to treatment was performed. Afterwards, every 3
months during the first 3 years patient evaluation was performed. Thereafter, every 6 months for the following 2 years,
and annually afterwards. We measured survival times as the
initial start of RT to last follow-up visit or date of the event.
Overall survival (OS) was measured as the period from first
RT treatment to the last follow-up visit or date of death. We
defined cancer-specific survival (CSS) as the period from initial RT treatment to the date of death as a result of NPC or
the last follow-up visit.
Kaplan-Meier method was used to calculate actuarial rates,
and the differences were compared using the log-rank test.
Covariates including age, sex, ACE-27 score, N category, T
category, overall stage, radiation dose, and chemotherapy
were included in all tests. Cox proportional hazards model
was performed to carry out multivariate analyses. p-value of
< 0.05 was determine statistically significant. R software (ver.
3.2.3) was used to perform all statistical analyses.
7. Ethical statement
The present study was approved by the Institutional
Review Board at SYUCC and conducted in compliance with
institutional policy to protect patients’ private information.
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Table 1. Patient and tumor characteristics
Characteristic

No. of patients (%)
(n=126)

Age, median (range, yr)
Sex
Male
Female
ACE-27 score
0
1
2
3
T categorya)
T1
T2
T3
T4
N categorya)
N0
N1
N2
N3
Overall stagea)
I
II
III
IVA
IVB
Radiation dose (Gy)
 68 (range, 64-68)
> 68 (range, 68-73)
Chemotherapy
No chemotherapy
Concurrent chemoradiotherapy
Neoadjuvant+concurrent chemoradiotherapy

73 (70-80)
96 (76.2)
30 (23.8)
24 (19.0)
45 (35.7)
42 (33.3)
15 (11.9)
7 (5.6)
20 (15.9)
59 (46.8)
40 (31.7)
16 (12.7)
61 (48.4)
37 (29.4)
12 (9.5)
2 (1.6)
18 (14.3)
60 (47.6)
37 (29.4)
9 (7.1)
57 (45.2)
69 (54.8)
72 (57.1)
42 (33.3)
12 (9.5)

ACE-27, Adult Comorbidity Evaluation 27. a)The 7th
American Joint Commission on Cancer staging system.

Results
1. Symptoms, signs, and comorbidity before treatment
Table 1 presents patients’ clinical characteristics. Median
age at diagnosis was 73 years (ages ranged 70 to 80 years).
Among the 126 patients, only two patients (1.6%) had stage
I disease, and 84.1% patients presented III/IVA-B disease.
The most common symptom was cervical mass with an incidence of 52% (66 patients), followed by nasal problems (55
patients, 44%), auditory problems (46 patients, 37%), and
headache (22 patients, 17%). The ACE-27 score for comorbid-
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Fig. 1. Survival rate for patients aged  70 years treated
with intensity-modulated radiotherapy +/– chemotherapy. CSS, cancer-specific survival; OS, overall survival.

ity was 0 in 24 (19.0%), 1 in 45 (35.7%), 2 in 42 (33.3%), and
3 in 15 (11.9%).
2. Treatment course and toxicity
All patients completed the planned RT. The median radiation dose for primary tumor and regional lymph node were
68.4 Gy (range, 64.2 to 73.4 Gy) and 64.6 Gy (range, 59.6 to
68.4 Gy), respectively. Overall, 72 patients (57%) were treated
with RT alone, 42 patients (33%) received concurrent chemoradiation therapy (CCRT), and 12 patients (10%) received
neoadjuvant chemotherapy plus CCRT. Mucositis, bone marrow suppression, and dermatitis were the most common
acute toxicities where majority developed within grade 1 to
2, and the incidence of grades 3 to 4 acute toxicities were
18.3%, 10.3%, and 6.3%, respectively. During follow-up, four
patients (3.2%) developed radiation-induced TLI. Of the four
patients, two patients were staged with T4 disease, the other
two patients with T3 disease, and no patients with T1-2 disease developed TLI.
3. Prognostic factors and survival
Following a median follow-up of 40.6 months (range, 3 to
101 months), 58 (46%) patients died. Among the patients that
died, 36 (62.1%) died from NPC, 5 (8.6%) died of toxicities
related to treatment, and 17 (29.3%) died from internal medical diseases that were unrelated to cancer. Of the 17 patients
who died because of internal medical disease, eight were
chest infection, six cerebral vascular accidents, one because

of second malignancies, and two due to other specific causes.
Kaplan-Meier analysis of OS and CSS are presented in
Fig. 1. Estimated OS and CSS rates at 5 years were 54.0%
(95% confidence interval [CI], 45.6% to 63.9%) and 67.3%
(95% CI, 58.6% to 77.4%), respectively. ACE-27 score 0-1 was
associated with higher 5-year OS in comparison with that of
ACE-27 score 0-1 (72.9% and 39.9%, respectively; p < 0.001)
(Fig. 2A). The OS was significantly elevated for stage I-III
than stage IV (62.1% and 40.1%, respectively; p=0.018)
(Fig. 2C). However, we failed to confirm the positive association of chemotherapy (hazard ratio [HR], 1.30; 95% CI, 0.77
to 2.20; p=0.318) (Fig. 2B) and radiation dose (HR, 1.00; 95%
CI, 0.59 to 1.70; p=0.999) (Fig. 2D) with OS. Utilizing the Cox
proportional hazards model, we observed the ACE-27 score
0-1 was significantly associated with superior OS (HR, 3.02;
95% CI, 1.64 to 5.55; p < 0.001), and stage IV was associated
with inferior OS, with borderline significance (HR, 1.67; 95%
CI, 0.99 to 2.82; p=0.053) (Table 2).
4. Prognostic value of chemotherapy in subgroups of NPC
patients
Chemotherapy prognostic significance in patients with
stage III-IV disease were analyzed. However, stage III-IV diseases did not present a unique patient subgroup, where the
addition of chemotherapy to RT was efficacious in improving 5-year OS (56.6% vs. 51.2%, p=0.617) (Fig. 3A). We further
analyzed the prognostic value of chemotherapy in the subgroups of patients with NPC with different ACE-27 score.
Among patients with ACE-27 score < 2, though the 5-year
OS rates (78.0% vs. 69.1%, p=0.554) (Fig. 3B) were higher in
patients treated with chemo-radiotherapy than RT alone, this
did not reach statistical significance. In contrast, compared
with RT alone, chemo-radiotherapy was associated with a
trend towards a lower OS for patients with ACE-27 score
 2, with borderline association (50.3% vs. 26.4%, p=0.071)
(Fig. 3C).

Discussion
To the best of our knowledge, this is the first study on clinical outcomes of patients aged  70 years with NPC treated
by IMRT. The 5-year OS and CSS rates were 54.0% and
67.3%, respectively. Our findings suggest that IMRT +/–
chemotherapy provided promising long-term survival in
patients aged  70 years with NPC. Multivariate analyses
showed that ACE-27 score 0-1 was significantly associated
with superior OS. Additionally, a significant delay in the
diagnosis of NPC may exist for patients aged  70 years, as
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Fig. 2. Kaplan-Meier analysis of overall survival is stratified by ACE-27 (A), chemotherapy (B), overall stage (C), and primary
tumor dose (D). HR, hazard ratio; CI, confidence interval; ACE-27, Adult Comorbidity Evaluation 27; CRT, chemoradiotherapy; RT, radiotherapy.

approximately 84% of elderly NPC patients had stage III-IV
disease at presentation, much higher than 70% among adult
age group [17-19].
In the current study, our results suggested acceptable survival (5-year OS, 54.0%) in patients aged  70 years. Recently,
a study by Sze et al. [9] found that the 5-year OS rate was
43.9% among patients aged  70 years. This inconsistency
might be due to the application of IMRT in our study, which
has shown to produce exceptional treatment results compared with 2DRT [20,21], but only 29.1% of patients in the
study of Sze et al. [9] received IMRT. Additionally, consid-
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ering the performance status of patients aged  70 years varying greatly, the heterogeneity of patients included in the
study by Sze et al. [9] and the present study might contribute
to the inconsistency of treatment outcomes. Results of our
study demonstrated that ACE-27 was the strongest prognostic factor for OS in elderly patients aged  70 years. Considering that patients aged  70 years are commonly in close
association with multiple comorbidities and poor performance status, which effect treatment outcomes, the use of
ACE-27 score in the evaluation of elderly patients is necessary in the present study. In fact, the association between sur-
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Table 2. Univariate and multivariate analysis of prognostic factors for overall survival
Variable
Age (< 75 yr vs.  75 yr)
Sex (male vs. female)
T categorya) (T1-2 vs. T3-4)
N categorya) (N0-1 vs. N2-3)
Overall stagea) (I-III vs. IV)
Radiation dose ( 68 Gy vs. > 68 Gy)
Chemotherapy (no vs. yes)
ACE-27 score (< 2 vs.  2)

Univariate analysis
HR (95% CI)
0.73 (0.36-1.50)
1.11 (0.60-2.06)
1.36 (0.69-2.70)
1.67 (1.15-2.89)
1.85 (1.10-3.11)
1.00 (0.59-1.70)
1.30 (0.77-2.20)
3.17 (1.73-5.83)

p-value
0.398
0.746
0.371
0.034
0.020
0.999
0.318
< 0.001

Multivariate analysis
HR (95% CI)
NS
NS
NS
1.37 (0.87-3.12)
1.67 (0.99-2.82)
NS
NS
3.02 (1.64-5.55)

p-value
NS
NS
NS
0.067
0.053
NS
NS
< 0.001

HR, hazard ratio; CI, confidence interval; NS, not significant; ACE-27, Adult Comorbidity Evaluation 27. a)The 7th American
Joint Commission on Cancer staging system.

vival and ACE-27 has been demonstrated in a wide range of
different cancers [22], and specifically in head and neck cancers [12,23]. Rogers et al. [23] evaluated the prognostic value
of ACE-27 on head and neck cancer patients, and suggested
that ACE-27 was robustly correlated with survival. Paleri et
al. [24] even found that moderate and severe comorbidity
evaluated using ACE-27 had a greater impact on survival
than TNM stage in laryngeal squamous cancer patients. In
contrast, Ramakrishnan et al. [25] reported that ACE-27 had
no adverse role on 59 NPC patients’ prognosis. This inconsistency might be a result of small sample size, as noted by
the authors.
Given the limited number of studies, the efficacy of
chemotherapy in elderly patients with NPC remains unclear.
Two prior studies [6,7] demonstrated that chemotherapy was
associated with superior OS in elderly NPC patients after
2DRT. In contrast, our results failed to confirm the role of
chemotherapy as a prognostic factor in elderly patients
treated with IMRT. Considering that IMRT was adopted in
the current study, this seems to be reasonable as patients had
improved survival outcomes after IMRT [20,21], by which
the actual benefit of chemotherapy might be diluted for this
group. However, it should be mentioned that potential
selection bias was hard to avoid in the use of chemotherapy
in the present study. Further propensity-matched study or
even randomized clinical trial are still needed to confirm the
effect of chemotherapy in patients ages  70 years treated by
IMRT.
In respect to previous studies, approximately 70% of NPC
adult patients are diagnosed with stage III/IVA-B [16-18].
While we found higher proportion (83.3%) of patients with
stage III/IVA-B in the current study, only two patients (1.6%)
had stage I disease. Additionally, several studies [19,26]
reported that among adult patients with NPC, approximately 40% presented with cervical mass. However, in the

current study, cervical mass was present at diagnosis in 50%
of patients. This suggests elderly patients who develop NPC
may not have received prompt diagnosis and evaluation.
Delayed diagnosis may occur in patients aged 70 years and
older because of easily overlooked symptoms such as rhinobyon, headache, and tinnitus. Thus, for elderly patients,
physicians should be more aggressive in the workup and
diagnostic evaluation of NPC symptoms, as well as provide
timely biopsies and nasopharyngoscope exams if indicated.
TLI is a serious late sequela following radical RT of NPC
and associated with severe impairment of quality of life and
survival [27]. Temporal lobe protection is arduous, particularly in patients with T3-4 disease that may have extensive
skull base invasion or cavernous sinus involvement.
Reported rates of TLI range from 7.5% to 12.9% in NPC
patients after IMRT [28-30]. Given the high proportion of T34 disease (79%) in the current series, TLI incidence is expected to increase. However, in the present study, the incidence
of 3.2% is lower than reported in prior studies. Moreover,
given the poor survival among NPC patients older than 70
years [8,9], findings that they did not show a high incidence
of TLI was probably due to a high proportion may have died
prior to TLI could have develop. Therefore, the incidence of
TLI in elderly patients may have been underestimated in the
present study.
One major limitation in the present study is the small
patient sample size and the influence this may have had on
identifying an effect. However, the low NPC incidence in
elderly patients must be noted, particularly those aged  70
years. Another limitation is that our study was limited by the
retrospective nature, and the possible selection bias of using
chemotherapy for patients was difficult to avoid. Additionally, a third concern was the lack on inclusion of data about
pretreatment Epstein–Barr Virus DNA concentrations, which
has shown to strongly predict NPC survival [31-33]. Further
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Fig. 3. Kaplan-Meier analysis of overall survival stratified by chemotherapy (RT vs. CRT) in patients with locoregionally
advanced nasopharyngeal carcinoma (A), ACE-27 score < 2 (B), and ACE-27 score  2 (C). HR, hazard ratio; CI, confidence
interval; RT, radiotherapy; CRT, chemoradiotherapy; ACE-27, Adult Comorbidity Evaluation 27.

studies (e.g., propensity-matched study) are urgently needed
to classify subgroups that would benefit most from
chemotherapy, since not all patients aged  70 years can benefit from chemotherapy.
In summary, our results suggest that IMRT +/– chemotherapy has a manageable toxicity and provides an acceptable survival in patients aged  70 years. We observed a
significant association between ACE-27 score with survival
outcomes in this group of patients. Although we failed to
confirm the benefit of chemotherapy for this group of
patients, further studies are urgently needed to classify the
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subgroup who could gain most from chemotherapy.
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Randomized Open Label Phase III Trial of Irinotecan Plus Capecitabine versus
Capecitabine Monotherapy in Patients with Metastatic Breast Cancer Previously
Treated with Anthracycline and Taxane: PROCEED Trial (KCSG BR 11-01)

Purpose
We investigated whether irinotecan plus capecitabine improved progression-free survival
(PFS) compared with capecitabine alone in patients with human epidermal growth factor 2
(HER2) negative and anthracycline and taxane pretreated metastatic breast cancer (MBC).
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Materials and Methods
A total of 221 patients were randomly assigned to irinotecan (80 mg/m2, days 1 and 8) and
capecitabine (1,000 mg/m2 twice a day, days 1-14) or capecitabine alone (1,250 mg/m2
twice a day, days 1-14) every 3 weeks. The primary endpoint was PFS.
Results
There was no significant difference in PFS between the combination and monotherapy arm
(median, 6.4 months vs. 4.7 months; hazard ratio [HR], 0.84; 95% confidence interval [CI],
0.63 to 1.11; p=0.84). In patients with triple-negative breast cancer (TNBC, n=90), the combination significantly improved PFS (median, 4.7 months vs. 2.5 months; HR, 0.58; 95%
CI, 0.37 to 0.91; p=0.02). Objective response rate was numerically higher in the combination
arm, though it failed to reach statistical significance (44.4% vs. 33.3%, p=0.30). Overall survival did not differ between arms (median, 20.4 months vs. 24.0 months; p=0.63). While
grade 3 or 4 neutropenia was more common in the combination arm (39.6% vs. 9.0%),
hand-foot syndrome was more often observed in capecitabine arm. Quality of life measurements in global health status was similar. However, patients in the combination arm showed
significantly worse symptom scales especially in nausea/vomiting and diarrhea.
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Conclusion
Irinotecan plus capecitabine did not prove clinically superior to single-agent capecitabine
in anthracycline- and taxane-pretreated HER2 negative MBC patients. Toxicity profiles of
the two groups differed but were manageable. The role of added irinotecan in patients with
TNBC remains to be elucidated.
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Introduction

Materials and Methods

Despite substantial progress in patient management over
the past few decades, metastatic breast cancer (MBC) is still
considered incurable. To date, the mainstay of treatment for
MBC is cytotoxic chemotherapy which has been proved to
prolong survival and improve quality of life (QoL) in
patients with MBC [1]. Nevertheless, there are few alternatives if patients show resistance to anthracycline- or taxanebased regimens. Therefore, new treatment options are urgently needed, particularly for patients with heavily pretreated
refractory disease.
Irinotecan is a topoisomerase I (Top1) inhibitory pro-drug
that is enzymatically converted to the active metabolite SN38 [2]. It preserves single-strand DNA breaks and binds to
Top1-DNA complexes during DNA replication and transcription resulting in double-stranded DNA breaks and
eventual cell death [3]. Irinotecan has been used in conjunction with other chemotherapeutic agents to treat colorectal,
lung, and gastric cancers [4,5]. Specifically, irinotecan combined with capecitabine or 5-fluorouracil has been widely
accepted as the first line therapy in metastatic colorectal cancer, given its synergistic effects [4,6]. In breast cancer, its antitumor activity has been assessed either in single-agent use
or in combination with other therapeutics. As monotherapy,
objective response rates (ORRs) have ranged from 14%-23%,
and median response duration was reported around 4.5
months in patients with heavily pretreated MBC [7]. Meanwhile, irinotecan when added to docetaxel, gemcitabine, or
cisplatin showed response rates of 31%-64% and median
time-to-progression of 6.7-8 months in patients with MBC
[8,9]. We previously conducted a phase II single-arm study
investigating the feasibility of using irinotecan plus
capecitabine (IX) in patients with anthracycline- and taxanepretreated MBC. As a result, ORR was 58.3% (95% confidence interval [CI], 42.2 to 72.9), and median progressionfree survival (PFS) was 7.6 months (95% CI, 5.0 to 10.2) [10].
Toxicities of this combination were manageable and tolerable: neutropenia  grade 3, 58.4%; febrile neutropenia 5.6%;
and grade 3 diarrhea, 2.8%. Based on these promising results,
a randomized, multicenter, and open-label phase III clinical
trial was conducted to determine whether irinotecan plus
capecitabine was superior to capecitabine alone in terms of
PFS for patients with anthracycline- and taxane-pretreated
MBC.

1. Study design and patients
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This open-label, multicenter, randomized phase III study
(PROCEED; Randomized Phase III trial of irinotecan plus
capecitabine versus capecitabine monotherapy in patients
with MBC previously treated with anthracycline and taxane)
was conducted at 10 sites in South Korea. Eligible patients
were  20 years old, with Eastern Cooperative Oncology
Group (ECOG) performance status scores of 0 or 1 and
human epidermal growth factor 2 (HER2)–negative MBC.
All participants had previously received anthracycline- and
taxane-based chemotherapies and no more than two previous cytotoxic regimens for their metastatic disease. Patients
who experienced disease recurrence within 1 year after completion of neo/adjuvant anthracycline- and taxane-based
chemotherapy were also eligible without any treatment for
their metastatic disease. Other inclusion criteria were as follows: (1) resolution of treatment-related toxicities to  grade
1, according to National Cancer Institute Common Terminology Criteria for Adverse Events (NCI-CTCAE) ver. 3.0; (2)
adequate organ function; and (3) negative serum pregnancy
test. The main exclusion criteria were symptomatic brain
metastasis, uncontrolled infection, or serious medical problems such as heart failure, uncontrolled diabetes, or gastrointestinal problems with absorption.
Patients were evenly randomized to either the irinotecan/
capecitabine combination (IX) or the single-agent capecitabine (X) study arm. Randomization was stratified by hormone receptor status and presence of visceral metastasis. The
primary study endpoint was PFS in the intention-to-treat
(ITT) population, with secondary endpoints of ORR, overall
survival (OS), and safety.
2. Study treatment and assessment
Irinotecan was administered intravenously at a dose of 80
mg/m2 over 90 minutes on days 1 and 8, and capecitabine
was given per oral as 1,000 mg/m2 dose twice daily on days
1-14 every 3 weeks. In the single-agent capecitabine arm, the
dosage was 1,250 mg/m2 twice daily on days 1-14 every
3 weeks. To lessen irinotecan-induced toxicities, we concomitantly administered urodeoxycholinic acid (200 mg three
times), sodium bicarbonate (1,000 mg twice), and magnesium
oxide (300 mg) for 3 days. Loperamide was used to manage
delayed diarrhea. Dose modifications were performed for
patients with toxicities with the same manner as that utilized
in the previous phase II clinical trial [10]. Capecitabine interruptions or adjustments to manage toxicities were permitted
at the physician’s discretion. Treatment was continued until
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disease progression, unacceptable toxicities, or patient
request for discontinuation.
To assess tumors, the Response Evaluation Criteria in Solid
Tumors (RECIST) ver. 1.1 was applied at screening and every
6 weeks after treatment initiation. Adverse events (AEs) were
evaluated and recorded at baseline and throughout treatment using the NCI-CTCAE ver. 3.0. The European Organization for Research and Treatment of Cancer (EORTC)
Quality of Life Core Questionnaire (QLQ-C30) was also
administered to each patient at baseline and after every two
cycles of chemotherapy [11]. For this study, we used the
Korean version of QLQ-C30 which has been validated [12].
3. Statistical analysis
Prior data had provided a median PFS value for the control
arm of capecitabine monotherapy (X), which was 4.0 months
in a similar patient population [13,14]; and we anticipated a
median PFS of 6.0 months for combined irinotecan/capecitabine treatment (IX). Patients would be randomized to each
group at a 1:1 ratio, necessitating a total enrollment of 200
patients for a power of 80%. The type I error probability
associated with testing this null hypothesis was 0.05. Assuming a withdrawal rate of 10%, a total patient accrual of 222
was warranted.
All patients participating in randomization were included
in the ITT population, which served for all survival analysis.
Safety was assessed in those receiving at least one dose of a

study treatment regimen, and ORR was evaluated in patients
with measurable disease. PFS and OS estimates were generated by Kaplan-Meier method and compared via log-rank
test. The Cox proportional hazards analysis was applied to
weigh outcomes of the experimental treatment against those
of the control arm, examining variables that might impact
treatment response. ORR was calculated as the proportion of
patients with complete or partial tumor responses.
The QLQ-C30 data were linearly transformed to yield
scores from 0 to 100, according to the EORTC scoring manual
[11]. The mean change in QoL score from baseline was calculated separately, and analysis of variance (ANOVA) with
repeated measures was used for between-group comparison
of mean change in QoL score. All tests were 2-sided, and we
considered p-value of < 0.05 as statistically significant. All
statistics were calculated using SPSS ver. 21.0 software (IBM
Corp., Armonk, NY).
4. Ethical statement
This trial complied fully with guidelines for Good Clinical
Practice and the Declaration of Helsinki. Written informed
consent was obtained from each patient. Approval of the protocol and of any amendments was obtained from an independent ethics committee for each site. This study was
registered with ClinicalTrials.gov (number NCT01501669).

Enrolled (n=233)
Screening failure (n=9)
Withdrew consent before
randomization (n=3)
Randomized (n=221)

Assigned to IX (n=114)

Assigned to X (n=107)
Withdrew
consent (n=3)

Withdrew
consent (n=7)

Received IX (n=111)

Received X (n=100)

ITT population (n=114)
Safety population (n=111)
Response evaluable population (n=99)

ITT population (n=107)
Safety population (n=100)
Response evaluable population (n=84)

Fig. 1. Study flowchart. ITT, intention-to-treat.
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Table 1. The baseline patient characteristics
Characteristic
Age, median (range, yr)
ECOG PS
0
1
2
Menopausal status
Pre-menopause
Post-menopause
ER/PgR
Positive
Negative
(Neo)Adjuvant chemotherapy
Adjuvant endocrine
Visceral metastasis
Yes
No
Previous palliative endocrine therapy
Yes
No
No. of previous chemotherapies
0
1
2

IX (n=114)

X (n=107)

p-value

50 (29-73)

49 (30-80)

0.64

26 (22.8)
87 (76.3)
1 (0.9)

24 (22.4)
81 (75.7)
2 (1.9)

0.82

30 (26.3)
84 (73.7)

32 (29.9)
75 (70.1)

0.65

62 (54.4)
52 (45.6)
89 (78.1)
48 (42.1)

69 (64.5)
38 (35.5)
77 (72.0)
43 (40.2)

0.13

66 (57.9)
48 (42.1)

63 (58.9)
44 (41.1)

0.89

38 (33.3)
76 (66.7)

44 (41.1)
63 (58.9)

0.23

13 (11.4)
61 (53.5)
40 (35.1)

13 (12.1)
48 (44.9)
46 (43.0)

0.27

0.35
0.79

Values are presented as number (%). IX, irinotecan and capecitabine combination; X, capecitabine alone; ECOG PS, Eastern
Cooperative Oncology Group Performance Score; ER, estrogen receptor; PgR, progesterone receptor.

Results
1. Baseline characteristics and study treatment
Between March 2011 and May 2016, 233 patients were
enrolled. Of these, 114 patients were randomized to arm IX
and 107 to arm X (Fig. 1). Three patients in arm IX and seven
patients in arm X withdrew consent before proceeding to
treatment. Consequently, 211 patients received at least one
dose of assigned treatment and they were included in safety
analysis. There were no statistically significant differences
between groups in terms of age, performance status, and visceral metastasis. In arms IX and X, 54.4% and 64.5% of
patients, had hormonal receptor positive disease. Two-thirds
of the patients received prior chemotherapy in the (neo)
adjuvant setting. The number of patients given more than
one line of chemotherapy for metastatic disease was 40
(35.1%) in arm IX and 46 (43.0%) in arm X (Table 1). Around
10% of patients received study regimens as the first-line therapy for MBC.
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2. Efficacy
During a median follow-up period of 22.8 months (95% CI,
18.8 to 26.8), a total of 118 deaths had occurred, 62 (54.4%) in
arm IX and 56 (52.3%) in arm X. The two arms showed no
significant difference in median PFS (arm IX: 6.4 months;
95% CI, 4.7 to 8.1 and arm X: 4.7 months; 95% CI, 3.7 to 5.7;
p=0.21) (Fig. 2A). Median OS in the two arms were also similar (IX: 20.4 months; 95% CI, 16.6 to 24.2 and X: 24.0 months;
95% CI, 17.1 to 30.9; p=0.63) (Fig. 2B). Those patients (n=183)
presenting with measurable disease at baseline were
accessed for response analysis (Table 2). Objective responses
were observed in 44 patients (44.4%) of arm IX and 28
patients (33.3%) of arm X arm, without significant difference
(p=0.30) (Table 2).
In subgroup analysis, combination (IX) treatment showed
significant improvement in PFS for patients with the triplenegative breast cancer (TNBC) subtype (hazard ratio [HR],
0.58; 95% CI, 0.37 to 0.91; p=0.02) (Fig. 3). Median PFS of the
TNBC subgroup in arm IX was 4.7 months (95% CI, 3.5 to
5.9), compared with 2.5 months (95% CI, 1.2 to 3.8) in arm X
(p=0.01) (Fig. 4A). However, such increase in PFS did not
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A

1.0

IX arm: mPFS, 6.4 mo (95% CI, 4.7-8.1)
X arm: mPFS, 4.7 mo (95% CI, 3.7-5.7)
p=0.21

0.6
0.4
0.2
0

IX arm: mOS, 20.4 mo (95% CI, 16.6-24.2)
X arm: mOS, 24.0 mo (95% CI, 17.1-30.9)
p=0.63

0.8
Cumulative survival rate

Cumulative survival rate

0.8

B

1.0

0.6
0.4
0.2

0

No. at risk
IX 113
X 107
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53
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17

9
6
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Time (mo)
4
2

36
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1
1

0
1
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1
1

0

0

No. at risk
IX 113
X 107

6
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87
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45
44

24
30
Time (mo)
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30

13
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36
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48

8
12

3
8

0
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Fig. 2. Survival analysis in the intention-to-treat population. Kaplan-Meier curve for progression-free survival (PFS) (A) and
overall survival (OS) (B) between irinotecan and capecitabine combination (IX) and capecitabine alone (X). mPFS, median
PFS; mOS, median OS; CI, confidence interval.

Table 2. Tumor responses for patients with measurable
disease
CR
PR
SD
PD
Not known
ORR

IX (n=99)

X (n=84)

p-value

4 (4.0)
40 (40.4)
30 (30.3)
16 (16.2)
9 (9.1)
44 (44.4)

1 (1.2)
27 (32.1)
26 (31.0)
22 (26.2)
8 (9.5)
28 (33.3)

0.30

Values are presented as number (%). IX, irinotecan and
capecitabine combination; X, capecitabine alone; CR, complete response; PR, partial response; SD, stable disease;
PD, progressive disease; ORR, objective response rate
(CR+PR).

lead to the prolongation of OS in this subgroup (median OS,
18.0 months; 95% CI, 13.0 to 23.0 vs. 13.2 months; 95% CI, 6.7
to 19.7; p=0.36) (Fig. 4B).
3. Safety and QoL data
Patients who received at least one dose of study treatment
were included in safety and QoL analysis. More patients in

arm IX required dose reductions or interruptions (Table 3).
The most common reasons for dose reduction or interruption
in IX arm were hematologic toxicities (85.2%, 71.1%) and
hand-foot syndrome (50.0%, 28.0%) in X arm. Permanent
therapeutic discontinuation was rare: one patient in arm IX
arm (arrhythmia) and three patients in arm X (n=1, infection;
n=2, hematologic toxicities). In arm IX, the more common
AEs included hematologic toxicities and diarrhea (Table 4).
In particular, most of neutropenia and anemia occurred in IX
arm were more than grade 2 which required dose modification of study drugs. Although neutropenia was the most
common AE, the frequency of neutropenic fever was quite
low in IX arm (n=1, 2.6%). On the other hand, hand-foot syndrome of any grade was more often manifested in arm X
(53.0% vs. 31.5%). None of the AEs in either treatment arm
resulted in death.
QoL assessments were conducted at baseline and after
every two cycles after randomization. However, data
obtained after cycle 11 could not be reliably evaluated, with
< 10% of patients remaining in the study beyond this time
point. Significant differences in favor of arm X were noted
for diarrhea and nausea/vomiting symptom scales (p < 0.05).
The differences observed between treatment arms in other
functional scales and in the global health scale were not significant (Fig. 5A and B).
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Age
≥ 45 yr
< 45 yr
Subtype
TNBC
Non-TNBC
Visceral involvement
No
Yes
Target lesion
No
Yes
Previous regimens
0-1
≥2
0

HR (95% CI)

p-value

0.73 (0.52-1.03)
1.09 (0.67-1.78)

0.07
0.73

0.58 (0.37-0.91)
0.83 (0.57-1.20)

0.02
0.32

0.81 (0.52-1.28)
0.84 (0.58-1.20)

0.37
0.33

0.86 (0.39-1.90)
0.80 (0.59-1.08)

0.71
0.14

0.85 (0.59-1.22)
0.85 (0.54-1.33)

0.37
0.58

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Favours treatment of IX Favours treatment of X

Fig. 3. The forest plots of progression-free survival in subgroups stratified by clinical factors. IX, irinotecan and capecitabine
combination; X, capecitabine; HR, hazard ratio; CI, confidence interval; TNBC, triple negative breast cancer.
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p=0.36
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1.0

IX arm: mPFS, 4.7mo (95% CI, 3.5-5.9)
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Fig. 4. Survival analysis in the triple negative breast cancer subgroup. Kaplan-Meier curve for progression-free survival
(PFS) (A) and overall survival (OS) (B) between irinotecan and capecitabine combination (IX) and capecitabine alone (X).
mPFS, median PFS; mOS, median OS; CI, confidence interval.
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Table 3. Dose modification of study drugs according to AEs
Dose reduction
Hematologic AE
Hand-foot syndrome
Diarrhea
Dose interruption
Hematologic AE
Hand-foot syndrome
Neutropenic fever
Diarrhea
Treatment discontinuation

IX (n=111)

X (n=100)

61 (54.9)
52 (85.2)
12 (23.1)
4 (6.6)
38 (34.2)
27 (71.1)
5 (13.2)
1 (2.6)
1 (2.6)
1 (0.9)
1 (arrhythmia)

34 (34.0)
9 (26.5)
17 (50.0)
0(
25 (25.0)
14 (56.0)
7 (28.0)
1 (4.0)
1 (4.0)
3 (3.0)
1 (infection), 2 (hematologic AE)

Values are presented as number (%). AE, adverse events; IX, irinotecan and capecitabine combination; X, capecitabine alone.

Table 4. Treatment related adverse events in both arms
IX (n=111)
Hematologic AE
Neutropenia
Anemia
Thrombocytopenia
Non-hematologic AE
Hand-foot syndrome
Diarrhea
Nausea/Vomiting
Liver function abnormality
Paronychia
Edema
Asthenia
Insomnia

X (n=100)

p-value

Grade 1-2

Grade 3-4

Grade 1-2

Grade 3-4

26 (23.4)
3 (2.7)
7 (6.3)

44 (39.6)
16 (14.4)
0(

7 (7.0)
10 (10.0)
4 (4.0)

9 (9.0)
1 (1.0)
0(

< 0.001
< 0.001
0.45

33 (29.7)
46 (41.4)
61 (54.9)
2 (1.8)
2 (1.8)
9 (8.1)
3 (2.7)
15 (13.5)

2 (1.8)
3 (2.7)
0(
0(
0(
0(
0(
0(

49 (49.0)
29 (29.0)
36 (36.0)
7 (7.0)
4 (4.0)
5 (5.0)
5 (5.0)
7 (7.0)

4 (4.0)
1 (1.0)
2 (2.0)
1 (1.0)
1 (1.0)
0(
0(
0(

0.007
0.012
0.03
0.098
0.36
0.37
0.38
0.12

Values are presented as number (%). IX, irinotecan plus capecitabine arm; X, capecitabine alone arm; AE, adverse events.

Discussion
In general, combination therapy for MBC showed prolonged PFS with higher response rate compared to
monotherapy, though such beneficial effects did not result
in improved OS [15-18]. In this phase III study, the addition
of irinotecan to capecitabine (IX) did not show the superior
clinical efficacies to capecitabine monotherapy (X) in patients
with MBC previously exposed to anthracycline and taxane
based treatment. The study was designed based on the
assumption that combination treatment (IX) would prolong
PFS 2.0 months beyond the 4.0-month PFS of monotherapy

(X). In our results, the PFS of arm IX was 6.4 months (95%
CI, 4.7 to 8.1), and that of arm X was 4.7 months (95% CI, 3.7
to 5.7). For overall response rate, IX showed numerically
higher response rate, however it did not reach statistical significance (44.4% vs. 33.3%, p=0.30). There are several possible
explanations for the failure of this study. First, the number
of patients with estrogen receptor– or progesterone receptor–positive disease in arm X arm was higher (64.5% vs.
54.4%, p=0.13), though it was not statistically significant.
Such imbalance between two groups may have had caused
the better PFS of arm X than expected. Second, the dose
reductions and interruptions due to more frequent and
severe hematologic toxicities of the combination treatment
VOLUME 51 NUMBER 1 JANUARY 2019
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Fig. 5. Quality of life measurement. (A) The difference between baseline and each time point in global health and functional
subscales. Positive values meant improved state compared with baseline. (B) The change in symptom subscales from baseline.
In contrast to functional subscales, negative values meant improved state. IX, irinotecan and capecitabine combination; X,
capecitabine. *p < 0.05.

50

CANCER RESEARCH AND TREATMENT

In Hae Park, Study of Irinotecan in Metastatic Breast Cancer

may have made it difficult to maintain adequate dose intensities of both irinotecan and capecitabine in this group.
Even though it was a subgroup analysis, results of the
TNBC subgroup were intriguing. There have been few data
regarding the benefits of combination therapy according to
hormone receptor status. Similarly to our study, another
phase III trial comparing ixabepilone plus capecitabine with
single-agent capecitabine has demonstrated the superiority
of combination treatment in a TNBC patient subgroup (HR,
0.64; 95% CI, 0.48 to 0.84) [18], whereas patients with hormone receptor–positive disease did not receive benefits from
combination therapy (HR, 0.96; 95% CI, 0.80 to 1.14). Considering the more potent cytotoxic effects of combination therapy, it may be more reasonable to target hormone receptor
negative-disease, which progresses rapidly with early drug
resistance. Additionally, there was a tendency for OS
improvement with irinotecan combination treatment in
TNBC subgroup in this study, which was not adequately
powered.
There were some concerns regarding safety of IX combination. Although most of the toxicities were manageable,
neutropenia was the most pronounced toxicity that was
responsible for frequent dose interruptions and delays. In
addition, gastrointestinal symptoms such as diarrhea, nausea, and vomiting had significantly worse effects on QoL. In
an earlier study, Perez et al. [7] has shown that weekly
irinotecan is more tolerable and effective than every 3 weeks
treatment. Although we did administer irinotecan on a
weekly basis, the degree of toxicity seemed to be worse as
combined with capecitabine.
Recently, the result of phase III clinical trial (BEACON)
which compared oral irinotecan agent, etirinotecan pegol
with treatment of physician’s choice in patients with HER2
negative MBC was reported [19]. Etirinotecan pegol is
designed to improve tissue distribution and reduce the toxicities of SN38, the active metabolite of irinotecan [20]. The
toxicity profile of etirinotecan pegol was comparable to that
of control arm, despite worse gastrointestinal symptoms
( grade 3 diarrhea 10% vs. 1%) [19,21]. Although the study
did not demonstrate an improvement in OS for etirinotecan
pegol arm compared to control arm, subgroup analysis
showed prolonged survival in patients with liver or brain
metastasis, more aggressive disease [22]. Irinotecan may
have promise for more challenging diseases such as TNBC
or those with visceral metastasis, as inferred from BEACON
trial and our study.
In summary, irinotecan and capecitabine combination did
not prove clinically superior to capecitabine alone as treatment of HER2-negative anthracycline- and taxane-pretreated
MBC. Even though more AEs were found in combination
treatment arm, most cases were tolerable and manageable.
In view of the unmet need for effective drugs in highly

refractory disease, irinotecan based chemotherapy could
offer some benefits to patients with TNBC based on our subgroup analysis. Further clinical studies will be needed for
irinotecan based treatment for this subgroup of patients. In
addition, the reasonable approach to mitigate irinotecan toxicities should be planned as part of proactive supportive care.
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Medical Travel among Non-Seoul Residents to Seek Prostate Cancer
Treatment in Medical Facilities of Seoul

Purpose
This study aims to investigate the trend in medical travel by non-Seoul residents to Seoul
for treatment of prostate cancer and also to investigate the possible factors affecting the
trend.
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Materials and Methods
This study represents a retrospective cohort study using data from the Korean National Health
Insurance System from 2002 to 2015. Annual trends were produced for proportions of
patients who traveled according to the age group, economic status and types of treatment.
Multiple logistic analysis was used to determine factors affecting surgeries at medical facilities
in Seoul among the non-Seoul residents.
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Results
A total of 68,543 patients were defined as newly diagnosed prostate cancer cohorts from
2005 to 2014. The proportion of patients who traveled to Seoul for treatment, estimated
from cases with prostate cancer-related claims, decreased slightly over 9 years (28.0 at
2005 and 27.0 at 2014, p=0.02). The average proportion of medical travelers seeking radical prostatectomy increased slightly but the increase was not statistically significant (43.1
at 2005 and 45.4 at 2014, p=0.26). Income level and performance of robot-assisted radical
prostatectomy were significant positive factors for medical travel to medical facilities in
Seoul. Combined comorbidity diseases and year undergoing surgery were significant negative factors for medical travel to medical facilities in Seoul.
Conclusion
The general trend of patients travelling from outside Seoul for prostate cancer treatment
decreased from 2005 to 2014. However, a large proportion of traveling remained irrespective of direct distance from Seoul.
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Introduction
Prostate cancer (PCa) accounts for a major portion of cancer cases and cancer-specific mortality worldwide [1], which
warrants ongoing efforts to optimize public health strategies
for mitigating the social burden of PCa. The expected clinical
outcomes by treatment including surgery is affected by hospital volume regarding post-operative complications and
mortality [2,3].
Surgeries related with PCa including robot-assisted radical
prostatectomy (RARP), open radical prostatectomy (RP) and
laparoscopic RP are also affected by volume-outcome relationship. Similarly with open RP and laparoscopic RP, high
hospital volumes of RARP were related with favorable perioperative and functional outcomes [4-6]. During the past
decade, especially regarding surgical outcomes including
open RP and laparoscopic RP, medical travel including centralization was recognized as one of the most important factors for predicting clinical outcomes, including peri-operative complications, oncologic and functional outcomes, and
costs [7,8].
Studies on medical travel, among PCa patients have
focused primarily on western countries, and there have been,
no reports focused on developing countries or Asian countries with high population densities. Considering the high
incidence and prevalence of PCa not only in Western countries but also in developing countries and Asian countries,
the public health burden of PCa is increasing.
The aim of this study was to investigate trends in medical
travel to the Korean capital city, Seoul, among PCa patients
who were non-Seoul residents. Recently, after widespread
adoption of RARP, a worldwide decentralization phenomenon was confirmed [4,6], hence this study focused more on
medical travel itself rather than focusing on centralization.
This study also aimed to investigate the factors affecting
medical travel choice among non-Seoul resident PCa
patients.

Materials and Methods
1. Data sources and study patient identification
This study used National Health Information Database
(NHIS-2017-4-027) made by Korean National Health Insurance Service (NHIS). The author(s) declare no conflict of
interest with NHIS. Healthcare claim data for the years 2002
through 2015 were collected from the Korean National
Health Insurance System (KNHI). Because almost all of the
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payments were based on fee-for-service, National Health
Insurance (NHI) claim data contains a specific disease code
and all data necessary for reimbursement, including patient
socio-demographic information such as sex, age, health
insurance premiums, residential area, comorbid diseases,
diagnostic tests, procedures, and prescriptions provided, and
outcomes (deaths). This database is extensively used for epidemiological and health policy studies [9,10]. All of the
patients with code C16 claims from 2002 to 2015, indicating
PCa according to the International Classification of Diseases,
10th edition, Clinical Modification (ICD-10-CM), were screened.
Among 874,924 patients having code C61 from 2002 to
2015, we selected 83,405 patients who had undergone primary treatments such as surgery (radical prostatectomy,
robot-assisted radical laparoscopic prostatectomy), androgen
deprivation therapy (ADT), or radiation therapy (RTx) for
PCa for the first time since 2003. Setting 2 years as filtering
before cohort inclusion was due to know the real history of
using hospital utilities in Seoul before to undergo primary
treatment either in hospital utilities in Seoul or in non-Seoul
area and to consider follow up period as 1 year after primary
treatment.
The 3,356 patients who received primary treatments in
2002 were excluded because we could not confirm the date
of initial primary treatment. We also excluded patients who
only received second line ADT for PCa (n=232) and those for
which information on residential area was missing (n=53).
Finally, we selected 68,543 patients who had received primary treatment for PCa from 2005 to 2014 because they had
claim information at least 2 years before and 1 year after the
primary treatment (Fig. 1).
2. Operational definition of primary treatments types and
medical facilities use
We analyzed treatment patterns and medical costs for the
primary treatment of PCa. The primary treatment methods
included surgery, ADT, and RTx. Surgery included RP and
RARP. RP included open radical retropubic prostatectomy
and laparoscopic radical prostatectomy. The KNHI reimbursement codes of the RP were R3950, R3960, and RZ512.
Because RARP is not reimbursed by KNHI, it cannot be identified by that code. Thus, RARP was operationally defined
as the absence of a surgery code, despite the presence of general anesthesia (code L1211) and postoperative pathologic
examination code (code C5500, C5500, C5501, C5502, C5503,
C5504, C5505, C5506, C5507, C5508, C5509, C5911, C5912,
C5913, C5914, C5915, C5916, C5917, C5918, C5919) as described previously [11]. Primary ADT included both surgical
orchiectomy and medical castration. Medical castration
included luteinizing hormone-releasing hormone agonist

Jae Heon Kim, Medical Travel of Prostate Cancer Patients

Patients with code C61 claims
in NHIS from 2002 to 2015
(n=874,924)

Prostate cancer patient newly
diagnosed after 2003
(n=83,405)

Prostate cancer patient newly
diagnosed from 2005 to 2014
(n=68,543)

Excluded due to:
Had never undergone surgery (RP, RARP), ADT,
or radiation therapy for cancer since 2002 (n=788,163)
Had received abovementioned treatment in 2002,
who could not confirm if they had ever received
treatment for prostate cancer before (n=3,356)
Excluded due to:
Had only received second line ADT treatment (n=232)
Had no information about residential area (n=53)
Selecting patients who had newly diagnosed
from 2005 to 2014, who had at least 2-year before
and 1-year after the primary treatment, respectively

Fig. 1. A flowchart illustrating the selection process of patients. NHIS, National Health Insurance Service; RP, radical prostatectomy; RARP, robot-assisted radical prostatectomy; ADT, androgen deprivation therapy.

only, anti-androgen only, and combined androgen blockade.
The types of primary treatment for PCa were grouped into
seven categories as follows: (1) surgery only, including
neoadjuvant ADT or RT within 6 months of surgery; (2) surgery with ADT within 6 months after surgery, including surgery with ADT and chemotherapy within 6 months after
surgery; (3) surgery with RT within 6 months after surgery;
(4) surgery with RT and ADT (including chemotherapy); (5)
RT only; (6) ADT only, including ADT with chemotherapy;
and (7) RT and ADT, including ADT with chemotherapy.
Since our study subjects were PCa patients newly diagnosed between 2005 and 2014, we could observe the patient’s
medical histories for a maximum of 11 years, from 1 year
prior to starting primary treatment to the 10th year following. In the present study, “medical travel of PCa care” indicated that PCa patients who resided outside of Seoul used
medical facilities in Seoul. “Prostate cancer-related claims”
indicates the claims of PCa as a major disease. We analyzed
the overall trends in use of medical facilities by Seoul and
non-Seoul residents in prostate cancer-related claims and
others. Then, we mainly focused the trends in use of medical
facilities in Seoul by non-Seoul residents, which included
medical facility use from the first, second, and fifth year after
starting primary treatment by age, income level, and treatment type among the non-Seoul residents in prostate cancerrelated claims and trends in RP rate undergone at medical
facilities in Seoul among the non-Seoul residents.

3. Other 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 (< 50,
50-64, 65-74, and  75 years). Based on income levels, we
identified patients in the insurance premium categories of
below poverty line (lowest) and quintile (I, II, III, IV, and V
[highest]) as provided by KNHI. KNHI contribution was
used as a proxy measure for actual household income
because it is calculated based on the income, property, and
private auto taxes for each household [12]. The residential
area was divided into three categories (metropolitan, urban,
and suburban/rural), according to Korean ZIP code. Residential area was further classified according to the administrative district as follows: Busan, Daegu, Incheon, Gwangju,
Daejeon, Ulsan, Gyeonggi-do, Gangwon-do, Chungcheongbuk-do, Chungcheongnam-do, Jeollabuk-do, Jeollanam-do,
Gyeongsangbuk-do, Gyeongsangnam-do, and Jeju. The
Charlson comorbidity index, which is a single index of
comorbidity burden developed to assess the relative risk of
a patient’s comorbid conditions for determining patient outcome after a critical illness, was used to group patients into
four categories according to the index score: 0, 1-2, 3-4, and
 5 (the most severe) [13]. Descriptive statistics were used to
characterize trends in the utilization rate of medical facilities
in Seoul among non-Seoul residents. Multivariable logistic
regression was used to determine the adjusted odds ratios
(aOR) and 95% confidence interval (CI) of sociodemographic
VOLUME 51 NUMBER 1 JANUARY 2019
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Total
Age (yr)
Mean±SD
< 50
50-64
65-74
 75
Residential area
Metropolitan
Urban
Rural
Unknown
Income level, quintiles
Below poverty line (lowest)
I
II
III
IV
V (highest)
Charlson comorbidity index
Mean±SD
0
1-2
3-4
5
Primary treatment
Surgery only
Surgery+ADT
Surgery+RTx
Surgery+ADT+RTx
RT only
ADT only
ADT+RTx

Characteristic
4,311
70.1±8.5
56 (1.3)
992 (23.0)
1,957 (45.4)
1,306 (30.3)
2,521 (58.5)
1,074 (24.9)
583 (13.5)
133 (3.1)
613 (14.3)
451 (10.5)
380 (8.8)
501 (11.6)
763 (17.7)
1,603 (37.2)
3.9±3.4
584 (13.5)
1,392 (32.3)
804 (18.6)
1,531 (35.5)
1,153 (26.7)
124 (2.9)
208 (4.8)
81 (1.9)
105 (2.4)
2,009 (46.6)
631 (14.6)

70.3±8.5
39 (1.1)
809 (22.8)
1,584 (44.7)
1,114 (31.4)
2,124 (59.9)
872 (24.6)
524 (14.8)
26 (0.8)
626 (17.7)
326 (9.2)
337 (9.5)
396 (11.2)
631 (17.8)
1,230 (34.7)
3.9±3.6
616 (17.4)
1,030 (29.0)
637 (18.0)
1,265 (35.7)
835 (23.5)
74 (2.1)
170 (4.8)
52 (1.5)
68 (1.9)
1,829 (51.6)
518 (14.6)

2006

3,546

2005
5,080

2007

1,576 (31.0)
186 (3.7)
274 (5.4)
96 (1.9)
93 (1.8)
2,216 (43.6)
639 (12.6)

3.8±3.4
607 (11.9)
1,738 (34.2)
1,073 (21.1)
1,662 (32.7)

339 (6.7)
571 (11.2)
581 (11.4)
731 (14.4)
925 (18.2)
1,933 (38.1)

2,916 (57.4)
1,431 (28.2)
733 (14.4)
-

70.0±8.3
56 (1.1)
1,153 (22.7)
2,379 (46.8)
1,492 (29.4)

Table 1. Demographic and clinical characteristics of patients

2,187 (35.1)
297 (4.8)
278 (4.5)
110 (1.8)
88 (1.4)
2,613 (42.0)
652 (10.5)

4.0±3.5
701 (11.3)
1,984 (31.9)
1,357 (21.8)
2,183 (35.1)

356 (5.7)
673 (10.8)
614 (9.9)
832 (13.4)
1214 (19.5)
2,536 (40.7)

3,613 (58.0)
1,695 (27.2)
917 (14.7)
-

69.9±8.3
65 (1.0)
1,446 (23.2)
2,966 (47.6)
1,748 (28.1)

6,225

2008

2,592 (37.7)
336 (4.9)
358 (5.2)
127 (1.8)
114 (1.7)
2,745 (39.9)
601 (8.7)

4.2±3.5
673 (9.8)
2,117 (30.8)
1,586 (23.1)
2,497 (36.3)

407 (5.9)
808 (11.8)
720 (10.5)
918 (13.4)
1,240 (18.0)
2,780 (40.4)

4,040 (58.8)
1,829 (26.6)
1,004 (14.6)
-

7,262

2010

2,738 (37.7)
334 (4.6)
400 (5.5)
131 (1.8)
124 (1.7)
2,820 (38.8)
715 (9.8)

4.2±3.4
682 (9.4)
2,256 (31.1)
1,703 (23.5)
2,621 (36.1)

438 (6.0)
863 (11.9)
710 (9.8)
994 (13.7)
1,377 (19.0)
2,880 (39.7)

4,223 (58.2)
1,954 (26.9)
1,085 (14.9)
-

69.9±8.3
83 (1.1)
1,607 (22.1)
3,482 (47.9)
2,090 (28.8)

Year

69.9±8.2
73 (1.1)
1,497 (21.8)
3,333 (48.5)
1,970 (28.7)

6,873

2009

3,314 (39.2)
387 (4.6)
398 (4.7)
167 (2.0)
238 (2.8)
3,044 (36.0)
901 (10.7)

4.2±3.5
741 (8.8)
2,648 (31.3)
1,966 (23.3)
3,094 (36.6)

521 (6.2)
967 (11.4)
847 (10.0)
1,128 (13.4)
1,621 (19.2)
3,365 (39.8)

4,971 (58.8)
2,241 (26.5)
1,234 (14.6)
3 (0.0)

70.0±8.2
82 (1.0)
1,932 (22.9)
3,939 (46.6)
2,496 (29.5)

8,449

2011

3,478 (39.4)
360 (4.1)
327 (3.7)
202 (2.3)
223 (2.5)
3,185 (36.1)
1,050 (11.9)

4.4±3.5
747 (8.5)
2,551 (28.9)
1,990 (22.5)
3,537 (40.1)

493 (5.6)
975 (11.0)
856 (9.7)
1,215 (13.8)
1,657 (18.8)
3,629 (41.1)

5,193 (58.8)
2,278 (25.8)
1,354 (15.3)
-

70.3±8.3
67 (0.8)
2,017 (22.9)
3,957 (44.8)
2,784 (31.5)

8,825

2012

3,594 (40.3)
350 (3.9)
333 (3.7)
173 (1.9)
256 (2.9)
3,267 (36.6)
951 (10.7)

4.4±3.5
746 (8.4)
2,607 (29.2)
2,066 (23.1)
3,505 (39.3)

571 (6.4)
1,025 (11.5)
921 (10.3)
1,183 (13.3)
1,722 (19.3)
3,502 (39.2)

5,311 (59.5)
2,358 (26.4)
1,238 (13.9)
17 (0.2)

70.1±8.2
73 (0.8)
2,062 (23.1)
4,070 (45.6)
2,719 (30.5)

8,924

2013

3,568 (39.4)
367 (4.0)
224 (2.5)
176 (2.0)
285 (3.2)
3,527 (39.0)
901 (9.9)

4.4±3.6
736 (8.1)
2,635 (29.1)
2,149 (23.8)
3,528 (39.0)

455 (5.0)
1,099 (12.1)
940 (10.4)
1,220 (13.5)
1,766 (19.5)
3,568 (39.4)

5,150 (56.9)
2,515 (27.8)
1,368 (15.1)
15 (0.2)

70.5±8.3
75 (0.8)
1,985 (21.9)
4,050 (44.8)
2,938 (32.5)

9,048

2014
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226,864
246,733
223,621
218,686
209,795
194,932
177,825
193,725
213,218
191,322
178,382
182,022
176,910
160,347
151,256
116,842
168,878
155,709
144,581
135,586
138,642
131,980
125,123
114,432
86,306
114,788
123,038
115,387
107,245
104,193
103,242
99,308
89,430
84,849
65,870
86,188
78,472
91,041
86,498
80,729
76,173
75,759
71,777
67,010
61,454

1,498,456
1,447,182
1,231,773
1,027,786
840,971

Total No. of claims
by year from PT
1 yr before
1st yr
2nd yr
3rd yr
4th yr
5th yr
6th yr
7th yr
8th yr
9th yr
10th yr

Values are presented as number (%) unless otherwise indicated. SD, standard deviation; ADT, androgen-deprivation therapy; RTx, radiation therapy; PT, primary
treatment.

347,995
393,006
339,298
393,278
309,148
278,972
243,712
263,633
252,208
239,232
218,456
204,358

296,191
346,655
302,860
276,589
252,714

349,658
393,577
310,416

741,001
1,053,651
1,320,696
1,475,009
1,421,599

2012
2008
2007
Characteristic

Table 1. Continued

2005

2006

2009

Year

2010

2011

2013

2014
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and clinical factors that affected surgery at medical facilities
in Seoul among the non-Seoul resident. All analyses were
performed using SAS ver. 9.4 (SAS Institute Inc., Cary, NC).
4. Ethical statement
The study protocol was approved by the Institutional
Review Board of Chungbuk University Hospital (CBNUH
2015-04-004-002). Informed consent requirements were
waived because the study was based on routinely collected
administrative data, and patient data were kept anonymous.

Results
1. Patient deposition and characteristics
Incidence of PCa diagnoses increased from 2005 to 2014
(3,546 in 2005 and 9,048 in 2014) (Table 1). Among the PCa
cohort, incidence increased in the over 75 age group (31.4%
in 2008 and 32.5% in 2014). Incidence increased for all income
level groups. However, for the Charlson comorbidity index,
the group with Charlson comorbidity of zero decreased
(17.4% in 2005 and 8.1% in 2014) while, patients with Charlson comorbidity index of 3-4 and over 5 increased. For treatments, both the surgery-only group and RTx-only group
showed increasing trends, and both the ADT only group and
ADT+RTx group showed decreasing trends.
2. Utilization rate of Seoul medical facilities among nonSeoul residents
Medical travel proportions calculated using cases with
prostate cancer-related claims during the first year was
decreased slightly (25.8 at 2005 and 24.2 at 2014, p=0.02)
(Table 2). During the first and second years, and second and
third year, similar trends were noted in that the general trend
of decreasing prostate cancer-related total claims. From 2005
to 2014, age groups younger than age 65 showed the highest
utilization rates compared with other age groups, including
ages 65-74 and older than age 75 (Fig. 2). From 2005 to 2014,
the highest income level group showed the highest utilization rate while the lowest income level group had the lowest
utilization rate. For treatment types, a general decreasing
trend was observed in all types of surgery except multimodal
treatment group (surgery+ADT+RTx), which showed similar
pattern at fifth year from the primary treatment (S1 Fig.).
Patients from outside Seoul seeking RP in Seoul did not
decrease (43.1 at 2005 and 45.4 at 2014, p=0.26) (Table 3). Both
the closest administrative regions of Incheon and GyeonggiVOLUME 51 NUMBER 1 JANUARY 2019
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Utilization rate of medical facilities outside
Seoul among the Seoul residents

Utilization rate of medical facilities in Seoul
among the non-Seoul residents

Year from primary treatment
0
1
2
3
4
5
6
7
8
9
10
0
1
2
3
4
5
6
7
8
9
10

28.0
25.8
23.8
23.1
24.3
24.4
24.3
24.1
25.3
24.4
23.4
9.9
9.0
8.4
10.1
9.6
8.4
8.9
9.7
8.7
12.7
11.5

2005

7.8
8.6
9.3
9.0
7.2
7.0
10.3
6.3
7.8
8.1

32.5
28.4
26.9
26.8
24.8
24.4
23.4
24.3
23.3
24.9

2006

9.5
11.5
9.6
9.7
10.2
8.6
8.0
8.6
8.3

31.8
27.2
24.5
23.1
23.2
23.8
23.1
23.4
23.2

2007

8.5
7.5
7.2
7.8
7.6
8.7
7.0
7.4

29.9
27.3
24.2
22.8
21.4
23.6
23.4
23.0

2008

6.5
6.1
7.6
8.5
9.7
7.0
9.4

28.7
26.7
24.0
24.1
23.6
24.7
23.7

2009

6.4
6.6
6.2
6.4
6.1
7.2

29.0
26.1
23.8
23.2
23.4
21.7

2010

Prostate cancer-related claims

8.8
7.7
6.8
6.6
6.1

28.6
25.8
23.2
21.3
21.0

2011

7.9
9.0
8.4
7.0

28.3
24.0
22.2
20.3

2012

Table 2. Trends in utilization rate of medical facilities of Seoul and non-Seoul residents in prostate cancer-related claims and others

9.4
8.6
9.1

27.0
23.2
21.3

2013

5.4
5.6

27.0
24.2

2014
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90
80

Age (yr)
< 65
65-74
≥ 75

A

70
60
50
40
30
20
10
0
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Year

Medical facilities use in Seoul (%)

100
90
80
70
60

100
Medical facilities use in Seoul (%)

Medical facilities use in Seoul (%)

100

90
80
70

Income level
Below poverty line (lowest)
I
II
III
IV
V (highest)

B

60
50
40
30
20
10
0
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Year

C
Treatment
Surgery only
Surgery+ADT
Surgery+RTx
Surgery+ADT+RTx
RTx only
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Fig. 2. Utilization rate of medical facilities from first year after starting primary treatment by age (A), income level (B), and
treatment type (C) among non-Seoul residents in prostate cancer-related claims. ADT, androgen deprivation therapy; RTx,
radiation therapy.

do, and the farthest region of Jeju had increasing proportions,
ranging 48.3%-90.5%.
3. Factors affecting medical travel to Seoul
Income level and performance of RARP were significant
positive factors for medical travel to medical facilities in
Seoul (Table 4). Highest income level showed aOR as 1.88
(95% CI, 1.62 to 2.19), and performance of RARP showed
aOR as 4.09 (95% CI, 3.84 to 4.35). Combined comorbidity
diseases and year undergoing surgery were significant neg-

ative factors for medical travel to medical facilities in Seoul
(Table 4).
In 2007, significant factors affecting medical travel for RP
were age group (aOR, 1.02; 95% CI, 0.63 to 1.66), highest
income level (aOR, 2.38; 95% CI, 1.23 to 4.60), and robotic surgical platform (aOR, 11.15; 95% CI, 7.01 to 17.72) (Table 4). In
2014, significant factors affecting medical travel for RP were
age group (aOR, 1.46; 95% CI, 1.10 to 1.93), highest income
level (aOR, 2.25; 95% CI, 1.39 to 3.64), and robotic surgical
platform (aOR, 3.17; 95% CI, 2.72 to 3.71) (Table 5).
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39.8
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62.1
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34.0
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44.3
43.4
42.1
56.7
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27.1
41.1
32.2
34.7
47.6
47.1
31.9
51.4
68.2
60.4
52.6
58.9
63.5
58.5
48.2
40.5
48.3
28.9
35.1
50.7
40.9
33.9
31.5
32.6
27.2
30.9
25.9
29.7
34.0
38.7
31.1
26.8
26.9
25.1
20.8
22.1
26.9
43.1
50.2
46.8
47.4
48.2
47.1
44.5
43.8
43.9
45.4
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

Daejeon Ulsan Gyeonggi Gangwon Chungbuk Chungnam Jeonbuk Jeonnam Gyeongbuk Gyeongnam Jeju
Year Average Busan Daegu Incheon Gwangju

Table 3. Trends in radical prostatectomy rate undergone at medical facilities in Seoul among non-Seoul residents
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Discussion
Korea is one of the main countries whose mean population
age is rapidly increasing. In Korea, like other countries, the
prevalence of PCa is also increasing rapidly [1,14,15]. Moreover, as for Western countries, medical travel to metropolitan
areas among PCa patients [4,16] is prevalent but demographic trends have not been previously analyzed. This
study using the National Health Data Base, which covers
nearly 100% of all Korean patients, is the first study to focus
this issue in Asian countries.
This issue of medical travel is regarded as an important
public health concern [17,18]. Classically, the choice of medical facility for primary treatment depends on various factors,
including patients’ personal preferences for treatment and
sociodemographic factors [19]. The public health view is
focused not on patients’ personal attitudes based on knowledge, religion and culture [20], but rather on the sociodemographic factors including economic status, education level,
insurance status, and location of patient residence [21,22].
Although this study did not include the specific clinical
outcomes including cancer-specific mortality, this study
showed that there were evident disparities in the choice of
medical travel to Seoul according to sociodemographic factors. By multiple logistic regression analysis for 2007 and
2014, several factors, including age, economic status, combined morbidity, and surgery type were determined to affect
patient choice for medical travel into Seoul in this study.
In other Western studies, distance of medical travel was
one factor affecting choice of treatment facilities or types [23].
Muralidhar et al. [23] reported that both localized PCa
patients in urban and rural areas could not choose RTx
because of long distances between their residence area and
medical facilities where this option was available. Moreover,
considering the consecutive daily treatment pattern required
for RTx, medical travel for RTx could be inhibited [24]. However, in our study, distance was not a determining factor in
the choice of medical travel into Seoul. The farthest area, Jeju,
had the highest rate of medical travel into Seoul for RP. This
phenomenon could be due to Korea's advanced public transport system including route enlargement of high speed train
and emergence of low-cost air.
Patients with higher education level with stronger motivation for treatment, more affluent economic status, and younger age with fewer combined comorbidities could overcome
the obstacle presented by distance between their residential
area and medical facilities located far away [16,23,25]. Classically, medical travel distance was related with disease stage
at diagnosis, and need of multimodal treatment options
including adjuvant chemotherapy or RTx [26-29]. Our study
also showed an increasing trend for RTx and multimodal

Jae Heon Kim, Medical Travel of Prostate Cancer Patients

Table 4. Factors affecting surgery at medical facilities in Seoul among the non-Seoul residents
Age at the time of surgery (yr)
 75
65-74
< 65
Income level, quintiles
Below poverty line (lowest)
I
II
III
IV
V (highest)
Residential area
Busan
Daegu
Incheon
Gwangju
Daejeon
Ulsan
Gyeonggi-do
Gangwon-do
Chungcheongbuk-do
Chungcheongnam-do
Jeollabuk-do
Jeollanam-do
Gyeongsangbuk-do
Gyeongsangnam-do
Jeju-do
Charlson comorbidity index
0
1-2
3-4
5
Surgery
RP
RARP
Year undergoing surgery
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

aOR

95% CI

1.00
0.98
1.12

0.88-1.09
1.00-1.26

1.00
1.27
1.48
1.45
1.61
1.88

1.07-1.50
1.25-1.75
1.23-1.70
1.38-1.88
1.62-2.19

1.00
0.97
3.67
1.77
1.99
1.99
3.30
3.26
2.66
4.47
1.73
2.80
2.46
2.21
5.06

0.84-1.13
3.11-4.33
1.47-2.13
1.66-2.37
1.59-2.49
2.96-3.69
2.79-3.81
2.25-3.13
3.85-5.19
1.49-2.00
2.41-3.27
2.13-2.84
1.90-2.56
3.84-6.66

1.00
0.87
0.80
0.64

0.79-0.97
0.72-0.89
0.58-0.71

1.00
4.09

3.84-4.35

1.00
1.26
0.97
0.74
0.70
0.66
0.61
0.60
0.60
0.56

1.04-1.54
0.80-1.17
0.62-0.88
0.59-0.83
0.55-0.78
0.51-0.73
0.50-0.71
0.50-0.71
0.47-0.66

Adjusted for age, income level, residential area, Charlson comorbidity index, surgery type. aOR, adjusted odds ratio; CI,
confidence interval; RP, radical prostatectomy; RARP, robot-assisted radical prostatectomy.
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Table 5. Factors affecting surgery at medical facilities in Seoul among the non-Seoul residents
In 2007
Age at the time of surgery (yr)
 75
65-74
< 65
Income level, quintiles
Below poverty line (lowest)
I
II
III
IV
V (highest)
Residential area
Busan
Daegu
Incheon
Gwangju
Daejeon
Ulsan
Gyeonggi-do
Gangwon-do
Chungcheongbuk-do
Chungcheongnam-do
Jeollabuk-do
Jeollanam-do
Gyeongsangbuk-do
Gyeongsangnam-do
Jeju-do
Charlson comorbidity index
0
1-2
3-4
5
Surgery
RP
RARP

In 2014

aOR

95% CI

aOR

95% CI

1.00
1.05
1.02

0.66-1.68
0.63-1.66

1.00
1.21
1.46

0.92-1.58
1.10-1.93

1.00
1.40
2.28
1.88
1.80
2.38

0.68-2.89
1.10-4.71
0.94-3.78
0.92-3.56
1.23-4.60

1.00
1.55
1.75
1.50
1.93
2.25

0.92-2.59
1.04-2.93
0.91-2.49
1.19-3.15
1.39-3.64

1.00
1.24
2.10
0.64
0.43
1.29
2.14
1.56
1.11
2.21
1.57
1.02
1.62
0.87
11.47

0.66-2.33
1.00-4.42
0.30-1.37
0.20-0.94
0.55-3.02
1.39-3.30
0.89-2.75
0.58-2.12
1.27-3.84
0.89-2.79
0.53-1.93
0.87-3.03
0.45-1.66
3.09-42.52

1.00
0.65
2.46
1.41
2.08
1.63
2.84
3.70
3.94
3.12
2.00
1.80
1.80
2.02
3.08

0.43-0.99
1.57-3.87
0.81-2.43
1.27-3.40
0.91-2.89
2.06-3.91
2.37-5.77
2.52-6.18
2.08-4.69
1.29-3.09
1.19-2.71
1.22-2.66
1.34-3.03
1.62-5.84

1.00
0.82
1.01
0.54

0.57-1.17
0.68-1.52
0.37-0.78

1.00
0.62
0.55
0.42

0.46-0.85
0.40-0.75
0.31-0.57

1.00
11.15

7.01-17.72

1.00
3.17

2.72-3.71

Adjusted for age, income level, residential area, Charlson comorbidity index, surgery type. aOR, adjusted odds ratio; CI,
confidence interval; RP, radical prostatectomy; RARP, robot-assisted radical prostatectomy.

treatment among those PCa patients who were non-Seoul
residents (Fig. 2). Similarly to recent studies in Western countries, medical travel to Seoul for RP had a decreasing trend,
which is related with adoption of RARP in non-Seoul areas.
Although our study did not directly focus on centralization, it nevertheless concerns this issue because medical
travel itself is an indicator of centralization within the larger
context of country unit. Medical travel has been increasing
rapidly because, as many studies support, medical travel
yields favorable oncological and functional outcomes [4,16].

62

CANCER RESEARCH AND TREATMENT

Recently, Gershman et al. [4] suggested a threshold for
favorable peri- and post-operative outcomes as about a hundred surgeries per year. Moreover, this positive aspect was
not confined to surgical treatments only but also to radiation
treatments [30]. As observed for surgeries, higher volume
medical facilities providing RTx yielded more favorable clinical outcome.
However, the trend of volume related outcomes has
changed recently, which is mainly due to the emergence of
RARP and its rapid dissemination [8]. Currently, one-third
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of hospitals have robotic platform systems and more than
80% of cases of RP are performed by RARP [15]. Considering
the absence of randomized controlled trials between open RP
and RARP, the preference of RARP is not based on the
patients’ perspectives but rather on the surgeons’ perspectives. Moreover, the dissemination of RARP is largely due to
commercial factors. As a consequence, due to rapid dissemination of robotic platforms, recent studies have reported the
phenomenon of decentralization of RARP [4,6]. The availability of RARP in lower volume medical facilities is increasing rapidly, which mainly accounts for this decentralization
phenomenon. Similarly, our study showed a decreasing
trend of RP in medical facilities in Seoul among non-Seoul
residents. Moreover, the odds ratio, which represents the
magnitude of impact as factor affecting medical travel choice,
for the RARP factor decreased in 2017 compared with 2007.
This study has several limitations. First, detailed information, especially about tumor staging, is impossible to obtain
due to database characteristics. Hence, localized PCa could
not be defined in this cohort. Second, to determine the major
reasons for medical travel from non-Seoul areas to Seoul,
multivariate logistic analyses to determine factors affecting
not only surgery but also other treatment types, including
active surveillance, radiation and androgen deprivation, are
needed. Due to the unique features in Korea, including its
insurance system and widespread access to medical facilities,
results of this study could not be generalized to the medical
circumstances of other countries regarding medical travel.
Third, although this study does not focus on centralization
at the level of hospital, it might be better to consider the
actual hospital volumes of academic hospitals in both Seoul
and non-Seoul areas. Finally, this study does not include cost
outcomes, including double costs for radiologic studies,
indirect cost including transportation fees and economic values of lost income due to absence from work by patients and
patients’ companions due to extended travel.
The proportion of non-Seoul resident patients who choose
medical travel for localized PCa could be even higher and
also show no significant change per year, but still represents
a high proportion of total treatments. Relatively young
patients with high income status are more likely to seek
active treatment in medical facilities located in Seoul. Future
health policies are needed to control this high medical travel
proportion among non-Seoul residents and to improve the

utilization rate of non-Seoul medical facilities.
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Purpose
The intermediate stage of hepatocellular carcinoma (HCC) (Barcelona Clinic Liver Cancer
[BCLC] B) comprises a highly heterogeneous population, and the treatment strategy is still
controversial. Because of the heterogeneity, a subclassification of intermediate-stage HCCs
was put forward by Bolondi according to the ‘beyond Milan and within up-to-7’ criteria and
Child-Pugh score. In this study, we aim to analyze the prognosis of BCLC-B stage HCC
patients who received hepatic resection according to the Bolondi’s subclassification.

Department of Hepatic Surgery,
First Aliated Hospital, Sun Yat-Sen
University, Guangzhou, China

Results
According to Bolondi’s subclassification, the BCLC-B patients were divided into four groups:
B1 (n=41, 18.7%), B2 (n=160, 73.1%), B3 (n=11, 5.0%), and B4 (n=7, 3.2%). Significant
difference was observed between B1 and other groups (B1 vs. B2, p=0.022; B1 vs. B3, p
< 0.001; B1 vs. B4, p < 0.001), but no difference for B2 vs. B4 (p=0.542) and B3 vs. B4
(p=0.542). In addition, no significant differences were observed between BCLC-A and BCLCB1 group for both RFS (p=0.087) and OS (p=0.643). In multivariate analysis, BCLC-B subclassification was not a risk factor for both OS (p=0.263) and RFS (p=0.892).

Materials and Methods
One thousand and one hundred three patients diagnosed with HCC and treated with hepatic
resection were enrolled in our hospital between 2006 and 2012. According to Bolondi’s subclassification, the BCLC-B patients were divided into four groups. Recurrence-free survival
(RFS) and overall survival (OS) were analyzed.
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Conclusion
In our study, HCC patients at B1 stage were benefited from hepatic resection and had similar
survival to BCLC-A stage patients. Our study provided rationality of hepatic resection for
selected BCLC-B stage HCC patients instead of routine transarterial chemoembolization.

Introduction
Hepatocellular carcinoma (HCC) is the fifth most prevalent
neoplasm and the third most frequent cause of cancer mortality in the world [1]. Despite improvements in diagnosis
and treatment of surgical techniques and perioperative care,
the prognosis of HCC remains far from satisfactory [2].
The Barcelona Clinic Liver Cancer (BCLC) system is
widely used for prognosis prediction and treatment strategy
│ https://www.e-crt.org │

Key words
Hepatocellular carcinoma, Hepatectomy,
Barcelona Clinic Liver Cancer, Bolondi’s subclassification

selection [3,4]. According to the criteria, hepatic resection and
liver transplantation are recommended for early stage
tumors (stage 0 and stage A), while patients on intermediate-stage are only suitable for palliative treatment, like
transarterial chemoembolization (TACE). However, the
intermediate stage of HCC (BCLC stage B) comprises a
highly heterogeneous population, and the treatment strategy
is still controversial [5].
According to the BCLC staging system, the hepatic resection should not be recommended to the patients with BCLCCopyright ⓒ 2019 by the Korean Cancer Association

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

65

Cancer Res Treat. 2019;51(1):65-72

B patients, while retrospective studies have demonstrated
that hepatic resection is superior to palliative treatments
(TACE) for BCLC-B patients [6,7]. A research group in Italy
analyzed the treatment selection and prognosis of 405 HCC
cases in the BCLC stage B by the Italian Liver Cancer group
[8]. Only 40% of HCC cases in the BCLC stage B underwent
TACE. However, TACE couldn’t obviously prolong overall
survival (OS) than hepatic resection (median survival, 27
months vs. 37 months). Similarly, Vitale et al. [9] conducted
a retrospective study involving 2090 HCC cases in the different BCLC stage patients who were enrolled between 2000
and 2012 by the Italian Liver Cancer group. They revealed
that BCLC-B patients may benefit most from hepatic resection than non-surgical treatments. The focus of disputes is
the heterogeneity of BCLC-B patients over tumor load, age,
liver function, and possible comorbidities.
Because of the heterogeneity, a subclassification of intermediate-stage HCCs was put forward by Bolondi et al. [10]
in 2012 according to the ‘beyond Milan and within up-to-7’
criteria, Child-Pugh score, patient’s performance status
(tumor-related) and portal vein thrombosis. The novel concept divided the BCLC-B patients into four subgroups (Table
1). Different from the recommendation of classical BCLC
staging system, this system recommends liver transplantation or hepatic resection as the first treatment option for B1
patients. It recommends sorafenib or TACE for B2-B4
patients, which is consistent with the classical BCLC staging
system. However, the usefulness of the subclassification of
BCLC-B is also controversial. Weinmann et al. [11] analyzed
254 BCLC-B patients receiving TACE. The median OS for
stage B1-B4 were 28.5, 22.8, 12.3, and 5.9 months, but the logrank test showed no significant survival differences in subclassification. On the contrary, another study conducted by
Giannini et al. [12] assessed the prognosis of 269 untreated
HCC patients observed in the period 1987-2012. They found
the median survival progressively decreased from stage B1
(25 months) through stages B2 (16 months) and B3 (9 months),
to stage B4 (5 months, p < 0.001) and a significantly different
survival between contiguous stages. Furthermore, a recent
study reported a modified Bolondi's subclassification system
(Kinki criteria) [13] combining B2 and B3 group, but no more
studies verified the effectiveness of Kinki criteria.

In this study, we aim to analyze the prognosis of BCLC-B
stage HCC patients who received hepatic resection according
to the Bolondi’s subclassification and explore the rationality
of hepatic resection for BCLC-B HCC patients.

Materials and Methods
1. Study population
Patients diagnosed with HCC and received hepatectomy
were enrolled in our hospital between 2006 and 2012. The
final diagnosis of HCC was confirmed by pathological examination of the specimen. All patients were > 18 years of age,
with complete clinical and laboratory data. We collected the
clinicopathological variables including sex, age, hepatitis B
surface antigen (HBsAg), -fetoprotein (AFP), capsulation,
lymphatic metastasis, tumor size. As for platelet count, we
used the standard of 150/mm3 as the cutoff value [14,15]. The
following criteria were considered to help diagnose HCC : a
history of chronic hepatitis, the imaging tests (computed
tomography [CT] or magnetic resonance imaging scan of the
abdomen) and the level of AFP. The exclusion criteria were
as follows: (1) patients with mixed HCC and cholangiocarcinoma; (2) patients with no follow-up data; and (3) patients
receiving TACE or Sorafenib before or after operation.
2. Subclassification of BCLC-B stage
Patients were divided into three groups: BCLC-A, BCLCB, and BCLC-C according to the American Association for
the Study of the Liver Guidelines (AASLD) [16]. And patients with Child-Pugh A and B liver function, multifocal HCC
(two to three tumors > 3 cm in maximal diameter or more
than three tumors regardless of size) and lacking of vascular
invasion comprise the intermediate-stage disease (BCLC-B)
[10]. Furthermore, a novel classification system proposed by
Bolondi divided the BCLC-B patients into four subgroups
from B1 to B4 (Table 1).
In terms of the modified Bolondi's subclassification system,

Table 1. Proposed subclassification of BCLC-B patients published
Subclassification
Child-Pugh points
Beyond Milan and within Up-to-Seven criteria
ECOG (tumour-related) PST
Portal vein thrombosis

B1

B2

B3

B4

5-6-7
In
0
No

5-6
Out
0
No

7
Out
0
No

8-9
Out
0-1
No

BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group; PST, performance status test.
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the subclasses B1, B2, and B3 refer to Child-Pugh scores of
5-7 points and ‘in’ in terms of the ‘up-to-7’ criteria; subclass
B2 refers to Child-Pugh scores of 5-7 points with ‘out’ of the
‘up-to-7’ criteria, and subclass B3 refers to Child-Pugh scores
of 8-9 points with either ‘in’ or ‘out’ of the ‘up-to-7’ criteria,
respectively.
3. Surgical procedures
Hepatic resection, including subsegmentectomy, segmentectomy, bisegmentectomy, trisegmentectomy, right trisectionectomy, right hepatectomy, and left hepatectomy, was
performed as proposed by the Committee of the International Hepato-Pancreato-Biliary Association of Brisbane 2000
system [17]. Tumor thrombectomy or combined diaphragmatic resection was performed when necessary.
4. Follow-up
Patients were regularly followed up at outpatient clinics.

Patients received a physical examination, liver ultrasound,
chest X-ray, and serum AFP test at each follow-up. Abdominal CT scan was performed every 6-12 months or when
recurrence was suspected. Recurrence was defined as the
emergence of clinical, radiological, and/or pathologic diagnosis of the tumor from a previous origin locally or distantly.
Once recurrence was confirmed, salvage treatments, including further surgery, percutaneous ablation, or transcatheter
arterial chemoembolization, were selected as needed.
5. Statistical analysis
Recurrence-free survival (RFS) was calculated from the
date of surgery to the date of recurrence, and OS from the
date of surgery to the date of HCC-associated death. Survival
curves among groups were calculated by the Kaplan-Meier
method. Univariate analysis of prognostic variables was performed by log-rank test and multivariate analysis by Cox
proportional-hazards model. A p-values of < 0.05 was considered to be statistically significant. All statistical analyses

Table 2. Main clinical characteristics of patients

Variable
Sex
Male
Female
Age (yr)
< 50
 50
PLT (109/L)
< 150
 150
HBsAg
Negative
Positive
AFP (ng/mL)
< 400
 400
Capsulation
Capsulated
Noncapsulated
Lymphatic metastasis
Absent
Present
Tumor size (cm)
<5
5

BCLC-B (n=219)

All

BCLC-A

(n=1,103)

(n=530)

BCLC-B1
(n=41)

BCLC-B2
(n=160)

BCLC-B3
(n=11)

BCLC-B4
(n=7)

BCLC-C

970
133

444
86

39
2

148
12

11
0

5
2

323
31

521
582

251
279

17
24

75
85

2
9

2
5

174
180

299
804

149
381

15
26

33
127

1
10

2
5

99
255

157
946

89
441

3
38

19
141

1
10

1
6

44
310

543
560

293
237

23
18

77
83

4
7

3
4

143
211

812
291

421
109

36
5

131
29

9
2

7
0

208
146

1,030
73

524
6

39
2

150
10

9
2

7
0

301
53

385
718

249
281

41
0

19
141

1
10

4
3

71
283

(n=354)

BCLC, Barcelona Clinic Liver Cancer; PLT, platelet; HBsAg, hepatitis B surface antigen; AFP, -fetoprotein.
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Fig. 1. (A) Overall survival according to the Barcelona Clinic Liver Cancer (BCLC) staging system. (B) Recurrence-free survival according to the BCLC staging system. (C) Overall survival of BCLC-A and BCLC-B1. (D) Recurrence-free survival of
BCLC-A and BCLC-B1.

were performed using package of rms in R ver. 2.14.1
(http://www.r-project.org/).

Results

6. Ethical statement

1. Patients

Informed consent was obtained, and procedures were carried out with prior approval of the Ethics Committee of the
First Affiliated Hospital of Sun Yat-sen University (Guangzhou, China).

A total of 1,103 patients were eligible for the study. The
median age at diagnosis was 50 years (range, 21 to 79 years),
and there were 970 men and 133 women. HBsAg was positive in 946 patients (85.7%). Increased AFP ( 400 ng/mL)
was found in 560 cases (50.8%), and 299 patients (27.1%) had
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Fig. 2. (A) Overall survival according to the Bolondi’s classification. (B) Recurrence-free survival according to the Bolondi’s
classification. (C) Overall survival according to the modified Bolondi’s classification (Kinki criteria). (D) Recurrence-free survival according to the modified Bolondi’s classification (Kinki criteria).

a low platelet count (< 150109/L). And 718 patients (65.1%)
had tumors larger than 5 cm. As to lymphatic metastasis,
lymphatic metastasis was found in 73 patients (6.6%). Details
of features are shown in Table 2. The follow-up time ranged
from 4 to 131 months. Seventeen point six percent patients
were lost to follow-up.

2. Survival according to BCLC-stage
The median RFS and OS were 12 months and 30 months.
According to the BCLC stage, we classified the HCC patients
into three stages: BCLC-A (n=530, 48.1%), BCLC-B (n=219,
19.9%), and BCLC-C (n=354, 32.1%). The median survival
was 92 months in the BCLC-A, 30 months in BCLC-B, and 10
months in BCLC-C, respectively. Furthermore, the median
RFS was 36 months in the BCLC-A, 9 months in BCLC-B, and
4 months in BCLC-C, respectively. A significant difference
VOLUME 51 NUMBER 1 JANUARY 2019
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Table 3. Multivariable regression results for overall survival and recurrence-free survival
Characteristic
Sex
Age
PLT
HBsAg
AFP
Capsulation
Bolondi’s subclassification
Lymphatic metastasis
Tumor size

Overall survival
HR (95% CI)
0.56 (0.24-1.32)
0.95 (0.62-1.45)
0.77 (0.47-1.24)
1.02 (0.53-1.93)
1.37 (0.88-2.11)
1.51 (0.90-2.55)
1.31 (0.82-2.10)
2.01 (0.81-4.98)
2.74 (1.58-4.74)

p-value
0.184
0.799
0.288
0.960
0.160
0.120
0.263
0.131
< 0.001

Recurrence-free survival
HR (95% CI)

p-value

0.36 (0.15-0.82)
0.98 (0.68-1.42)
1.27 (0.82-1.97)
1.09 (0.63-1.89)
1.44 (0.99-2.08)
1.11 (0.70-1.77)
0.97 (0.65-1.46)
1.49 (0.70-3.20)
2.31 (1.42-3.74)

0.015
0.915
0.289
0.764
0.052
0.643
0.892
0.299
0.001

HR, hazard ratio; CI, confidence interval; PLT, platelet; HBsAg, hepatitis B surface antigen; AFP, -fetoprotein.

was observed between BCLC stage by log-rank test (p < 0.05)
(Fig. 1A and B).
3. Bolondi’s subclassification
According to Bolondi’s subclassification, the BCLC-B
patients were divided into four groups: B1 (n=41, 18.7%), B2
(n=160, 73.1%), B3 (n=11, 5.0%), and B4 (n=7, 3.2%). Most of
the patients (n=201, 91.8%) were B1 group or B2 group. The
median survival was 75 months, 28 months, 9.5 months, and
8 months for B1-B4 group. Results from the log-rank test
showed that obvious difference was observed between B1
group and other groups (B1 vs. B2, p=0.022; B1 vs. B3,
p < 0.001; B1 vs. B4, p < 0.001), but no difference for B2 vs.
B4 (p=0.542), B3 vs. B4 (p=0.542), and B2 vs. B3 (p=0.645)
(Fig. 2A).
In addition, the median RFS was 21 months, 8 months,
3 months and 4 months for B1-B4 groups. And results from
the log-rank test showed significant survival differences for
B1 vs. B2 (p=0.041) and B1 vs. B3 (p=0.024), but no difference
for the B2 vs. B3 (p=0.274) and B3 vs. B4 (p=0.483) (Fig. 2B).
In multivariate analysis, Bolondi’s subclassification had no
significant effect for RFS (p=0.892) and OS (p=0.263). Tumor
size was the only independent risk predictor of OS (hazard
ratio [HR], 2.74; 95% confidence interval [95% CI], 1.58 to
4.74; p < 0.001) for BCLC-B patients. In addition, tumor size
(HR, 2.31; 95% CI, 1.42 to 3.74; p=0.001) and sex (HR, 0.36;
95% CI, 0.15 to 0.82) were independent risk predictors
p=0.015) for RFS (Table 3).
4. Modified Bolondi’s subclassification system (Kinki criteria)
The median OS for modified subclassification is 58 months,
14 months and 9 months, and the median RFS is 29 months,

70

CANCER RESEARCH AND TREATMENT

5 months and 3 months. Although obvious difference was
observed between B1 and other groups for OS (B1 vs. B2,
p < 0.001; B1 vs. B3, p < 0.001) and RFS (B1 vs. B2, p=0.478;
B1 vs. B3, p < 0.001), there was still no obvious difference for
RFS (p=0.722) and OS (p=0.337) between B2 and B3 according to Kinki criteria (Fig. 2C and D).
5. BCLC-A stage vs. BCLC-B1 group
Subsequently, the 1-, 3-, and 5-year OS rate was 88, 71, and
68% for BCLC-A stage and 92%, 78%, and 66% for BCLC-B1
subclassification. Correspondingly, the 1-, 3-, and 5-year
recurrence rate was 70%, 56%, and 48% for BCLC-A stage
and 59%, 40%, and 32% for BCLC-B1 subclassification. The
log-rank test revealed that no significant differences were
observed between BCLC-A and BCLC-B1 group for both RFS
(p=0.087) and OS (p=0.643) (Fig. 1C and D).

Discussion
The BCLC staging system, endorsed by European Association for the Study of Liver (EASL) and AASLD, provides
prognostic score and guidance for therapeutic decisions for
HCC patients based on tumor staging criteria, liver function
and health status [18,19]. Intermediate stage HCC (BCLC-B)
patients are a very heterogeneous population in terms of
tumor size, tumor number and liver function [13]. On
account of the heterogeneity, increasing researchers have
begun to create a novel subclassification system to improve
the staging-treatment association. In 2012, Bolondi et al. [10]
proposed an innovative classification system. Thereafter,
many studies had been carried out to prove the effectiveness
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of Bolondi’s subclassification. A recent study designed by
Ciria et al. [20], involving 80 BCLC-B patients received TACE
and hepatic resection between 2007 and 2012, revealed that
overall survival was 40% with a median follow-up of 29.5
months (0.07-96.9) and 5-year survival rates were 62.9%,
28.1%, and 15.4%, respectively (p=0.004) for B1, B2, and
B3-4 stages.
In our study, we found the overall survival trends were
remarkable in B1 stages, but no difference for the test B2 vs.
B3 and B3 vs. B4. In addition, Bolondi’s subclassification had
no significant effect for RFS (p=0.892) and OS (p=0.263) in
multivariate analysis. This illustrates that Bolondi’s subclassification cannot totally distinguish the BCLC-B patients who
received hepatic resection, especially the subclass B2 to B4.
For this reason, a research from Kinki University School of
Medicine in Japan put forward a novel classification system
by modifying the Bolondi’s subclassification [13]. In this
modified Bolondi’s subclassification system (Kinki criteria),
the biggest change is putting B2 and B3 group together. Then
patients with intermediate-stage HCC are classified into
3 groups. Further analysis of validity of the Kinki criteria by
Arizumi et al. [21] with 425 HCC patients who underwent
TACE, and the result revealed that the median overall survival was 3.9 years in the BCLC subclass B1 group, 2.5 years
in the B2 group, and 1.1 years in the B3 group (p < 0.001),
and survival curves were stratified with significant differences. In our study, there was no obvious difference for RFS
(p=0.722) and OS (p=0.337) between B2 and B3 according to
Kinki criteria (Fig. 2C and D). Therefore, both of the two subclassifications may be not suitable to distinguish BCLCB2-B4 patients who received hepatic resection. And these
findings stress once again that BCLC stage B is a heterogeneous category.
Although TACE was considered as the main treatment for
those patients, it is not always the case in the clinical work
because of the heterogeneity. Several groups proposed that
therapeutic approach is different according to subclassification. As it is recently stated in a study from the Italian Liver
Cancer Group in which TACE for BCLC-B was analyzed on
405 patients, "TACE cannot be considered the best approach
for BCLC stage B patients who represent a heterogeneous
population and are often suitable for more aggressive therapies, which lead to a better survival” [8]. Similarly, Zhong et
al. [6] reported a wide single center experience with similar
results. In fact, with deepened understanding of liver cirrhotic and improved operative techniques, hepatic resection
may be a much more feasible and safe choice for some BCLCB patients. In our study, we found that the BCLC-B1 patients
with hepatic resection had a better prognosis than the B2-B4
patients and no significant difference in RFS and OS between
the BCLC-A and the subclass B1 group. Although many
studies believed the only TACE is indicated for intermedi-

ate-stage HCC [22,23], a recent randomized controlled trial
(RCT) conducted by Yin et al. [24], including 173 patients
with multinodular HCC, revealed that there were no significant differences in the 30-day and in the 90-day mortality
between the hepatic resection and TACE groups for BCLCB patients. However, the hepatic resection group had significantly better overall survive than the TACE group. In
addition, a meta-analysis including 50 retrieved papers
shows a statistically significantly higher overall survival in
hepatic resection group than in TACE group in HCC within
the BCLC stage B alone (HR, 0.48; 95% CI, 0.25 to 0.90) [25].
Furthermore, in the research of Ciria et al. [20], no significant
difference were found in the HCC patients with BCLC-B1
who underwent live resection with those who received
TACE treatment for 5-year survival rate (63.2% vs. 62.5%).
Therefore, in our opinion, Bolondi’s subclassification may be
used to the selection of part of BCLC-B patients who may
benefit from hepatic resection. On the other hand, as for
patients in the subclass B2-B4, TACE may be a more appropriate treatment, which could reduce the risk of liver failure.
Some limitations have been found in our study. Firstly, the
main limitation is the retrospective nature, which may result
in selection bias. We have been carrying on a prospective
multicenter RCT comparing hepatic resection versus TACE+
radiofrequency ablation for BCLC-B stage HCC patients
(RCT: NCT02616926). Secondly, owing to the severe liver
function injury and huge tumor burden, there are only six
and five patients who received hepatic resection for subclass
B3 and B4 and 18.6% patients were lost to follow up in BCLCB stage HCC patients, which may cause a statistical discrepancy. This is why the median survival of B4 group longer
than the B3 group in our study.
In our study, we stress once again that BCLC stage B is a
heterogeneous category and the overall survival trends were
remarkable in B1 stages according to Bolondi’s subclassification for HCC patients with hepatic resection. In addition no
significant difference in RFS and OS between the BCLC-A
and the B1 stages were found, suggesting that some BCLCB patients may benefit from hepatic resection. Therefore, our
study provided rationality of hepatic resection for selected
BCLC-B stage HCC patients instead of routine TACE.
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Paranasal Sinus Invasion in Nasopharyngeal Carcinoma after
Intensity-Modulated Radiotherapy

Purpose
The aim of this study is to evaluate the prognostic significance of paranasal sinus invasion
for nasopharyngeal carcinoma (NPC) and its suitable position in the T classification.
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Materials and Methods
The magnetic resonance imaging (MRI) scans of 695 patients with previously untreated,
biopsy-proven, non-metastatic NPC that was treated with intensity-modulated radiotherapy
(IMRT) were reviewed retrospectively.
Results
The incidence of paranasal sinus invasion was 39.4% (274 of 695 patients). Multivariate
analysis showed that paranasal sinus invasion was an independent negative prognostic
factor for local failure-free survival (LFFS) (p < 0.05). According to the eighth American Joint
Committee on Cancer (AJCC) staging system, 275 patients were classified as T3 classification. Of these, 78 patients (28.4%) developed paranasal sinus invasion (T3b) and 197
(71.6%) didn’t (T3a). The estimated 5-year LFFS and overall survival (OS) rates for the
patients with T3b and T3a classification were 88.6% versus 95.0% (p=0.047), and 84.5%
versus 93.3% (p=0.183), respectively. The estimated 5-year LFFS and OS rates for the
patients with T4 classification were 89.5% and 83.2%, which were similar with the outcomes
of patients with T3b classification.
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Conclusion
MRI-determined paranasal sinus invasion is an independent prognostic factor of NPC
treated by IMRT. Paranasal sinus invasion is recommended to classify as T4 classification
in the 8th AJCC staging system for NPC.

Introduction
In China, nasopharyngeal carcinoma (NPC) is endemic
and over 33,000 new patients were diagnosed in 2012, which
accounted for 40% of new diagnosed NPC worldwide [1].
According to the eighth edition of the American Joint Committee on Cancer (AJCC) staging system published in 2017,
T classification for NPC is based on the anatomical extent of
the primary tumor and which has been proposed on NPC
│ https://www.e-crt.org │

Key words
Nasopharyngeal carcinoma, Paranasal sinuses,
Intensity-modulated radiotherapy, Prognostic value,
American Joint Committee on Cancer staging system

treated by intensity-modulated radiotherapy (IMRT) [2,3]. In
the eighth edition of the AJCC staging system for NPC,
paranasal sinus involvement is classified as T3 disease [2].
However, the Chinese 2008 staging system which has been
proposed in the era of magnetic resonance imaging (MRI)
and modern radiation therapy technology classifies involvement of the paranasal sinuses as T4 disease [4].
T4 classification NPC patients with MRI-detected intracranial extension are more likely to experience local failure and
death after IMRT than patients without intracranial extenCopyright ⓒ 2019 by the Korean Cancer Association
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Table 1. Patient characteristics
Characteristic
Sex
Male
Female
Age (yr)
< 48
 48
Pathology classification
Keratinizing
Non-keratinizing
T classification
T1
T2
T3
T4
N classification
N0
N1
N2
N3
Overall stage
I
II
III
IVA

Whole group
(n=695)

Non-PSI group
(n=421)

PSI group
(n=274)

477 (68.6)
218 (31.4)

274 (65.1)
147 (34.9)

203 (74.1)
71 (25.9)

0.012

329 (47.3)
366 (52.7)

209 (49.6)
212 (50.4)

120 (43.8)
154 (56.2)

0.131

6 (0.9)
689 (99.1)

3 (0.7)
418 (99.3)

3 (1.1)
271 (98.9)

0.685

107 (15.4)
101 (14.5)
275 (39.6)
212 (30.5)

107 (25.4)
101 (24.0)
197 (46.8)
16 (3.8)

78 (28.5)
196 (71.5)

< 0.001

79 (11.4)
304 (43.7)
212 (30.5)
100 (14.4)

48 (11.4)
174 (41.3)
131 (31.1)
68 (16.2)

31 (11.3)
130 (47.4)
81 (29.6)
32 (11.7)

0.277

14 (2.0)
94 (13.5)
299 (43.0)
288 (41.4)

14 (3.3)
94 (22.3)
231 (54.9)
82 (19.5)

68 (24.8)
206 (75.2)

< 0.001

p-value

Values are presented as number (%). PSI, paranasal sinus invasion.

sion in our previous study [5]. With respect to the prognostic
value of paranasal sinus invasion, there are limited reports,
especially, for patients treated by IMRT [6-10]. Therefore, we
analyzed a large cohort of MRI-staged patients treated with
IMRT to evaluate the prognostic significance of paranasal
sinus invasion and its suitable position in the T classification.

complete history and physical examination, hematology, and
biochemistry profiles, MRI of the head and neck, computed
tomography (CT) scan of the chest and abdominal region,
bone scintigraphy, fiber-optic nasopharyngoscopy, and dental check. The clinical characteristics are listed in Table 1.
2. MR imaging

Materials and Methods
1. Patients and work-up
After obtaining approval from our institutional review
board, the medical records of consecutive 695 patients with
previously untreated, biopsy-proven, non-metastatic NPC
that was treated with IMRT between January 2007 and February 2012 in our center were retrospectively evaluated. All
patients were restaged according to the eighth edition of the
AJCC staging system. The pretreatment workup included a
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All patients underwent MRI on a 1.5- or 3.0-T system system (Magnetom Symphony/Verio, Siemens Healthcare,
Erlangen, Germany) with a head-and-neck combined coil.
The scan range covered from the suprasellar cistern to the
inferior margin of the sternoclavicular joint. The thickness/
slice gap was 5 mm/1 mm for axial plane and 5 mm/0.5 mm
for sagittal and coronal plane, respectively. Non-enhanced
series included: axial T1-weighted imaging (T1WI; fast spin
echo [FSE], repetition time [TR]/echo time [TE]=460
msec/8.3 msec), sagittal T1WI (FSE, TR/TE=500 msec/9.0
msec), axial T2-weighted imaging (T2WI; FSE with fat-suppressed, TR/TE=6,200 msec/92.9 msec). After injection of
gadopentetate dimeglumine with a dose of 0.2 mL/kg and
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rate of 2.0 mL/sec, contrast-enhanced scan was performed
by FSE with fat-suppressed (TR/TE=460 msec/7.8 msec for
sagittal and coronal plane, TR/TE=295 msec/2.9 msec for
axial plane). Two radiologists independently evaluated all
scans, and any disagreements were resolved by consensus.
In addition, there is a multidisciplinary team of NPC to confirm the extent of diseases and the treatment in our center.
Paranasal sinuses involvement was diagnosed using the
following criteria: (1) primary tumors invaded into the sinus
cavity with bone destruction of the wall of the sinus (Fig. 1)
and (2) the same signal intensity characteristics as the primary lesion (an equal or lower signal in the T1WI MRI scan,
an equal or higher signal in the T2WI and an obvious
enhancement in the enhanced scan) [9].
3. Treatment
All patients received definitive radiotherapy using IMRT
techniques. A detailed description of IMRT has been previously reported [11]. Briefly, the dose prescribed was 69-70.4
Gy, 63-67.2 Gy, 60-60.8 Gy, and 54-54.4 Gy in 30-32 fractions
delivered over 6 weeks at the periphery of the planning target volume (PTV) of primary tumor, PTV of metastatic
lymph nodes, PTV of high-risk clinical target volume, and
PTV of low-risk clinical target volume, respectively, using
the simultaneous integrated boost technique. Most patients
(n=673, 96.8%) underwent platinum-based neoadjuvant, concurrent, or adjuvant chemotherapy.
4. Follow-up and statistical analysis
Follow-up was calculated from the day of radiation therapy completion to the date of the event or the last follow-up
visit. All patients were followed up after the completion of
radiotherapy: 1 month after the completion of radiotherapy,
every 3 months in the first 2 years, every 6 months from year
3 to year 5, and annually thereafter.
The SPSS ver. 17.0 (SPSS Inc., Chicago, IL), software was
used for statistical analysis. The local failure-free survival
(LFFS), regional failure-free survival (RFFS), distant metastasis-free survival (DMFS), and overall survival (OS) were
estimated by use of the Kaplan-Meier method. LFFS, RFFS,
DMFS, and OS were measured from day 1 of treatment to
the date of the event. Multivariate analysis was performed
by using the Cox proportional hazards model. All statistical
tests were two sided, and p < 0.05 was considered to be statistically significant.
5. Ethical statement
This study was approved by the Institutional Review
Board of Zhejiang Cancer Hospital with a waiver of informed

Fig. 1. Paranasal sinus invasion in one patient with
nasopharyngeal carcinoma. A coronal contrast-enhanced
T1-weighted magnetic resonance image in a 52-year-old
man show the sphenoid sinus invasion (arrow).

consent (IRB No. IRB-2018-27) and performed in accordance
with the principles of the Declaration of Helsinki.

Results
1. Incidence of paranasal sinus invasion
The incidence of paranasal sinus invasion was 39.4% (274
of 695 patients), with invasion of the ethmoid sinus, maxillary sinus and sphenoid sinus in 21 (3.0%), 33 (4.7%), and 272
(39.1%) patients, respectively. None of patients had frontal
sinus involvement. Of the 272 patients with sphenoid sinus
invasion, 230 (84.6%) did not have maxillary sinus or ethmoid sinus invasion. In contrast, of the 21 patients with ethmoid sinus invasion and 33 patients with maxillary sinus
invasion, 20 (95.2%) and 32 (96.7%) also had sphenoid sinus
invasion, respectively.
2. Prognosis of patients with paranasal sinus invasion
The median follow-up period was 63 months (range, 2 to
119 months). The estimated 5-year LFFS, RFFS, DMFS, and
OS rates for the whole group were 92.0%, 93.5%, 87.5%, and
89.1%, respectively. The estimated 5-year LFFS, RFFS, DMFS,
and OS rates for the patients without and with paranasal
VOLUME 51 NUMBER 1 JANUARY 2019
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Fig. 2. Kaplan-Meier curve showing local failure-free survival (LFFS) (A), regional failure-free survival (RFFS) (B), distant
metastasis-free survival (DMFS) (C), and overall survival (OS) rates (D) for the patients without and with paranasal sinus
invasion (PSI) in the study.

sinus invasion were 93.9% versus 89.0% (p=0.012), 93.2% versus 94.0% (p=0.764), 89.3% versus 84.7% (p=0.056), and 92.2%
versus 83.7% (p=0.011), respectively (Fig. 2).
The value of various potential prognostic factors including
age ( 48 years and < 48 years), sex, prevertebral muscles
extension, medial pterygoid muscle extension, lateral pterygoid muscle extension, parapharyngeal space extension,
skull base erosion, paranasal sinus invasion, involvement
beyond the lateral surface of lateral pterygoid muscle, cranial
nerve palsy, intracranial extension, N classification and con-
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current chemotherapy on predicting LFFS, RFFS, DMFS, and
OS were evaluated. By multivariate analysis, paranasal sinus
invasion was an independent negative prognostic factor for
LFFS (Table 2).
3. T classification of paranasal sinus invasion
According to the eighth AJCC staging system, 275 patients
were classified as T3 classification. Of these, 78 patients
(28.4%) developed paranasal sinus invasion (T3b) and 197
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Table 2. Multivariate analysis of variables correlated with various clinical endpoints
Endpoint

Item

LFFS
RFFS
DMFS

Paranasal sinus invasion
N classification
N classification
Cranial nerve palsy
Age ( 48 yr vs. < 48 yr)
Intracranial extension

OS

HR

95% CI

p-value

1.945
1.536
1.681
2.074
2.147
1.942

1.104-3.426
1.116-2.115
1.311-2.156
1.121-3.837
1.291-3.572
1.040-3.628

0.021
0.008
< 0.001
0.020
0.003
0.037

p-values were calculated by using the Cox proportional hazards model. HR, hazard ratio; CI, confidence interval; LFFS, local
failure-free survival; RFFS, regional failure-free survival; DMFS, distant metastasis-free survival; OS, overall survival.
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Fig. 3. Probability of local failure-free survival (LFFS) (A) and overall survival (OS) rates (B) for patients with T3 classification
and T4 classification according to the eighth American Joint Committee on Cancer (AJCC) staging system. T3b, T3 patients
with paranasal sinus invasion; T3a, T3 patients without paranasal sinus invasion.

(71.6%) didn’t (T3a). The estimated 5-year LFFS and OS rates
for the patients with T3b and T3a classification were 88.6%
versus 95.0% (p=0.047), and 84.5% versus 93.3% (p=0.183),
respectively. The estimated 5-year LFFS and OS rates for the
patients with T4 classification were 89.5% and 83.2%, which
were similar with the outcomes of patients with T3b classification (Fig. 3).
Of the 274 patients with paranasal sinus invasion, most of
patients with maxillary sinus or ethmoid sinus invasion
simultaneously accompanied with sphenoid sinus invasion.
Patients with paranasal sinus invasion were classified as
patients with invasion of the sphenoid sinus alone, without
invasion of the maxillary sinus or ethmoid sinus (group A,
n=230), and patients with invasion of the maxillary sinus
and/or ethmoid sinus (group B, n=44). The T and N classifi-

cation distribution according to paranasal sinus invasion is
shown in Table 3. No significant differences were observed
in LFFS, RFFS, DMFS, and OS between the groups A and B
(5-year LFFS, 88.6% vs. 90.7%, p=0.778; 5-year RFFS, 93.3%
vs. 97.1%, p=0.393; 5-year DMFS, 85.0% vs. 83.0%, p=0.896;
5-year OS, 82.1% vs. 91.5%, p=0.130).

Discussion
In this study, we observed a high incidence of paranasal
sinus invasion in NPC and that paranasal sinus invasion is
an independent prognostic factor of LFFS in NPC after IMRT.
VOLUME 51 NUMBER 1 JANUARY 2019
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Table 3. Distribution of T and N classifications with paranasal sinus invasion
Group B (n=44)
T3
N0
N1
N2
N3

0(
0(
2 (66.7)
1 (33.3)

Group A (n=230)

T4

Total

T3

T4

Total

4 (9.8)
18 (43.9)
12 (29.3)
7 (17.1)

4 (9.1)
18 (40.9)
14 (31.8)
8 (18.2)

11 (14.7)
32 (42.7)
23 (30.7)
9 (12.0)

16 (10.3)
80 (51.6)
44 (28.4)
15 (9.7)

27 (11.7)
112 (48.7)
67 (29.1)
24 (10.4)

Values are presented as number (%).

In patients with T3 classification, tumors with paranasal
sinus invasion had a higher risk of local failure than those
without paranasal sinus invasion. Paranasal sinus invasion
was recommended to classify as T4 classification in the
eighth AJCC staging system for NPC.
The result of the present study indicated that the incidence
of paranasal sinus invasion in NPC was 39.4%. The highest
rate of incidence was of sphenoid sinus invasion (39.1%), followed by maxillary sinus invasion (4.7%) and ethmoid sinus
invasion (3.0%). Compared to the respective rates of 15%27%, 4.9%-9%, and 4%-14% reported in previous studies
[6-10], the rate of sphenoid sinus invasion was higher in the
current study. The floor of the sphenoid sinus borders the
nasopharynx roof. No muscle or fascia to act as a barrier
against tumor invasion, tumors originating from the
nasopharynx tend to spread directly and superiorly into the
sphenoid sinus. This accounts for the high rate of incidence
of sphenoid sinus invasion. In the diagnosis of gross paranasal sinus invasion, there should be minimal discrepancy.
However, the diagnosis of subtle paranasal sinus invasion
may pose a considerable diagnostic challenge and a source
of variation between different radiologists or centers. Compared with CT, MRI has been used to assess the extent of
NPC more reliably and accurately [12-14]. All of the patients
in the present study were evaluated by MRI, which was recommended as the preferred modalities for staging [15]. Variations in the diagnosis of paranasal sinus invasion may
explain this inconsistency in the different studies.
In the Chinese 1992 staging system for NPC, patients with
paranasal sinus invasion were defined as T4, and this classification remains in the Chinese 2008 staging system. The
present study indicated that the estimated 5-year LFFS and
OS rates for the patients with T4 classification were similar
with the outcomes of patients with T3b classification. Paranasal sinus invasion was recommended to classify as T4 classification in the eighth AJCC staging system. In a study of
1,811 patients with NPC treated by IMRT, tumors with ethmoid or maxillary sinus invasion which were recommended
to classify as T4 classification had a higher risk of local failure
than those with sphenoid sinus invasion alone [10]. Only
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three patients with maxillary sinus and/or ethmoid sinus
invasion were classified as T3 classification (Table 3). For
NPC after IMRT, locoregional recurrence rates at 1, 2, 3, 4,
and 5 years accounted for 14.7%, 49.4%, 66.7%, 85.4%, and
94.7% of the total, respectively [16]. The 3-year local relapsefree survival rate was reported in the previous study [10]. It
is reasonable to report the 5-year survival outcomes for prognostic analysis. No significant differences were observed in
LFFS, RFFS, DMFS, and OS between the patients with invasion of the sphenoid sinus alone, without invasion of the
maxillary sinus or ethmoid sinus and patients with invasion
of the maxillary sinus and/or ethmoid sinus, which was
probably associated with the aid of MRI, IMRT, and the use
of chemotherapy [17-19].
There are several limitations in the current study, including the retrospective nature of the study design and the
inclusion of patients treated at a single center. In China, only
2% patients had keratinizing disease, which accounts for up
to 67% of NPC in western countries [20]. The effect of
paranasal sinus invasion on the prognosis and staging of
patients with NPC should be further confirmed by other
cohorts from different regions.
MRI-determined paranasal sinus invasion is an independent prognostic factor of NPC treated by IMRT. Paranasal
sinus invasion is recommended to classify as T4 classification
in the 8th AJCC staging system for NPC.
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Purpose
In the presence of interferon, proteasome subunits are replaced by their inducible counterparts to form an immunoproteasome (IP) plays a key role in generation of antigenic peptides
presented by MHC class I molecules, leading to elicitation of a T cellmediated immune
response. Although the roles of IP in other cancers, and inflammatory diseases have been
extensively studied, its significance in breast cancer is unclear.
Materials and Methods
We investigated the expression of LMP7, an IP subunit, and its relationship with immune
system components in two breast cancer cohorts.
Results
In 668 consecutive breast cancer cohort, 40% of tumors showed high level of LMP7
expression, and tumors with high expression of LMP7 had more tumor-infiltrating lymphocytes (TILs) in each subtype of breast cancer. In another cohort of 681 triple-negative breast
cancer patients cohort, the expression of LMP7 in tumor cells was significantly correlated
with the amount of TILs and the expression of interferon-associated molecules (MxA
[p < 0.001] and PKR [p < 0.001]), endoplasmic reticulum stress-associated molecules
(PERK [p=0.012], p-eIF2a [p=0.001], and XBP1 [p < 0.001]), and damage-associated
molecular patterns (HMGN1 [p < 0.001] and HMGB1 [p < 0.001]). Patients with higher
LMP7 expression had better disease-free survival outcomes than those with no or low
expression in the positive lymph node metastasis group (p=0.041).
Conclusion
Close association between the TIL levels and LMP7 expression in breast cancer indicates
that better antigen presentation through greater LMP7 expression might be associated with
more TILs.

Introduction
Triple-negative breast cancers (TNBCs) have a poor prognosis and low survival rate than other subtypes. Until now,
no standard targeted treatment for TNBCs is available. Currently, much attention is focused on immunotherapy-related
treatments [1]. The effects of conventional breast cancer treatments are partly due to interactions with the immune sys-
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tem. Therefore, improved insight into the connection between the immune system and breast cancer may improve
treatments and outcomes.
Proteasomes are multisubunit complexes that degrade
intracellular proteins through the ubiquitin–proteasome
pathway [2,3]. In the presence of interferon, the three catalytic  subunits 1, 2, and 5 in the proteasome complex
are replaced by proteasome subunit LMP2 (PSMB9)/1i,
LMP10 (PSMB10)/2i, and LMP7 (PSMB8)/5i, respectively,
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to form the immunoproteasome (IP). Subunits 5 and LMP7
perform chymotrypsin-like activity, subunits 1 and LMP2
perform caspase-like activity, and subunits 2 and LMP10
perform trypsin-like activity. However, the substrate-binding pockets of IPs differ from those of proteasome. IPs display an altered cleavage patterns, generating peptides
suitable for binding onto a major histocompatibility complex
(MHC) class I, facilitating CD8+ T-cell responses [4]. Thus,
IPs play a key role for T cell–mediated immunity by contributing antigen epitopes presentation in tumors. Lack of
expression or downregulation of an IP may contribute to
immune evasion through antigen loss.
We previously demonstrated that elevated endoplasmic
reticulum stress in TNBCs triggers release of damage-associated molecular patterns such as HMGB1 and HMGN1,
which is known to be associated with attraction of tumorinfiltrating lymphocytes (TILs) to tumor microenvironment
[5-9]. Then TILs can release interferon, which can elevate
expression of MHC classes on tumor cells. However, the
impact of IP expression on antigen presentation in breast cancer is not well established. In this present study, we evaluated the expression of LMP7 in a consecutive breast cancer
and another TNBC tissue series. The higher the LMP7 level
was, the higher the TILs were in each subtype of breast cancer. Also in TNBC cohort, higher levels of LMP7 were correlated with higher histologic grades and greater TILs. We also
found that LMP7 was a better prognostic factor for diseasefree survival in the group of positive lymph node metastases
of the TNBC cohort.

We evaluated 681 TNBC patients with surgically resected
tissues obtained from surgeries conducted between 2004 and
2010 at Asan Medical Center, and 16 were excluded due to a
lack of a tissue sample for tissue microarray analyses. Thus,
665 breast cancer patients were available for immunohistochemistry for LMP7. In this group, 476 patients did not present with lymph node metastasis, and they received four
cycles of adjuvant adriamycin (60 mg/m2) plus cyclophosphamide (600 mg/m2) (AC). The remaining 205 patients presented with lymph node metastases and were treated with
four cycles of AC followed by either four cycles of docetaxel
(75 mg/m2) or paclitaxel (175 mg/m2). In total, 537 patients
(80.8%) received radiotherapy. The median follow-up period
was 78.3 months. Clinical information was obtained from
medical records and pathology reports from the surgery.
2. Histological evaluation
The hematoxylin and eosin-stained slides were reviewed
by two pathologists (H.J.L. and G.G.). The histologic type of
breast cancer was assessed based on the 2012 World Health
Organization classification, and the histologic grade of breast
cancer was evaluated according to the modified BloomRichardson grading system. The slides were evaluated for
the levels of stromal TILs using full sections in 10% increments (if less than 10%, 1%, or 5% level criteria were used)
as well as the histologic subtype and grade, pT stage, and pN
stage.
3. Tissue microarray and immunohistochemical analysis

Materials and Methods
1. Patients and tissue specimens
Two sets of breast cancer samples were used in the current
analyses. The first series included 668 consecutive breast cancer patients who underwent surgery for primary breast cancer in 1998 at Asan Medical Center, Seoul, Korea and for
whom formalin-fixed, paraffin-embedded tissue samples
were available. Six cycles of an adjuvant cyclophosphamide
(500 mg/m2), methotrexate (40 mg/m2), and 5-fluorouracil
(500 mg/m2) or cyclophosphamide (500 mg/m2), adriamycin
(50 mg/m2), and 5-fluorouracil (500 mg/m2) were administered in 439 of the 668 patients in the consecutive breast cancer cohort. Twelve patients underwent adjuvant chemotherapy with unknown regimens. Radiotherapy and hormone
therapy was performed in 178 (26.6%) and 439 (65.7%)
patients, respectively. The median follow-up duration was
13.3 years.

Formalin-fixed, paraffin-embedded tissue samples were
arrayed with a tissue-arraying instrument as previously
described [10]. Tissue microarray sections were stained with
an automatic immunohistochemical staining device (Benchmark XT, Ventana Medical Systems, Tucson, AZ). Antibodies
for LMP7 (1:2,000, ab95926, Santa Cruz Biotechnology, Santa
Cruz, CA), human leukocyte antigen (HLA)-ABC (1:1,600,
ab70328, EMR8–5, Abcam, Cambridge, UK), estrogen receptor (ER; 1:200, Leica Biosystems, Newcastle upon Tyne, UK),
progesterone receptor (PR; 1:200, Leica Biosystems), human
epidermal growth factor receptor 2 (HER2; 1:8, Ventana
Medical Systems), MxA (1:1,000, ab95926, Abcam), PERK
(1:200, Cell Signaling Technology, Danvers, MA), p-eIF2
(1:200, ab32157, Abcam), XBP1 (1:75, ab37152, Abcam), PKR
(1:400, ab32052, Abcam), HMGB1 (1:200, ab18256, Abcam),
and HMGN1 (1:1,000, ab5212, Abcam) were used. ER and PR
levels were considered positive if at least 1% positive tumor
nuclei staining is identified [11]. Hormone receptor-positive
(HR+) tumors were classified if those were positive on ER
and/or PR staining. HER2-overexpressing tumors were classified if those were 3+ scores by immunohistochemistry or
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High

p-value

5 (33.3) 3 (18.8) 0.487
8 (53.3) 11 (68.8)
1 (6.7)
2 (12.5)
1 (6.7)
0(

6 (54.5) 5 (33.3) 3 (18.8) 0.171
5 (45.5) 10 (66.7) 13 (81.3)

0.008

0.543

0.343

64 (55.7) 54 (38.6)
51 (44.3) 86 (61.4)

65 (73.0) 78 (66.7)
24 (27.0) 39 (33.3)

97 (83.6) 113 (80.1)
19 (16.4) 28 (37.9)

8 (50.0) 0.100
8 (50.0)

6 (50.0) 10 (66.7) 0.681
6 (50.0) 5 (33.3)

8 (53.3)
7 (46.7)

9 (81.8) 10 (66.7) 13 (81.3) 0.654
2 (18.2) 5 (33.3) 3 (18.8)

5 (62.5)
3 (37.5)

9 (90.0)
1 (10.0)

1 (6.3) 0.007
8 (50.0)
7 (43.8)

92 (78.0) 73 (51.8) < 0.001
26 (22.0) 68 (48.2)

7 (46.7)
5 (33.3)
3 (20.0)

8 (72.7)
2 (18.2)
1 (9.1)

81 (69.2) 36 (25.5) < 0.001
22 (18.8) 43 (30.5)
14 (12.0) 62 (44.0)

8 (53.3) 10 (62.5) 0.041
7 (46.7) 2 (12.5)
0(
4 (25.0)
0(
0(

6 (54.5) 4 (26.7) 4 (25.0) 0.246
5 (45.5) 11 (73.3) 12 (75.0)

5 (45.5)
4 (36.4)
2 (18.2)
0(

9 (81.8)
2 (18.2)
0(
0(

0.355

49 (42.2) 68 (49.6)
67 (57.8) 69 (50.4)

Low

6 (54.5) 11 (73.3) 10 (62.5) 0.608
5 (45.5) 4 (26.7) 6 (37.5)

None

96 (81.4) 91 (64.5) < 0.001
14 (11.9) 30 (21.3)
7 (5.9)
9 (6.4)
1 (0.8) 11 (7.8)

0.495

42 (35.6) 58 (41.1)
64 (54.2) 72 (51.1)
10 (8.5) 11 (7.8)
2 (1.7)
0(

p-value
0.156

High

94 (79.7) 108 (76.6)
24 (20.3) 33 (23.4)

Low

HR+/HER2+ (n=42)
Cytoplasmic LMP7
Low

18 (78.3) 16 (64.0)
5 (21.7) 9 (36.0)

12 (63.2) 11 (52.4)
7 (36.8) 10 (47.6)

10 (43.5) 9 (34.6)
13 (56.5) 17 (65.4)

22 (95.7) 18 (69.2)
1 (4.3)
8 (30.8)

18 (78.3) 15 (57.7)
3 (13.0) 8 (30.8)
2 (8.7)
3 (11.5)

13 (56.5) 11 (42.3)
6 (26.1) 12 (46.2)
2 (8.7)
3 (11.5)
2 (8.7)
0(

10 (43.5) 10 (38.5)
13 (56.5) 16 (61.5)

6 (26.1) 5 (19.2)
11 (47.8) 17 (65.4)
6 (26.1) 4 (15.4)
0(
0(

12 (52.2) 13 (50.0)
11 (47.8) 13 (50.0)

None

0.003

0.959

0.375

0.254

p-value

0.400

0.772

20 (64.5) 0.464
11 (35. 5)

18 (72.0)
7 (28.0)

12 (38.7)
19 (61.3)

14 (45.2) < 0.001
17 (54.8)

5 (16.1) < 0.001
6 (19.4)
20 (64.5)

7 (22.6)
7 (22.6)
7 (22.6)
10 (32.3)

13 (41.9)
18 (58.1)

7 (22.6)
21 (67.7)
2 (6.5)
1 (3.2)

10 (32.3)
21 (67.7)

High

HR–/HER2+ (n=80)
Cytoplasmic LMP7
Low

High

22 (37.3)
16 (27.1)
11 (18.6)
10 (16.9)

16 (19.8) < 0.001
16 (19.8)
18 (22.2)
31 (38.3)

0.522

0.084

0.088

p-value

38 (86.4) 38 (64.4) 50 (61.7)
6 (13.6) 21 (35.6) 31 (38.3)

17 (56.7) 31 (64.6) 31 (45.6)
13 (43.3) 17 (35.4) 37 (54.4)

23 (53.5) 28 (47.5) 28 (34.6)
20 (46.5) 31 (52.5) 53 (65.4)

0.010

0.130

0.092

34 (81.0) 37 (62.7) 32 (39.5) < 0.001
8 (19.0) 22 (37.3) 49 (60.5)

37 (86.0) 16 (27.1) 8 (9.9) < 0.001
2 (4.7) 17 (28.8) 7 (8.6)
4 (9.3) 26 (44.1) 66 (81.5)

22 (50.0)
15 (34.1)
5 (11.4)
2 (4.5)

18 (42.9) 30 (50.8) 42 (53.8)
24 (57.1) 29 (49.2) 36 (46.2)

13 (29.5) 13 (22.0) 23 (28.4)
20 (45.5) 37 (62.7) 50 (61.7)
5 (11.4) 8 (13.6) 6 (7.4)
6 (13.6) 1 (1.7)
2 (2.5)

18 (40.9) 16 (27.1) 18 (22.2)
26 (59.1) 43 (72.9) 63 (77.8)

None

TNBC (n=184)
Cytoplasmic LMP7

Values are presented as number (%). HR, hormone receptor, HER2, human epidermal growth factor receptor 2; TNBC, triple-negative breast cancer.

Histologic grade
1&2
89 (86.4)
3
14 (13.6)
pT
1
43 (41.7)
2
51 (49.5)
3
6 (5.8)
4
3 (2.9)
Lymph node metastasis
Negative
52 (51.0)
Positive
50 (49.0)
Tumor-infiltrating
lymphocyte (%)
< 10
88 (85.4)
10-30
12 (11.7)
30-60
3 (2.9)
> 60
0(
HLA-ABC
No
90 (91.8)
Weak
5 (5.1)
Strong
3 (3.1)
MxA
Low
89 (87.3)
High
13 (12.7)
p-eIF2a
Low
56 (55.4)
High
45 (44.6)
Cytoplasmic HMGB1
Low
57 (73.1)
High
21 (26.9)
Cytoplasmic HMGN1
Low
88 (87.1)
High
13 (12.9)

None

HR+/HER2– (n=362)
Cytoplasmic LMP7

Table 1. Comparison of pathological variables according to LMP7 expression in the first consecutive breast cancer cohort
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Results

positive gene amplification by silver in situ hybridization
[12]. The intensity of immunochemical staining was evaluated on a four-value intensity scale (0, 1, 2, and 3). The percentages of membranous and/or cytoplasmic expression
were also evaluated. The immunoreactive score was calculated as multiply the product of the intensity by the percentage of positive cells.
HLA-ABC expression in tumor cells were categorized as
one of three levels, as previously described (strongly positive,
expression in more than 75% of tumor cells; weakly positive,
expression between 25% and 75% of tumor cells; negative, loss
of expression in more than 75% of tumor cells) [13].

1. Clinicopathologic characteristics and correlation with
immune-related molecules according to LMP7 expression
in the consecutive breast cancer cohort
To determine the histopathologic characteristics of the
breast cancers according to LMP7 expression, we analyzed
668 consecutive breast tumor tissues of the first consecutive
breast cancer series consisting of 373 HR+/HER2–, 44 HR+/
HER2+, 81 HR–/HER2+, and 190 TNBC tumors (Table 1). A
loss of LMP7 expression in tumor cells was present in 181
cases, while 218 and 269 tumors showed low and high levels
of LMP7 expression, respectively (Fig. 1). LMP7 expression
level was similar in each breast cancer subtype (immunoreactive score: HR+/HER2–, 54.1±64.7; HR+/HER2+, 46.5±
57.9; HR–/HER2+, 50.1±63.5; TNBC, 62.0±67.5). Tumors with
high levels of LMP7 expression had more TILs (p  0.041) in
all subtypes. Since LMP7 expression was correlated with the
level of TILs, we further analyzed the association of LMP7
expression with other factors that were correlated with the
level of TILs in previous studies [5-9]. LMP7 expression in
tumor cells was significantly correlated with interferonassociated molecules HLA-ABC (p  0.007) and MxA (p <
0.001, except HR+/HER2+ subtype). Higher expression of
endoplasmic reticulum stress-associated molecule p-eIF2a
was significantly associated with high level of LMP7 in
HR+/HER2– subtype (p=0.008). Cytoplasmic expression of
damage associated molecular pattern HMGN1 was higher in
tumors with high LMP7 (p=0.01). However, the histologic
grade, pT stage, and lymph node metastases were not significantly associated with LMP7 expression. In survival analysis, LMP7 expression was not associated with disease-free
survival in all subtypes (HR+/HER2–: p=0.61; hazard ratio,
0.999; 95% confidence interval [CI], 0.996 to 1.002; HR+/
HER2+: p=0.143; hazard ratio, 1.006, 95% CI, 0.998 to 1.013;
HR–/HER2+: p=0.307; hazard ratio, 1.003; 95% CI, 0.998 to

4. The Cancer Genome Atlas data
The Cancer Genome Atlas (TCGA) data portal was used
to download breast cancer data [14]. A total of 84 cases of
basal-like breast cancer were analyzed. We downloaded
level-3 gene expression data derived from an Agilent custom
244K whole genome microarray and somatic mutation data
from an Illumina Genomic Analyzer (San Diego, CA). The
gene expression level was median-centered by gene.
5. Statistical analyses
All statistical analyses were carried out using SPSS ver. 18
(SPSS Inc., Chicago, IL) and R statistical software. The
Kruskal-Wallis test, chi-squared test, Spearman’s correlation,
log-rank test, Cox proportional hazards regression model,
and hierarchical clustering were used, as appropriate. All
tests were two-sided and were done at significance level of
=0.05.
6. Ethical statement
Exemption from informed consent after de-identification
of information was approved by the Institutional Review
Board of Asan Medical Center (2013-0866).

None

Low

High

Fig. 1. Immunohistochemical staining of LMP7 in breast cancer tissues. Representative images are shown (200).
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Table 2. Comparison of pathological variables and various immune-related markers according to LMP7 expression in the
second TNBC cohort
Cytoplasmic LMP7
Histologic grade
1&2
3
pT
1
2
3
4
LN metastasis
Negative
Positive
Tumor-infiltrating lymphocytes (%)
< 10
10-30
30-60
> 60
HLA-ABC
No
Weak
Strong
MxA
Low
High
PKR
Low
High
PERK
Low
High
p-eIF2a
Low
High
XBP1
Low
High
Cytoplasmic HMGB1
Low
High
Cytoplasmic HMGN1
Low
High

None

Low

High

p-value

45 (32.8)
92 (67.2)

64 (24.9)
285 (72.3)

50 (18.5)
221 (81.5)

0.001

62 (45.3)
69 (50.4)
6 (4.4)
0(

111 (43.9)
204 (51.8)
10 (3.9)
1 (0.3)

115 (42.4)
148 (54.6)
8 (33.3)
0(

0.454

91 (66.4)
46 (33.6)

174 (67.7)
83 (32.3)

195 (72.0)
76 (28.0)

0.116

68 (49.6)
36 (26.3)
16 (11.7)
17 (12.4)

64 (24.9)
71 (27.6)
61 (23.7)
61 (23.7)

29 (18.0)
44 (29.3)
70 (47.6)
128 (62.1)

< 0.001

77 (58.8)
35 (26.7)
19 (14.5)

49 (19.3)
72 (28.3)
133 (52.4)

15 (5.6)
22 (8.1)
233 (86.3)

< 0.001

116 (85.9)
19 (14.1)

171 (66.8)
85 (33.2)

123 (45.4)
148 (54.6)

< 0.001

92 (69.2)
41 (30.8)

142 (55.5)
114 (44.5)

104 (38.4)
167 (61.6)

< 0.001

87 (64.4)
48 (35.6)

132 (51.4)
125 (48.6)

138 (51.0)
133 (49.0)

0.012

82 (62.1)
50 (37.9)

135 (52.9)
120 (47.1)

116 (43.0)
154 (57.0)

0.001

86 (64.7)
47 (35.3)

158 (62.5)
95 (37.5)

121 (44.8)
149 (55.2)

< 0.001

79 (65.3)
42 (34.7)

162 (64.8)
88 (35.2)

125 (46.8)
142 (53.2)

< 0.001

106 (79.7)
27 (20.3)

198 (78.0)
56 (22.0)

188 (69.9)
81 (30.1)

0.010

Values are presented as number (%). TNBC, triple-negative breast cancer; LN, lymph node.
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Fig. 2. Heat map plot for LMP7 expression with interferon-associated molecules, endoplasmic reticulum stress-associated
molecules, damage-associated molecular patterns, and amount of tumor-infiltrating lymphocytes.

1.008; TNBC: p=0.158; hazard ratio, 0.996; 95% CI, 0.992 to
1.001).
2. Correlation of LMP7 expression with pathological
parameters and expression of immune-related molecules
in another TNBC cohort
Since TNBCs are aggressive and considered as appropriate
candidates for cancer immunotherapy among breast cancer
subtypes, we further analyzed LMP7 expression in another
cohort of 681 TNBCs, which had homogeneous standardized
adjuvant treatment. The expression of LMP7 was analyzable
in 665 cases: 20.6%, 38.6%, and 40.8% of TNBCs showed no,
low, and high cytoplasmic expression of LMP7, respectively
(Table 2). In TNBCs, high LMP7 expression levels were also
significantly correlated with a higher histologic grade
(p=0.001) and higher TIL level (p < 0.001). However, pT stage
(p=0.454) and lymph node metastasis (p=0.116) were not significantly associated with LMP7 expression. LMP7 expres-

sion in tumor cells was significantly correlated with interferon-associated molecules such as HLA-ABC (p < 0.001),
MxA (p < 0.001), and PKR (p < 0.001) and endoplasmic reticulum stress-associated molecules such as PERK (p=0.012),
p-eIF2a (p=0.001), and XBP1 (p < 0.001). Further, LMP
expression in tumor cells was significantly correlated with
the cytoplasmic expression of damage-associated molecular
patterns such as HMGN1 (p < 0.001) and HMGB1 (p < 0.001).
These results are likewise presented in the clustering analysis
(Fig. 2).
3. Prognostic significance of LMP7 expression in the TNBC
cohort
Since prognosis and adjuvant chemotherapeutic agents
differ according to lymph node metastasis, we analyzed the
prognostic significance of LMP7 expression in the TNBC
cohort separately in groups with the presence or absence of
lymph node metastasis. Patients with higher LMP7 expresVOLUME 51 NUMBER 1 JANUARY 2019
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Fig. 3. Relationship between LMP7 expression and disease-free survival in the triple-negative breast cancer cohort. KaplanMeier survival curves are shown for disease-free survival in the group of positive lymph node (LN) metastases and in the
group of negative LN metastases.

sion showed better disease-free survival outcomes than those
with no or little expression of LMP7 in the group of positive
lymph node metastases (p=0.041) (Fig. 3). However, by multivariate analyses, which included histologic grade, pT stage,
level of TIL, and LMP7 expression, only the TIL level (p=0.014)
(Table 3) was a significantly better prognostic factor in the
group. There were no differences among patients with different levels of LMP7 expression in the group without lymph
node metastasis (p=0.541).
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4. Correlation of IP and T-cell markers in basal-like of
TCGA data hierarchical clustering
Since we only analyzed LMP7, one of three IP subunits,
using immunohistochemistry, we further assessed the TCGA
data to assess any correlation of IP expression and T-cell
infiltration (Table 4). We also analyzed ordinary proteasome
expression. The gene expression of IP subunits (PSMB8,
PSMB9, and PSMB10) showed significant correlation with
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Table 3. Univariate and multivariate disease-free survival analyses in positive lymph node metastases group of TNBC cohort
Univariate analysis
Histologic grade (1&2 vs. 3)
pT (3&4 vs. 1&2)
Tumor-infiltrating lymphocytes (%)
< 10
10-30
30-60
> 60
Cytoplasmic LMP7 expression
None
Low
High

Multivariate analysis

Hazard ratio (95% CI)

p-value

Hazard ratio (95% CI)

p-value

0.914 (0.474-1.762)
2.129 (1.009-4.492)

0.788
0.047

1.364 (0.696-2.685)
1.788 (0.828-3.860)

0.364
0.139

1(
0.815 (0.427-1.557)
0.630 (0.310-1.278)
0.198 (0.082-0.477)

0.003
0.536
0.200
< 0.001

1(
0.874 (0.442-1.730)
0.635 (0.300-1.343)
0.231 (0.091-0.587)

0.014
0.699
0.235
0.002

1(
0.827 (0.444-1.542)
0.483 (0.239-0.978)

0.107
0.551
0.043

1(
0.940 (0.487-1.813)
0.752 (0.355-1.594)

0.726
0.853
0.457

TNBC, triple-negative breast cancer; CI, confidence interval.

Table 4. Correlations between the gene expression levels among the proteasome, IP, and T-cell markers
PSMB5
PSMB6
PSMB7
PSMB8 (LMP7)
PSMB9
PSMB10
CD3D
CD3E
CD3G

rho
p
rho
p
rho
p
rho
p
rho
p
rho
p
rho
p
rho
p
rho
p

PSMB6

PSMB7

PSMB8

0.021
0.853

0.064
0.566
0.048
0.662

–0.152
0.167
0.328
0.002
0.210
0.056

PSMB9
–0.194
0.077
0.350
0.001
0.199
0.070
0.911
< 0.001

PSMB10
–0.090
0.417
0.302
0.005
0.198
0.071
0.822
< 0.001
0.839
< 0.001

CD3D

CD3E

CD3G

CD8B

–0.236
0.031
0.281
0.010
0.158
0.150
0.695
< 0.001
0.782
< 0.001
0.829
< 0.001

–0.200
0.069
0.217
0.048
0.024
0.825
0.562
< 0.001
0.659
< 0.001
0.706
< 0.001
0.808
< 0.001

–0.253
0.020
0.209
0.056
0.095
0.390
0.641
< 0.001
0.738
< 0.001
0.800
< 0.001
0.940
< 0.001
0.781
< 0.001

–0.336
0.002
0.184
0.094
0.036
0.747
0.551
< 0.001
0.595
< 0.001
0.559
< 0.001
0.656
< 0.001
0.527
< 0.001
0.667
< 0.001

IP, immunoproteasome.

each other and with immune molecules (CD3D, CD3E,
CD3G, and CD8), whereas the gene expression of ordinary
proteasomes (PSMB5, PSMB6, and PSMB7) did not show significant association.

Discussion
Cancer cells have increased proteasome levels for rapid
cell proliferation. However, studies have shown that IP levels
vary depending on the type of cancers [4]. Interestingly,
whereas the upregulation of IP expression has been reported
in prostate cancer, multiple myeloma, and lung cancer, the

VOLUME 51 NUMBER 1 JANUARY 2019

87

Cancer Res Treat. 2019;51(1):80-89

downregulation of IP expression has been reported in cancers of the colon [15], kidney, skin, neck, head, and esophagus [16]. Among them, upregulation of IPs is often observed
in the cancer types in which the inflammatory process is
important in pathogenesis of cancer. On the other hand,
abnormal MHC class I expression and the loss of antigen processing are attributes of malignant cells in human and
murine models that are associated with the occurrence and
progression of melanoma, breast, and colorectal cancers [4].
T cellmediated immune tumor suppression is a complex
process with numerous requirements, among which is antigen processing by the IP and presentation through HLA class
I surface molecules expressed on tumor cells. The IP genes is
regulated by both cell-intrinsic and cell-extrinsic factors in
different types of cancer [17]. Rouette et al. [17] found that in
breast cancer, the upregulation of IP genes is a cancer cellextrinsic process correlated with the presence of interferon
–secreting TILs. The high expression of IP genes correlates
with improved survival in patients with breast cancer from
TCGA data [17]. We confirmed this finding in our current
study using a large number of TNBC patients who received
standardized adjuvant treatments. However, LMP7 expression was not a significant prognostic factor in multivariate
analysis including level of TIL. This result might be due to
close association of LMP7 expression with TILs which is a
strong independent prognostic factor in TNBCs.
We previously demonstrated associations between TILs,
endoplasmic reticulum stress-associated molecules (PERK,
p-eIF2, and XBP1), and the release of damage-associated
molecular patterns (HMGB1 and HMGN1), which are associated with the activation of interferon pathway [5-8,18,19].
In the present study, we observed a significant association
between TIL levels and the expression of the interferonassociated molecules MxA, PKR, HLA-ABC, and LMP7.
Therefore, we can speculate that elevated endoplasmic reticulum stress induces the release of damage-associated molecular patterns to the tumor microenvironment, which activates interferon signaling in tumor cells. The elevated interferon signaling in TNBC cells then induces higher activity in
the IPs, which might improve antigen presentation and result
in the recruitment of TILs to the tumor tissue. We showed
from our current analyses also that TNBCs with no LMP7
expression had poorer survival outcomes in those cases with
lymph node metastasis, which might be caused by lack of

effective antigen presentation in these tumors. However, in
the consecutive breast cancer cohort, while LMP7 expression
showed positive correlation with level of TILs and expression of HLA-ABC, LMP7 expression was not associated with
survival in all subtypes. These results might be caused by
different role of immune microenvironment in each subtype
of breast cancer or by various treatment modalities given in
the consecutive breast cancer cohort. Patients with this cohort
had surgery for breast cancer from 1993 to 1998 and received
various kinds of adjuvant treatments which were not standardized as treatment of secondary TNBC cohort.
Since proteasomes and IPs have differential preferences for
cleavage sites, tumors with a high expression of IPs might
have different repertoires of displayed antigens from those
with a low expression of IPs. Tumor antigens that are more
efficiently or poorly processed by IPs have been identified
previously [20]. For example, MAGE-A3, which is a cancertestis antigen, is better processed by cells carrying IPs, while
melanoma differentiation antigens such as Melan-AMART1 and
gp100Pmel17 are known to be poorly processed by those cells.
Although there has been no study to date that has explored
which tumor antigens are more efficiently processed by IPs
in breast cancer, there might be some epitopes that are better
processed by IPs that are recognized by cytotoxic T lymphocytes better in breast cancers with high expression of IPs. If
we could find such peptides that are recognized by the cytotoxic T lymphocyte, we could incorporate these into the
design of immunotherapies such as vaccination and the
adoptive transfer of T lymphocytes reactive to the epitopes.
The limitations of this study included its retrospective
design and the evaluation of LMP7 alone among IP subunits.
Further studies should examine other IP subunits and their
relationships, and identify tumor epitopes that are better
processed by IPs.
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Efficacy of Olanzapine for the Prevention of Chemotherapy-Induced Nausea
and Vomiting in Patients Receiving Moderately Emetogenic Chemotherapy:
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Purpose
Data on the efficacy of olanzapine in patients receiving moderately emetogenic chemotherapy (MEC) are limited. This study aimed to evaluate and compare the efficacy of olanzapine
versus placebo in controlling nausea and vomiting in patients receiving MEC.
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Materials and Methods
We conducted a randomized, double-blind, placebo-controlled study to determine whether
olanzapine can reduce the frequency of chemotherapy-induced nausea and vomiting (CINV)
and improve the quality of life (QOL) in patients receiving palonosetron and dexamethasone
as prophylaxis for MEC-induced nausea and vomiting. The primary end point was complete
response for the acute phase (0-24 hours after chemotherapy). The secondary end points
were complete response for the delayed (24-120 hours) and overall phase (0-120 hours),
proportion of significant nausea (visual analogue scale  25 mm), use of rescue medications,
and effect on QOL.
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Results
Fifty-six patients were randomized to the olanzapine (n=29) and placebo (n=27) groups.
Complete response rates were not significantly different between the olanzapine and
placebo groups in the acute (96.5% vs. 88.0%, p=0.326), delayed (69.0% vs. 48.0%,
p=0.118), and overall phases (69.0% vs. 48.0%, p=0.118). However, the percentage of
patients with significant nausea (17.2% vs. 44.0%, p=0.032) and the use of rescue medications (0.03±0.19 vs. 1.88±2.88, p=0.002) were lower in the olanzapine group than in
the placebo. Furthermore, the olanzapine group demonstrated better QOL (p=0.015).
Conclusion
Olanzapine combined with palonosetron and dexamethasone significantly improved QOL
and vomiting control among previously untreated patients receiving MEC, although the
efficacy was limited to the reduction of the frequency of CINV.
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Introduction
Chemotherapy-induced nausea and vomiting (CINV) is
the most common and debilitating side effect of cytotoxic
chemotherapy. Up to 85% of treated cancer patients can be
affected by CINV resulting in the deterioration of their quality of life (QOL) and compliance to anti-cancer treatments,
which adversely affects the treatment outcome. Furthermore,
CINV causes metabolic imbalances, worsening nutritional
status, and degradation of body function and impairs daily
life function [1,2]. In patients receiving chemotherapy, the
frequency and degree of nausea and vomiting are affected
by various factors such as the types and dosages of anticancer drugs, treatment schedules and routes of administration, and the individual characteristics (for example, sex, age,
previous chemotherapy treatment, and alcohol consumption) [3,4]. The use of 5-hydroxytryptamine type 3 (5-HT3)
receptor antagonists, dexamethasone, and neurokinin-1
(NK1) receptor antagonists has significantly improved the
control of CINV, and international guidelines recommend
the combinations of these agents to prevent CINV in patients
receiving moderately or highly emetogenic chemotherapy
(HEC) [5-7].
Olanzapine is widely used as an antipsychotic drug for
patients with schizophrenia and intractable depression.
Olanzapine blocks multiple neurotransmitters with their
receptors: dopamine at D1, D2, D3, and D4 receptors; serotonin at 5-HT2a, 5-HT2c, 5-HT3, and 5-HT6 receptors; catecholamines at alpha-1 adrenergic receptors; acetylcholine at
muscarinic receptors; and histamine at H1 receptors [8,9]. In
a recent phase 3 trial, olanzapine significantly prevented nausea and improved the complete response rate, compared
with placebo, among previously untreated patients who
were receiving HEC [10]. In another single-institution phase
3 trial, olanzapine combined with dexamethasone and
palonosetron, an HT3-receptor blocker, was effective in controlling acute and delayed nausea and vomiting in patients
receiving HEC [11]. Based on these results, an olanzapinecontaining regimen has been recommended as one of the
standard prophylactic treatment in patients receiving HEC.
However, only few studies have evaluated the efficacy of
olanzapine in patients receiving moderately emetogenic
chemotherapy (MEC). In a small randomized trial, the addition of olanzapine to standard therapy can reduce the frequency of CINV and improve the QOL of patients receiving
HEC or MEC [12]. However, less than 10 patients in each
group received MEC in this trial. Furthermore, palonosetron
and dexamethasone combination therapy is equally recommended irrespective of containing olanzapine in patients
receiving MEC. In addition, the dosage of olanzapine and
dexamethasone was arbitrarily recommended without pro-

per evaluation.
The purpose of this study was to evaluate the efficacy of
olanzapine versus that of a placebo, in controlling nausea
and vomiting in patients receiving MEC. The objective was
to determine the additive effect of olanzapine to palonosetron and dexamethasone combination therapy among previously untreated patients receiving MEC.

Materials and Methods
1. Patient selection
Patients aged 19 years or older with malignant disease who
had not received previous chemotherapy within 6 months
before enrollment were eligible if (1) they were scheduled to
receive MEC (either carboplatin, cyclophosphamide  1,500
mg/m2; daunorubicin, doxorubicin  60 mg/m2; epirubicin
 90 mg/m2; irinotecan, oxaliplatin, melphalan, or methotrexate  250 mg/m2) and (2) had a European Cooperative
Oncology Group (ECOG) performance status of 0, 1, or 2.
Additional eligibility criteria were (1) an aspartate or alanine
aminotransferase level that was no more than 3 times the
upper limit of the normal range, creatinine clearance of 50
mL/min or more, an absolute neutrophil count of at least
1,500/mm3, and a platelet count of at least 100,000/mm3; (2)
no nausea or vomiting in the 24 hours before enrollment; (3)
no severe cognitive compromise; no known history of central
nervous system disease; (4) no treatment with another
antipsychotic agent such as risperidone, quetiapine, clozapine, phenothiazine, or butyrophenone within 30 days before
enrollment or plans for such treatment during the study
period; (5) no concurrent abdominal radiotherapy; (6) no
chronic alcoholism; (7) no known hypersensitivity to olanzapine, palonosetron, and dexamethasone; (8) no treatment
with any 5-HT3 receptor antagonist, benzamide, domperidone, cannabinoid, NK1 receptor antagonist, and benzodiazepine within 4 weeks before enrollment; (9) no known
cardiac arrhythmia, uncontrolled congestive heart failure, or
acute myocardial infarction within the previous 6 months;
(10) no history of uncontrolled diabetes mellitus; and (11)
negative result of pregnancy test in women of childbearing
age.
2. Study design
All patients eligible for the study were randomized to
either the olanzapine or placebo group with palonosetron
and dexamethasone regimen according to a computer-generated random assignment schedule created by an independVOLUME 51 NUMBER 1 JANUARY 2019
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ent statistician not involved with the study. Patients were
further stratified according to sex and the participating centers. The patients and the medical professionals who cared
for them were unaware of the assigned study regimen. The
patients were assessed for only one chemotherapy cycle.
3. Treatment regimen
On the day of chemotherapy (day 1), all patients received
an antiemetic regimen consisting of 12 mg dexamethasone
and 0.25 mg palonosetron both administered intravenously
30 minutes prior to chemotherapy administration. In addition, the patients received 10 mg olanzapine administered
orally every day or a matching placebo on days 1-4. Patients
were permitted to take rescue therapy of the investigator’s
choice for nausea and vomiting based on clinical circumstances excluding NK1 receptor antagonist, olanzapine, and
readministration of palonosetron.
4. Study visits and assessment procedures
All the patient’s demographic and medical data were
recorded during the screening period. Patients were asked
to complete daily records of episodes of vomiting or nausea
and the use of rescue therapy from day 1-6. Patients were
also asked to record every day the number and time of any
emetic events and maximum nausea experienced, which was
rated using a visual analogue scale (VAS) ranging from 0
(“no nausea at all”) to 10 (“nausea as bad as it can be”) [13].
Adverse events were graded according to the terminology
and grading categories defined in the National Cancer Institute’s Common Terminology Criteria for Adverse Events,
ver. 4.03. In addition, patients completed the Korean version

of the Functional Living Index-Emesis (FLI-E) questionnaire,
which is a self-administered and validated questionnaire, on
day 6 to assess the influence of CINV on QOL. The FLI-E
questionnaire contains 18 questions (nine for nausea and
nine for vomiting) that specifically address the effects of nausea and vomiting on physical activities, social and emotional
functions, and the ability to enjoy meals [14]. Scores range
from 1 to 7 for each domain, with a higher score indicating a
more favorable and better ability to maintain daily activities.
5. Outcomes
The primary end point in this study was complete
response (CR), defined as no emetic episodes and no use of
rescue medication in the acute (0-24 hours post-chemotherapy) phase. The secondary end points were CR in the
delayed (24-120 hours post-chemotherapy) and overall
(0-120 hours post-chemotherapy) phases, no vomiting and
no significant nausea (VAS < 25 mm) in the overall phase,
use of rescue medications, and QOL of patients as assessed
using the FLI-E questionnaire.
6. Statistical analysis
Based on 80% power in detecting an achievement from
70% to 97% with a 0.05 level of significance between the
placebo and olanzapine groups (=0.05, 1–=0.80), 26
patients were required per group. Chi-square test was used
to compare complete responses, no vomiting and no significant nausea in the overall phase. Wilcoxon rank-sum test was
used for the comparison of use of rescue medication, QOL of
patients as assessed using the FLI-E questionnaire. The percentage of patients with an average domain item score of

Patients underwent randomization (n=56)

Assigned to receive olanzapine (n=29)

Assigned to receive placebo (n=27)
Patient was lost to
follow-up (n=1)

Started the study (n=29)

Started the study (n=26)
Patient
withdrew (n=1)

Included in primary analysis (n=29)

Included in primary analysis (n=25)

Fig. 1. Patients who underwent randomization, started the study, and were included in the primary analysis.
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Table 1. Baseline demographic and clinical characteristics of the study patients
Characteristic

Olanzapine (n=29)

Placebo (n=25)

23 (79)
6 (21)

22 (88)
3 (12)

60 (
30-76

63 (
42-79

6 (21)
23 (79)

3 (12)
22 (88)

16 (55)
11 (38)
2 (7)

14 (56)
9 (36)
2 (8)

16 (55)
13 (45)
0(

18 (72)
6 (24)
1 (4)

18 (62)
8 (28)
2 (7)
1 (3)

13 (52)
7 (28)
2 (8)
3 (12)

13 (45)
16 (55)

5 (20)
20 (80)

Sex
Male
Female
Age (yr)
Median
Range
ECOG performance status
0
1
Chemotherapy regimen
Oxaliplatin containing
Irinotecan containing
Carboplatin containing
Purpose of chemotherapy
Palliative
Adjuvant
Neoadjuvant
Primary site of disease
Colorectal
Stomach
Lung
Other
Previous alcohol consumption
Yes
No

Values are presented as number (%). ECOG, European Cooperative Oncology Group.

over 6 on the seven-point scale in the FLI-E questionnaire,
which represent no effect of CINV on daily life activities, was
calculated and compared between two groups.
7. Ethical statement
All patients gave written informed consent, and the study
was approved by the institutional review board at each participating center.

Results

between August 2015 and December 2016. However, of the
27 patients in the placebo group, one patient was lost to follow-up and another patient withdrew; thus, a total of 54
patients were included in the analysis.
The demographic and clinical characteristics of the 56
patients are presented in Table 1. No significant differences
in sex, age, chemotherapy regimen administered, ECOG performance status, or primary site of disease was noted
between the olanzapine and placebo groups. The majority of
patients in each group were men, and the majority also
received chemotherapy consisting of oxaliplatin or irinotecan
plus fluoropyrimidine. The distribution of institutions was
balanced between the study groups.
2. Efficacy

1. Study patients
Fig. 1 shows the distribution and randomization of the
study patients. A total of 56 patients at seven academic institutions in the southwestern part of Korea were randomly
assigned to the olanzapine (n=29) and placebo (n=27) groups

The CR for the acute, delayed, and overall phases is shown
in Table 2. One patient in the olanzapine group who did not
have a CR in the acute phase did not require rescue medication, but three patients in the placebo group required rescue
medication and received additional antiemetics such as
VOLUME 51 NUMBER 1 JANUARY 2019
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Table 2. Complete response according to study group
Variable
0-24 Hours after chemotherapy
No
Yes
24-120 Hours after chemotherapy
No
Yes
0-120 Hours after chemotherapy
No
Yes

Olanzapine (n=29)

Placebo (n=25)

Total (n=54)

p-value

1 (3.5)
28 (96.5)

3 (12.0)
22 (88.0)

4 (7.4)
50 (92.6)

0.326

9 (31.0)
20 (69.0)

13 (52.0)
12 (48.0)

22 (40.7)
32 (59.3)

0.118

9 (31.0)
20 (69.0)

13 (52.0)
12 (48.0)

22 (40.7)
32 (59.3)

0.118

Values are presented as number (%).

Table 3. Other secondary end points analyzed according to the study group
Variable
Vomiting in the overall phase
No
Yes
Significant vomiting in the overall phase
No
Yes
Frequency of rescue medication
Time to the use of rescue medication (hr)

Olanzapine (n=29)

Placebo (n=25)

Total (n=54)

p-value

20 (69.0)
9 (31.0)

14 (56.0)
11 (44.0)

34 (63.0)
20 (37.0)

0.325

24 (82.8)
5 (17.2)
0.03±0.19
2.55±13.74

14 (56.0)
11 (44.0)
1.88±2.88
19.44±28.23

38 (70.4)
16 (29.6)

0.032
0.002
0.004

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

Table 4. Proportion of patients reporting “no impact of CINV on daily life”
Variable
FLI-E total score
Mean±SD
Median (min-max)
Nausea domain
Mean±SD
Median (min-max)
Vomiting domain
Mean±SD
Median (min-max)
Impact on daily life, n (%)
No
Yes

Olanzapine (n=29)

Placebo (n=25)

p-value

119.12±15.49
125.98 (64.97-125.98)

107.81±22.27
120.22 (40.50-125.98)

0.009

58.48±9.95
62.99 (17.52-62.99)

50.56±13.64
57.23 (17.04-62.99)

0.004

60.64±7.06
62.99 (28.14-62.99)

57.25±10.68
62.93 (23.46-62.99)

0.078

26 (89.7)
3 (10.3)

15 (60.0)
10 (40.0)

0.015

CINV, chemotherapy-induced nausea and vomiting; FLI-E, the Functional Living Index-Emesis; SD, standard deviation.
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metoclopramide or 5-HT3 receptor antagonist for 2-8 times.
Nine patients in the olanzapine group and thirteen patients
in the placebo group did not have a CR in the delayed phase.
The proportion of patients with a CR was not significantly
different between the two groups in all three assessment
periods. The CR rates during the acute, delayed, and overall
phases were 96.5% vs. 88.0% (p=0.326), 69.0% vs. 48.0%
(p=0.118), and 69.0% vs. 48.0% (p=0.118), respectively (Table 2).
A total of 20 (69.0%) and 14 (56.0%) patients in the olanzapine and placebo group, respectively, developed no vomiting in the overall phase. Meanwhile, the proportion of
patients with significant nausea in the overall phase was significantly lower in the olanzapine group than in the placebo
group (5 patients, 17.2% vs. 11 patients, 44.0%; p=0.032). The
number of patients who required rescue medication and time
to the administration of rescue medication in the olanzapine
group were also lower to the placebo group (Table 3).
In terms of FLI-E scores for QOL, CINV did not affect the
daily activities in 26 patients (89.7%) in the olanzapine group
and in 15 patients (60.0%) in the placebo group (Table 4). The
FLI-E scores were significantly higher in olanzapine group
compared to placebo (p=0.015).
3. Adverse events
The overall incidence, frequency, and intensity of adverse
events were comparable between the two treatment groups.
No grade 3 or 4 treatment-related adverse event occurred in
both groups. The most common adverse event in the olanzapine group was somnolence. Four patients out of the 29
patients (13.8%) experienced grade 1 (n=3) or 2 (n=1) somnolence. The other adverse events in the olanzapine group
were grade 1 hypertriglyceridemia (n=3), hyperglycemia
(n=1), and fatigue (n=1). The most common adverse event in
the placebo group was grade 1 (n=1) and grade 2 (n=2)
fatigue. The other adverse events were grade 1 hypertriglyceridemia (n=2) and asthenia (n=1). No patient discontinued
the study because of undesired adverse events.

Discussion
Over the past few decades, the development of new
antiemetics remarkably improved the control of CINV. Typical antiemetic drugs include 5-HT3 receptor antagonists,
NK1 receptor antagonists, and dexamethasone, and a new
combination of these antiemetics like Netupitant and
palonosetron (NEPA) has been developed. Although it was
not originally developed as an antiemetic, the use of olanzapine for the control of CINV has gradually increased.

Recently, the American Society of Clinical Oncology guideline recommends a four-drug combination regimen comprising an NK1 receptor antagonist, a 5-HT3 receptor antagonist,
dexamethasone, and olanzapine as prophylaxis for HECinduced nausea and vomiting; meanwhile, the National
Comprehensive Cancer Network (NCCN) guideline recommends a three-drug combination regimen of palonosetron,
dexamethasone, and olanzapine in both HEC- and MECinduced nausea and vomiting [15,16]. The only difference
between these two regimens for HEC- and MEC-induced
nausea and vomiting is the dosage of olanzapine (10 mg for
4 days in HEC regimen vs. 10 mg for 3 days in MEC regimen). In addition, olanzapine is the drug of choice for breakthrough treatment as category 1 in the NCCN guideline [15].
The effect of a three-drug regimen that includes olanzapine
has been proven in several phase 2 and 3 trials of various settings. However, to the best of our knowledge, data from a
prospective study on the effect of olanzapine in patients
receiving only MEC are yet to be available. Chiu et al. [17]
conducted a literature search to identify randomized controlled trials that compared olanzapine to other standard
antiemetics for either prevention of or rescue from CINV.
They identified 13 eligible trials, with 10 trials in the preventative setting and three trials in the breakthrough setting. In
the preventative setting, six studies included patients receiving only HEC, four studies included patients with a combination of HEC and MEC in various proportions, while no
studies included patients receiving only MEC.
The first clinical study to report the effects of olanzapine
was published in 2005 by Navari et al. [18]. In this study, 10
patients receiving HEC and 20 patients receiving MEC were
enrolled, and a 100% CR rate for acute phase was reported
using three-drug regimens in both groups. Tan et al. [19]
reported the effect of olanzapine-containing regimen in a
cohort with both HEC and MEC combined; of them, approximately 50% patients received MEC. In this study, the CR rate
in the acute phase was not significantly different in both HEC
and MEC groups, but the significant level of nausea and
vomiting in the delayed and overall phases was substantially
improved in both groups. Mizukami et al. [12] conducted a
randomized, double-blind, placebo-controlled trial to determine whether olanzapine can reduce the frequency of CINV
and improve patient’s QOL during chemotherapy. In this
study, 44 patients receiving HEC and MEC were included,
and the total control rate and improvement in QOL were significantly higher in the olanzapine group than in the control
group. However, only 15 patients were receiving MEC in this
study.
The primary end point of the current study was to compare the CR rate for the acute phase. At the time of the study
plan, a difference of 27% (97% vs. 70%) between the two
groups was expected, but the actual results were not statistiVOLUME 51 NUMBER 1 JANUARY 2019
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cally significant at 96.5% for the olanzapine group and 88.0%
for the placebo group. The secondary end point—the CR rate
for the delayed and overall phases—was also insignificant
between the two groups. Although these outcomes were not
significantly different, a clear trend favoring the olanzapine
group was observed. In previous clinical studies evaluating
the efficacy of antiemetics, researchers used various parameters including the CR rate, the degrees of significant nausea,
the necessity of taking rescue medication, and the time until
administration of rescue medication. These parameters were
included as secondary end points of the present study, and
we were able to confirm that the degree of significant nausea
and the necessity of taking rescue medication were significantly improved in the olanzapine group. Furthermore, the
effects of chemotherapy on QOL, which was evaluated using
the FLI-E questionnaire, was found to be significantly better
in the olanzapine group than in the placebo group.
Olanzapine is a drug originally developed as an antipsychotic drug. Unlike other antiemetic agents, it blocks multiple receptors associated with emetic pathways. Therefore,
additional caution is needed when it is used with other drugs
such as metoclopramide and haloperidol, which can be used
in cancer patients, because excessive dopamine inhibition
increases the risk of extrapyramidal symptoms. However,
olanzapine has been reported to be safe when used intermittently for preventive purposes after every cycle of chemotherapy or for breakthrough treatment. Because of the risk
of central nervous system depression, extra care should be
taken when using olanzapine in old, debilitated, or frail
patients. The safety of olanzapine has been often evaluated
through the M.D. Anderson symptom inventory. Fatigue,
drowsiness, and disturbed sleep were the most commonly
reported adverse events. However, these adverse events
were infrequent and manageable. All patients in our study
did not develop any clinically significant adverse event.
This study has several limitations. First, the number of
patients is relatively small, although the design was a ran-

domized, double-blinded, placebo-controlled study. Other
limitations are that the effect of more than two cycles of
chemotherapy had not been evaluated, and several factors
associated with CINV, such as age and amount of alcohol
consumption, were not included for the stratification. Therefore, a larger scale phase 3 study is necessary to confirm the
effect of olanzapine in patients receiving MEC.
In some countries including Korea, olanzapine has not yet
been approved as an antiemetic agent. This is because clinical
trials using olanzapine have not been performed in these
countries and various antiemetics are already available.
Another reason is the misconception for antipsychotic drugs.
Internationally, olanzapine is already among the recommended antiemetics, and it was shown to be more effective
than other antiemetics in some patients. Furthermore, it has
an advantage of being cost-effective compared to new highpriced antiemetics. Based on the results of this study, olanzapine should be considered more actively in patients
receiving MEC.
Olanzapine in addition to palonosetron and dexamethasone could not significantly improve the CR rate for acute,
delayed, and overall phase among previously untreated
patients receiving MEC. However, a clear benefit of olanzapine was observed in the management of vomiting and QOL,
and it can be recommended as an option for CINV prevention in Korean patients receiving MEC.
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Purpose
T category of the eighth edition of the American Joint Committee on Cancer (AJCC) staging
system for distal bile duct carcinoma (DBDC) was changed to include tumor invasion depth
measurement, while the N category adopted a 3-tier classification system based on the
number of metastatic nodes.
Materials and Methods
To validate cancer staging, a total of 200 surgically resected DBDCs were staged and compared according to the seventh and eighth editions.
Results
T categories included T1 (n=37, 18.5%), T2 (n=114, 57.0%), and T3 (n=49, 24.5%). N categories included N0 (n=133, 66.5%), N1 (n=50, 25.0%), and N2 (n=17, 8.5%). Stage groupings included I (n=33, 16.5%), II (n=150, 75.0%), and III (n=17, 8.5%). The overall 5-year
survival rates (5-YSRs) of T1, T2, and T3 were 59.3%, 42.4%, and 12.2%, respectively.
T category could discriminate patient survival by both pairwise (T1 and T2, p=0.011; T2 and
T3, p < 0.001) and overall (p < 0.001) comparisons. The overall 5-YSRs of N0, N1, and N2
were 47.3%, 17.0%, and 14.7%, respectively. N category could partly discriminate patient
survival by both pairwise (N0 and N1, p < 0.001; N1 and N2, p=0.579) and overall (p <
0.001) comparisons. The overall 5-YSRs of stages I, II, and III were 59.0%, 35.4%, and
14.7%, respectively. Stages could distinguish patient survival by both pairwise (I and II,
p=0.002; II and III, p=0.015) and overall (p < 0.001) comparisons. On multivariate analyses,
T and N categories (p=0.014 and p=0.029) and pancreatic invasion (p=0.006) remained
significant prognostic factors.
Conclusion
The T and N categories of the eighth edition AJCC staging system for DBDC accurately predict
patient prognosis.

Introduction
Bile duct carcinomas, or cholangiocarcinomas, account for
3% of all gastrointestinal cancers worldwide [1], and their
incidence is higher in Eastern Asian countries, including
Korea, China, and Thailand [2]. Bile duct carcinomas can be
further classified as intrahepatic, perihilar, and distal bile
duct carcinomas (DBDCs) [3], and DBDCs compromise
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about 30% of all bile duct carcinomas [3]. In the United States,
it is estimated that about 10,910 Americans will be diagnosed
with carcinomas of the gallbladder and extrahepatic bile duct
in 2015 [4].
Although the American Joint Committee on Cancer (AJCC)
has changed the staging system of extrahepatic bile duct
(EBD) carcinoma seven times in the last decades [5,6], those
staging systems have been criticized for being inaccurate in
estimating prognosis [7-9]. First, the previous staging sys-
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Table 1. AJCC staging system for distal bile duct carcinoma
AJCC seventh edition
Primary tumor (T)
T1
Tumor confined to the bile duct histologically
T2
Tumor invades beyond the wall of bile duct
T3
Tumor invades gallbladder, pancreas, duodenum,
or other adjacent organs without involvement
of celiac axis or the superior mesenteric artery
T4
Tumor involves the celiac axis or the superior
mesenteric artery
Regional lymph nodes (N)
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis
Distant metastasis (M)
M0 No distant metastasis
M1 Distant metastasis
Stage grouping
IA
T1N0M0
IB
T2N0M0
IIA T3N0M0
IIB T1-3, N1M0
III
T4, any N, M0
IV
Any T, any N, M1

AJCC eighth edition
T1
T2
T3

Depth of invasion < 5 mm
Depth of invasion 5-12 mm
Depth of invasion > 12 mm

T4

Tumor involves the celiac axis or the superior
mesenteric artery

N0
N1
N2

No regional lymph node metastasis
Metastasis in 1-3 regional lymph nodes
Metastasis in  4 regional lymph nodes

M0
M1

No distant metastasis
Distant metastasis

I
IIA
IIB
IIIA
IIIB
IV

T1N0M0
T1N1M0 or T2N0M0
T2N1M0 or T3, N0-1, M0
T1-3, N2M0
T4, any N, M0
Any T, any N, M1

AJCC, American Joint Committee on Cancer.

tems did not take into consideration the histologic characteristics of smooth muscle distribution in the EBD. Cancer staging of DBDCs was separated from the staging of proximal or
perihilar bile duct carcinoma from the seventh edition of the
AJCC staging manual [10]. However, the terminology used
in the sixth and seventh editions of the AJCC staging system,
which defined T1 and T2 diseases as “confined to the bile
duct histologically” and “beyond the wall of the bile duct,”
was unclear and problematic [10,11], especially when
marked stromal response of the invasive carcinoma presents
and obscures the lower boundary of the bile duct wall [8]. To
overcome the problems of the previous editions of the AJCC
cancer staging system for DBDC, an alternative method of T
classification was proposed, which measured the depth of
tumor invasion from the basal lamina of the adjacent normal
epithelium to the most deeply infiltrating tumor cells, and
categorized invasion depth as T1, < 5 mm; T2, 5-12 mm; and
T3, > 12 mm [12]. This method more powerfully predicted
survival in patients with DBDCs than the previously used T
classification of seventh edition [9,12,13], and was ultimately
incorporated in the T category of the eighth edition [14].
Conversely, the N category of seventh edition AJCC staging system was simple to evaluate the presence or absence
of metastatic nodes. Several later studies demonstrated the

characteristics of nodal metastasis, including location of the
involved lymph nodes, lymphatic spread, and micrometastasis [15-20]. Previous studies by Moon et al. [13] and Schwarz
et al. [21] demonstrated that a minimum of 10 lymph nodes
were required to assess the accurate N category of DBDC. In
addition, several studies emphasized the significance of the
3 tiers of N classification as a prognostic indicator [13,22,23].
In the eighth edition of the AJCC cancer staging for DBDC,
the T category was changed according to invasion depth as
follows: T1, < 5 mm; T2, 5-12 mm; and T3, > 12 mm. The N
category was classified into 3-tiers based on the number of
metastatic nodes: N0, no nodal metastasis; N1, 1 to 3 nodal
metastases; and N2, 4 or more nodal metastases. A summary
of the changes between the seventh and eighth editions of
AJCC staging for DBDCs is described in Table 1. Recently,
Gonzalez et al. [1] reported a size-based T category for staging DBDCs and revealed its significant relationship with
patient survival differences, specifically for intra-pancreatic
type DBDCs. They stratified 47 intra-pancreatic DBDC cases
based on tumor size as follows: < 2 cm, 2-4 cm, and > 4 cm
[1].
To validate the new eighth edition of the AJCC cancer staging system for DBDCs, we compared the clinicopathologic
factors including patient survival based on the seventh and
VOLUME 51 NUMBER 1 JANUARY 2019
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eighth editions of the AJCC cancer staging system for DBDC.
In addition, we evaluated the prognostic relevance of sizebased criteria for the staging for DBDC.

Perihilar BD
(Proximal BD)

Materials and Methods

Extrapancreatic
Distal BD

1. Case selection
All cases of surgically resected primary DBDCs between
May 2010 and June 2012 from Asan Medical Center were collected. Carcinomas originating in the mucosa of the bile duct
and from the junction of the cystic duct-common bile duct to
the ampulla of Vater were included in this study. Carcinomas arising in the ampulla of Vater or pancreas were
excluded. Finally, 200 cases of DBDCs were included in this
study.
Clinical data included patient sex and age, operation date,
most recent follow-up date, operation method, postoperative
radiation therapy and chemotherapy, and survival status.
Pathological data included tumor size and location, growth
pattern (papillary, nodular, or diffusely infiltrative pattern),
histologic subtype, tumor grade, margin status, perineural
and lymphovascular invasion, pancreatic, duodenal, and
gallbladder invasion, nodal metastasis, and stage grouping
evaluation based on the seventh and eighth editions of the
AJCC cancer staging system [10,14]. Tumor size was grossly
evaluated and microscopically confirmed. When the discrepancy was present between two measurements, tumor size by
microscopic measurement was selected, which was previously described elsewhere [1]. The tumor size was further
categorized based on greatest dimension as follows: < 2 cm,
2-4 cm, and > 4 cm [1].
The depth of cancer invasion was measured on slides containing the primary DBDC and was defined as the area of
deepest infiltration from the mucosal surface, e.g., from the
basal lamina of the adjacent normal epithelium to the most
deeply advanced tumor cells. For cases containing high
grade dysplasia (or biliary intraepithelial neoplasia [BilIN]3) at the periphery of the invasive tumors, the basal lamina
of the high grade dysplasia (or BilIN-3) was used as the reference, which was previously described [12]. The maximum
depth of tumor invasion was categorized into 3 groups: T1,
< 5 mm; T2, 5-12 mm; and T3, > 12 mm [7,12].
DBDCs were further classified based on location in the distal bile duct (DBD) as follows: When the tumor was located
within the intrapancreatic DBD, the tumor was classified as
“intra-pancreatic type”; when the tumor was located in the
DBD outside of the pancreas between the junction of cystic
duct-common bile duct to just before entering intra-pancre-
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Intrapancreatic

Fig. 1. Schematic drawing of the distal bile duct (BD).

atic DBD, the tumor was classified as “extra-pancreatic type”;
when the tumor diffusely involved intra- and extra-pancreatic DBDs, the tumor was classified as “both intra- and extrapancreatic type” (Fig. 1). Tumor grading was classified as
low (well to moderately differentiated tumors) and high
grade (poorly differentiated and undifferentiated tumors)
[24].
2. Statistical analysis
Statistical analyses were performed with SPSS software
ver. 17.0 (SPSS Inc., Chicago, IL). Categorical data were analyzed using Student’s t test, the chi-square test, or Fisher's
exact test. The survival rate was estimated using the KaplanMeier method and the log-rank test was used to calculate its
associations with various clinicopathologic factors. The significance of any prognostic factors was investigated with the
Cox proportional hazards model. p-values of < 0.05 were
considered to denote statistical significance.
3. Ethical statement
The Institutional Review Board of Asan Medical Center
approved this study (2013-0527) with a waiver of the informed consent.
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Table 2. Characteristics of patients with distal bile duct
carcinoma

Table 2. Continued

Variable

N category, seventh edition
N0
N1
AJCC stage grouping, seventh edition
IA
IB
IIA
IIB
III
IV
Depth of invasion, mean±SD (mm)
Total nodes assessed, mean±SD
No. of positive nodes, mean±SD
T category, eighth edition
T1
T2
T3
T4
N category, eighth edition
N0
N1
N2
AJCC stage grouping, eighth edition
I
IIA
IIB
IIIA
IIIB
IV

No. (%) (n=200)

Operation
Pancreatoduodenectomy including Whipple
Bile duct resection
Age, mean±SD (yr)
< 60
 60
Sex
Male
Female
Location
Intra-pancreatic
Extra-pancreatic
Both intra- and extra-pancreatic
Growth pattern
Papillary
Nodular
Diffusely infiltrative
Histologic subtype
Tubular adenocarcinoma
Mucinous carcinoma
Undifferentiated carcinoma
Grade
Low
High
Size, mean±SD (cm)
<2
2-4
>4
Pancreatic invasiona)
No
Yes
Duodenal invasiona)
No
Yes
Cystic duct of gallbladder invasion
No
Yes
Resection margin status of the bile duct
No involvement
Involved by cancer
Lymphovascular invasion
Perineural invasion
T category, seventh edition
T1
T2
T3
T4

(Continued)

170 (85.0)
30 (15.0)
65.4±9.2
55 (27.5)
145 (72.5)
137 (68.5)
63 (31.5)
168 (84.0)
30 (15.0)
2 (1.0)
12 (6.0)
33 (16.5)
155 (77.5)
198 (99.0)
1 (0.5)
1 (0.5)
167 (83.5)
33 (16.5)
2.9±1.2
39 (19.5)
132 (66.0)
29 (14.5)
53 (31.2)
117 (68.8)

Variable

No. (%) (n=200)
133 (66.5)
67 (33.5)
12 (6.0)
33 (16.5)
88 (44.0)
67 (33.5)
0(
0(
9.3±5.0
12.1±7.5
0.9±1.9
37 (18.5)
114 (57.0)
49 (24.5)
0(
133 (66.5)
50 (25.0)
17 (8.5)
33 (16.5)
85 (42.5)
65 (32.5)
17 (8.5)
0(
0(

SD, standard deviation; AJCC, American Joint Committee
on Cancer. a)Calculated using only patients with sufficient
available data.

116 (68.2)
54 (31.8)
163 (81.5)
37 (18.5)

Results

160 (80.0)
40 (20.0)
81 (40.5)
166 (83.0)

1. Patient characteristics

12 (6.0)
40 (20.0)
148 (74.0)
0(

Patient clinicopathologic characteristics are summarized
in Table 2. The male to female ratio of the patients was 2.2
with a median age at resection of 67.0 years (range, 35 to 82
years). There were 168 intra-pancreatic (84.0%), 30 extra-pancreatic (15.0%), and 2 both intra- and extra-pancreatic (1.0%)
DBDCs. The mean tumor size was 2.9±1.2 cm. About twothirds of the cases were between 2 and 4 cm (132/200, 66.0%).
One hundred seventy cases (85.0%) were pancreatoduodenectomy specimens including Whipple operation or
pylorus-preserving pancreaticoduodenectomy, and the
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Table 3. Association between T and N categories of the eighth AJCC and clinicopathologic factors in distal bile duct carcinoma patients
Clinicopathologic factor

T category
T1

No. of patients
37 (18)
Age, mean±SD (yr)
65.5±8.2
p-value
Age (yr)
< 60
9 (24)
 60
28 (76)
p-value
Sex
Male
25 (68)
Female
12 (32)
p-value
Location
Intra-pancreatic
7 (19)
Extra-pancreatic
30 (81)
Both intra- and extra-pancreatic
0(
p-value
Growth pattern
Papillary
10 (27)
Nodular
7 (19)
Diffusely infiltrative
20 (54)
p-value
Size (cm)
<2
11 (30)
2-4
22 (59)
4
4 (11)
p-value
Histological subtype
Tubular adenocarcinoma
37 (100)
Mucinous carcinoma
0(
Undifferentiated carcinoma
0(
p-value
Grade
Low
33 (89)
High
4 (11)
p-value
Resection margin status of the bile duct
No involvement
33 (89)
Involved by cancer
4 (11)
p-value
Lymphovascular invasion
No
29 (78)
Yes
8 (22)
p-value
Perineural invasion
No
15 (40)
Yes
22 (60)
p-value

(Continued to the next page)
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N category

T2

T3

N0

N1

N2

114 (57)
66.0±9.1
0.453

49 (25)
64.0±10.1

133 (67)
65.3±9.4

50 (25)
65.9±9.2
0.815

17 (8)
64.3±7.8

27 (24)
87 (76)
0.126

19 (39)
30 (61)

36 (27)
97 (73)

15 (30)
35 (70)
0.859

4 (23)
13 (77)

76 (67)
38 (33)
0.686

36 (74)
13 (26)

92 (69)
41 (31)

34 (68)
16 (32)
0.929

11 (65)
6 (35)

20 (17)
93 (82)
1 (1)
0.202

3 (6)
45 (92)
1 (2)

18 (13)
115 (87)
0(

11 (22)
38 (76)
1 (2)
0.052

1 (6)
15 (88)
1 (6)

1 (1)
21 (18)
92 (81)
< 0.001a)

1 (2)
5 (10)
43 (88)

10 (7)
21 (16)
102 (77)

0(
8 (16)
42 (84)
0.130

2 (12)
4 (23)
11 (65)

26 (23)
70 (61)
18 (16)
0.022a)

2 (4)
40 (82)
7 (14)

32 (24)
83 (62)
18 (14)

6 (12)
37 (74)
7 (14)
0.172

1 (6)
12 (71)
4 (23)

114 (100)
0(
0(
0.184

47 (96)
1 (2)
1 (2)

132 (99)
0(
1 (1)

50 (100)
0(
0(
0.163

16 (94)
1 (6)
0(

96 (84)
18 (16)
0.338

38 (78)
11 (22)

113 (85)
20 (15)

42 (84)
8 (16)
0.321

12 (71)
5 (29)

91 (80)
23 (20)
0.196

36 (74)
13 (26)

111 (84)
22 (16)

35 (70)
15 (30)
0.124

14 (82)
3 (18)

71 (62)
43 (38)
0.001a)

19 (39)
30 (61)

90 (68)
43 (32)

24 (48)
26 (52)
0.002a)

5 (29)
12 (71)

13 (11)
101 (89)
< 0.001a)

6 (12)
43 (88)

28 (21)
105 (79)

5 (10)
45 (90)
0.092

1 (6)
16 (94)

Sun-Young Jun, Distal Bile Duct Carcinoma Staging

Table 3. Continued
Clinicopathologic factor

T category

N category

T1

T2

T3

N0

N1

N2

20 (67)
10 (33)

27 (29)
67 (71)
< 0.001a)

6 (13)
40 (87)

43 (37)
72 (63)

8 (20)
31 (80)
0.034a)

2 (12)
14 (88)

28 (93)
2 (7)

70 (75)
24 (25)
< 0.001a)

18 (39)
28 (61)

89 (77)
26 (23)

22 (56)
17 (44)
< 0.001a)

5 (31)
11 (69)

33 (89)
4 (11)
0(

81 (71)
26 (23)
7 (6)
< 0.001a)

19 (39)
20 (41)
10 (20)

b)

Pancreatic invasion
No
Yes
p-value
Duodenal invasionb)
No
Yes
p-value
N category, eighth edition
N0
N1 (1-3)
N2 ( 4)
p-value

-

-

-

Values are presented as number (%) or mean±standard deviation. AJCC, American Joint Committee on Cancer; SD, standard
deviation. a)Statistically significant (p < 0.05), b)Calculated using only patients with sufficient available data.

remaining 30 (15.0%) were specimens of bile duct resection
with cholecystectomy. Post-operative radiation therapy and
chemotherapy were performed in 37 (18.5%) and 69 (34.5%)
patients, respectively. In the pathologic examination of bile
duct resection specimens, the status of pancreatic or duodenal involvement by the tumor could not be completely evaluated. Consequently, involvements of the pancreas, duodenum, and/or cystic duct of the gallbladder was observed
in 68.8% (117/170 cases), 31.8% (54/170), and 18.5% (37/200),
respectively, with either single or multiple organ involvement. Lymphovascular and perineural invasions were frequently observed in 40.5% (n=81) and 83.0% (n=166) of cases,
respectively. Involvement of resection margin of the bile duct
by cancer was in 20.0% (n=40) of cases. The median followup period after surgical resection was 33.8 months (range,
1 to 63 months).
2. Comparison between T and N categories of the eighth
AJCC and clinicopathologic factors
The associations between T and N categories of the eighth
AJCC cancer staging scheme and clinicopathologic factors of
patients with DBDCs are shown in Table 3. The patients with
higher T category tended to have diffusely infiltrative pattern
(p < 0.001), larger tumor (p=0.022), and presence of perineural (p < 0.001), lymphovascular (p=0.001), pancreatic
(p < 0.001), and duodenal (p < 0.001) invasions. In addition,
strong association was observed between T and N categories
(p < 0.001).
Similarly, the patients with higher N category tended to

have more frequent lymphovascular (p=0.002), pancreatic
(p=0.034), and duodenal (p < 0.001) invasions.
3. Patient survival based on T category
The median depth of invasion of DBDC was 8.0 mm
(range, 1 to 28 mm). According to the eighth AJCC staging
system, 37 cases were categorized as T1 (18.5%), 114 as T2
(57.0%), and 49 as T3 (24.5%) tumors. The median survival
time in patients with T2 and T3 tumors was 36.3 months and
19.9 months, respectively, while the median survival time in
those with T1 was not reached. The 1-year, 3-year, and 5-year
survival rates (YSRs) of patients with T1 tumors were 97.2%,
80.3%, and 59.3%, respectively; conversely, those of patients
with T2 tumors were significantly decreased at 86.0%, 50.4%,
and 42.4%, respectively. The 1-, 3-, and 5-YSRs of patients
with T3 tumors were also significantly decreased at 65.3%,
28.6%, and 12.2%, respectively. Patients with DBDCs showed
an overall significant survival difference based on the T category of the eighth edition scheme (p < 0.001) (Fig. 2A).
When pairwise comparisons were performed, all pairs of T
category showed significant differences in patient survival
from each other (T1 and T2, p=0.011; T2 and T3, p < 0.001).
Conversely, based on the seventh AJCC staging system, 12
were categorized as T1 (6.0%), 40 as T2 (20.0%), and 148 as
T3 (74.0%) tumors. The median survival times in patients
with T2 and T3 tumors were 41.2 months and 27.5 months,
respectively, while the median survival time in those with
T1 was not reached. The 1-, 3-, and 5-YSRs were all 91.7% in
patients with T1 tumors, 92.5%, 69.7%, and 40.8% in patients
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Fig. 2. Overall survival stratified by T and N categories of distal bile duct carcinomas according to the American Joint Committee on Cancer. T categories of the eighth edition (A) and the seventh edition (B) and N categories of the eighth edition (C)
and the seventh edition (D).

with T2 tumors, and 79.6%, 41.7%, and 32.0% in patients with
T3 tumors, respectively. Patients with DBDCs showed an
overall significant survival difference based on the T category of the seventh edition AJCC staging scheme (p=0.003)
(Fig. 2B). The pairwise comparisons showed a significant difference between patients with T1 and T2 tumors (p=0.023);
however, there was no significant survival difference
between patients with T2 and T3 tumors (p=0.066).
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4. Patient survival based on N category
The total number of examined nodes assessed ranged from
1 to 36 (mean, 12.1±7.5; median, 11.0). Among them, the
number of metastatic nodes ranged from 0 to 11 (mean,
0.9±1.9; median, 0). The majority of the tumors were N0 (133
cases, 66.5%). According to the eighth AJCC staging system,
nodal metastasis was seen in 67 cases, including 50 N1
(25.0%) and 17 N2 (8.5%). Survival curves based on the N category are depicted in Fig. 2C and D. The 1-, 3-, and 5-YSRs
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Fig. 3. Overall survival stratified by stage group of distal bile duct carcinomas according to the American Joint Committee
on Cancer eighth edition (A and B) and seventh edition stage grouping (C and D).

in patients with N0 tumors were 90.2%, 61.1%, and 47.3%,
respectively. Those in patients with N1 and N2 tumors were
decreased, corresponding to 68.0%, 34.0%, and 17.0% in N1
patients and 70.6%, 14.7%, and 14.7% in N2 patients, respectively. Overall patient survival was significantly decreased
among patients with metastatic nodes (p < 0.001) (Fig. 2C).
The median survival times of patients with N1 and N2
tumors (18.8 and 17.0 months, respectively) were significantly shorter than that of patients with N0 (51.8 months;
p < 0.001, each). However, the survival times of the patients
with N1 and N2 tumors were not significantly different

(p=0.579). The median survival time of the patients with
metastatic nodes (18.0 months) was significantly shorter than
that of those without metastatic nodes (51.8 months; p <
0.001). Therefore, patient survival was significantly decreased when the patients had metastatic nodes as defined by the
seventh edition scheme (Fig. 2D).
5. Patient survival based on AJCC stage grouping
By the eighth edition definitions, the tumors were classified into stages I (33 cases, 16.5%), IIA (85, 42.5%), IIB (65,
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1.0

All DBDCs
Tumor size (< 2 cm)
Tumor size (2-4 cm)
Tumor size (> 4 cm)

Intra-pancreatic DBDCs
Tumor size (< 2 cm)
Tumor size (2-4 cm)
Tumor size (> 4 cm)

0.8
Survival probability

Survival probability

0.8

B

1.0

0.6
0.4
0.2

0.6
0.4
0.2

p=0.080

0

0

12

p=0.164

24

36
48
Time (mo)

72

0

12

24

36
48
Time (mo)

60

72

C

1.0

Extra-pancreatic DBDCs
Tumor size (< 2 cm)
Tumor size (2-4 cm)
Tumor size (> 4 cm)

0.8
Survival probability

60

0

0.6
0.4
0.2
p=0.039

0

0

12

24

36
48
Time (mo)

60

72

Fig. 4. Overall survival stratified by size-based criteria of distal bile duct carcinomas (DBDCs). All DBDCs (A), including
intra-pancreatic, extra-pancreatic, and both intra- and extra-pancreatic types. Intra-pancreatic (B) and extra-pancreatic (C)
DBDCs.

32.5%), and IIIA (17, 8.5%). Neither stages IIIB nor IV were
seen among our cases. The stage grouping of the new eighth
edition was a strong predictor of long-term outcome (p <
0.001) (Fig. 3A). By pairwise comparisons, the 5-YSR of stage
IIA patients was significantly better than that of stage IIB
patients (p < 0.001). However, other pairs of stage groupings
showed no significant differences in patient survival (stages
I and IIA, p=0.148; IIB and IIIA, p=0.691), corresponding to
the 5-YSRs of 59.0%, 52.4%, 12.9%, and 14.7% for patients
with stage I, IIA, IIB, and IIIA tumors, respectively. After
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simplifying the stage grouping, patients with stages II and
III tumors had a median survival of 31.6 and 17.0 months,
respectively. The median survival of patients with stage I
tumors had not been reached, because more than 50% of the
patient were still alive. Consequently, patients with higher
stage tumors tended to have significantly shorter survival
(p < 0.001) (Fig. 3B). When pairwise comparisons were performed, all pairs of stages were significantly correlated to
patient survival (stages I and II, p=0.002; II and III, p=0.015).
This corresponded to a 5-YSR of 35.4% and 14.7% for patients
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Table 4. Univariate and multivariate analysis of distal bile duct carcinoma patients
Variable
Location
Extra-pancreatic
Intra-pancreatic
Both intra- and extra-pancreatic
Growth pattern
Papillary
Nodular
Diffusely infiltrative
Size (cm)
<2
2-4
>4
Involvement of bile duct margin by cancer
Lymphovascular invasion
Pancreatic invasion
Duodenal invasion
T category (eighth AJCC)
T1 (< 5 mm)
T2 (5-12 mm)
T3 (> 12 mm)
N category (eighth AJCC)
N0
N1 (1-3)
N2 ( 4)

Univariate analysis
5-YSR (%)

HR

95% CI

23.2
44.7
0

0.6
1.4

0.4-1.0
0.3-5.9

55.6
64.8
30.6

1.2
2.9

0.4-3.6
1.1-7.8

54.6
35.4
25.0
18.2
33.9
33.9
32.2

1.5
2.1
2.1
1.5
3.4
1.9

0.9-2.5
1.1-4.0
1.4-3.1
1.1-2.2
2.0-5.9
1.3-2.9

59.3
42.4
12.2

2.3
5.2

1.2-4.3
2.6-10.1

47.3
17.0
14.7

2.5
3.1

1.7-3.8
1.7-5.6

Multivariate analysis
p-value
0.098
0.041a)
0.662
0.001a)
0.808
0.041a)
0.082
0.146
0.026a)
0.001a)
0.022a)
< 0.001a)
0.003a)
< 0.001a)
0.013a)
< 0.001a)
< 0.001a)
< 0.001a)
< 0.001a)

HR

95% CI

p-value

1.5
2.8

0.3-7.5
0.7-12.4

0.070
0.626
0.168

1.3
1.5
2.3
0.9

0.7-2.4
1.0-2.3
1.3-4.0
0.6-1.6

1.6
3.0

0.7-4.0
1.2-7.7

1.7
2.2

1.1-2.8
1.1-4.3

0.340
0.085
0.006a)
0.804
0.014a)
0.281
0.023a)
0.029a)
0.030a)
0.024a)

5-YSR, 5-year survival rate; HR, relative hazards ratio; CI, confidence interval; AJCC, American Joint Committee on Cancer.
a)
Statistically significant (p < 0.05).

with stage II and III tumors, respectively, and 59.0% for those
with stage I tumors.
On the contrary, survival of the seventh AJCC stage grouping is presented in Fig. 3C and D. As noted in Fig. 3C, the
seventh AJCC stage grouping also had a good ability to discriminate survival outcome in overall comparison. (p <
0.001). In brief, the 5-YSR of patients with stage IA tumors
(91.7%) was significantly better than that of patients with
stage IB (47.8%, p=0.032), and patients with stage IIA tumors
(41.0%) had significantly better 5-YSR than those with stage
IIB (17.4%, p < 0.001). However, no significant difference in
patient survival was observed between patients with stages
IB and IIA (p=0.487). After simplifying the stage grouping,
only stages I and II were identified. Finally, patients with
stage I tumors had a tendency for longer survival than those
with stage II tumors (p=0.002) (Fig. 3D), corresponding to a
5-YSR of 59.9% and 31.1% for patients with stage I and II
tumors, respectively.

6. Patient survival based on tumor size
Among patients with DBDCs (n=200), about two-thirds of
the tumors (132 cases, 66.0%) were between 2 and 4 cm in
size. Thirty-nine cases (19.5%) had tumors < 2 cm in size and
29 (14.5%) were > 4 cm. The patients with a tumor size < 2
cm had better 5-YSRs (54.6%) than those with tumors
between 2 and 4 cm (35.4%), which displayed no significant
difference in survival outcomes according to size-criteria
(p=0.080) (Fig. 4A).
Among intra-pancreatic type tumors (n=168), similar to the
above, 115 (68.4%) were between 2 and 4 cm in size. Twentyeight (16.7%) cases had tumors < 2 cm in size and 25 (14.9%)
were > 4 cm. Although we analyzed survival in patients with
intra-pancreatic type DBDCs only, we could not identify a
statistical significance in terms of size-based classification
(p=0.164) (Fig. 4B).
Conversely, among patients with extra-pancreatic type
tumors (n=30), larger tumor size (> 4 cm) was related to
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worse patient survival (p=0.039) (Fig. 4C). There were 11
(36.7%) tumors < 2 cm in size, 17 (56.7%) tumors between 2
and 4 cm, and 2 (6.6%) tumors that were > 4 cm. Both
patients with tumor size > 4 cm died before 1.4 years after
surgery. The 5-YSRs of patients with tumor size < 2 cm and
2 to 4 cm were 43.6% and 9.8%, respectively. By pairwise
comparison, a significant difference was seen between
patients with tumors between 2 and 4 cm in size and those
with > 4 cm (p=0.011); however, there was no significant difference in the survival of patients with tumors < 2 cm in size
and those between 2 and 4 cm (p=0.126).
7. Univariate and multivariate analyses
By univariate analysis, there were no significant differences in survival based on the following: age, sex, postoperative radiation therapy and/or chemotherapy, specified
location and size of the tumor, histologic subtype, differentiation, perineural invasion, and gallbladder involvement.
However, the following clinicopathologic factors were associated with worse survival of DBDC patients (Table 4): diffusely infiltrative growth pattern (p=0.001), involvement of
bile duct resection margin (p=0.001), the presence of lymphovascular (p=0.022), pancreatic (p < 0.001), and duodenal
invasions (p=0.003), and T and N categories (p < 0.001, each).
By multivariate analysis, lower T (p=0.014) and N (p=0.029)
categories and the absence of pancreatic invasion (p=0.006)
were good independent prognostic predictors of overall survival in DBDC patients.

Discussion
Our present study validates the new eighth edition of the
AJCC staging system in patients with DBDC and reveals that
it was superior to the seventh edition in terms of predicting
patient prognosis.
For any given malignancy, TNM staging is one of the most
powerful prognostic indicators of disease-specific survival.
In general, the pathologic T category is defined by anatomic
and histologic findings. The hollow viscus organs in the gastrointestinal tract have a well-defined anatomic layering, so
it is easier to clarify T classification by anatomic layering, for
example, the lamina propria, muscularis mucosa, submucosa, muscularis propria, subserosa, and serosa. However,
for the biliary tree, it is difficult to define the bile duct boundary with obvious anatomic descriptions owing to a thin wall,
sparse and incomplete smooth muscle, and abundant vascular and neural networks of periductal adipose tissue [8].
Moreover, particularly in cancer status, the bile duct bound-
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ary is commonly obscured by desmoplastic reactions and
inflammation, which makes the distinction between T2 and
T3 of the seventh edition AJCC more difficult in DBDC [7].
In addition to a problematic and unclear anatomic definition,
the T category of the seventh edition AJCC staging system
failed to reveal a significant relationship with patient outcome [7,13]. Conversely, the progressive new T category of
the eighth AJCC for DBDC can be applied objectively and
has shown reliable results in the prediction of patient outcome [9,12,13]. The predictive role of the T category of the
eighth edition AJCC staging system for DBDC in terms of
patient prognosis has been described in a few studies conducted in Western [9] and Eastern [13] countries. Previously,
our group proposed a new T category measuring the depth
of invasion in DBDCs and demonstrated its strong correlation with patient survival [9]. A validation study by Moon et
al. [13] also reported that the T category of the eighth AJCC
for DBDC was significantly associated with patient survival
(p < 0.001) [13]. However, they did not observe a difference
in survival among patients with T2 and T3 tumors (p=0.16),
albeit differences were observed between T1 and T2 tumors
(p=0.004). On the contrary, we revealed that the T category
of the eighth AJCC staging system for DBDC discriminated
patient survival in both pairwise (T1 and T2, p=0.011; T2 and
T3, p < 0.001) and overall (p < 0.001) comparisons. This discrepancy may be related to the small number of T3 cases
(13/117, 11.7%) analyzed in the previous study [13].
We also evaluated survival difference by Gonzalez’s sizebased criteria for staging in our DBDC cases, but could not
find any survival differences. Based on our observations, the
sized-based proposal by Gonzalez et al. [1] did not segregate
patient survival of DBDCs. This result suggested that a T category based on invasion depth has more important survival
implications than a T category based on cancer size in DBDCs,
similar to T categories of other hollow viscus organs, such as
stomach and colorectal cancers.
Several groups demonstrated a minimum of 10 lymph
nodes should be examined for the precise evaluation of nodal
status of DBDCs [13,21]. Schwartz and Smith analyzed the
Surveillance, Epidemiology, and End Results (SEER) data
and demonstrated that patient survival was strongly influenced by the total examined lymph node count [21]. Moon
et al. [13] evaluated various cut-off values according to the
number of total lymph nodes examined using 111 cases and
revealed the cut-off value was 10 (1 to 9 vs.  10 of total number of nodes assessed) for differentiating patient survival
time [13]. On the contrary, our group previously concluded
that increasing retrieval of nodes does not affect patient survival in EBD carcinomas, but this study contained both perihilar cholangiocarcinomas and DBDCs and did not discriminate patient survival [22]. Therefore, we investigated the
difference in patient survival time between groups with 1 to
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1.0

Group 1 (no nodal metastasis)
Group 2 (1-4 nodal metastasis)
Group 3 (≥ 5 nodal metastasis)

Survival probability

0.8
0.6
0.4
0.2
p < 0.001

0

0

12

24

36
48
Time (mo)

60

72

Fig. 5. Overall survival stratified by number of metastatic
lymph nodes.

9 and 10 or more lymph nodes examined, using our present
cases; however, no statistically significant differences were
observed between the two groups (p=0.670, data not shown).
Including our present study, several previous studies
demonstrated the prognostic significance of the 3 tiered N
category [13,22,23,25]. In present study, we observed significant survival differences among DBDC patients based on N
category of the eighth AJCC staging system in overall comparison and in pairwise comparison between N0 and N1
patients, similar to the previous studies [13,22,23,25]. However, there are discrepant results of patients’ survival
between N1 and N2 groups. We did not find significant survival difference between N1 and N2 patients, which was concordant with that of Kang et al.'s study [25]. However,
different with the present study, previous results of Moon et
al. [13] and Kiriyama et al. [23] demonstrated significant differences in survival between patients with N1 and N2 tumors
[13,23]. Due to this discrepancy in patients’ survival analysis
between N1 and N2 groups, further multi-center studies
with large number of cases are required for validating N category of the eighth AJCC staging system.
Our group previously proposed a different cutoff for nodal
classification, comprising group 1 (no nodal metastasis),
group 2 (1-4 nodal metastases), and group 3 ( 5 nodal metastases) [22]. However, our previous study included both perihilar cholangiocarcinomas and DBDCs [22]. We divided our
present cases into group 1 (133 cases, 66.5%), group 2 (55,
27.5%), and group 3 (12, 6.0%) according to our previously
proposed criteria for the N category, and demonstrated a statistically significant difference between three groups, similar

to results of the N category of the eighth edition (p < 0.001)
(Fig. 5). The median survival times of the patients in groups
2 and 3 (18.0 and 17.0 months, respectively) were shorter
than that of patients in group 1 (51.8 months; p < 0.001, each).
Meanwhile, there was no significant difference in survival
time between the patients in groups 2 and 3 (p=0.765), similar
to the results of the N category of the eighth edition. Consequently, further studies are needed to enhance the predictive
role of the N category of DBDCs in terms of patient prognosis.
A few previous studies validated T category of the eighth
AJCC staging scheme of DBDCs [13,25]. Moon et al. [13]
demonstrated the superiority of the eighth edition to the seventh edition for predicting patient prognosis, similar to our
study. Kang et al. [25] also reported significant survival differences of both pair-wise (T1 vs. T2, T2 vs. T3) and overall
comparisons of the eighth edition of the AJCC staging
scheme, while no survival difference was observed between
T1 and T2 comparison of the seventh edition scheme. In concordance with the previous reports, the results of the present
study strongly support that the T category of the eighth edition scheme can discriminate DBDC patients’ survival better
than the previous scheme.
On applying the depth of invasion in DBDCs, there are
important things which pathologists and clinicians should
be considered. For the pathologists, invasion to adjacent
organs, such as direct spread into the pancreas, duodenum,
gallbladder, colon, stomach, or omentum, are recommended
to be reported in addition to T category, which was descried
in the eighth edition AJCC cancer staging manual [14]. For
the clinicians, currently preoperative radiologic evaluation
for T category of DBDCs is not available due to lack of pathologic-radiologic correlation of depth of invasion of DBDCs.
Therefore, further studies of pathologic-radiologic correlation of depth of invasion of DBDCs are required.
Our study has a few limitations. First, the present study
was a single institutional study and included 200 cases.
Although 200 cases were not small case number for statistical
analysis, further multi-institutional or multi-national studies
with larger number of cases and longer follow-up period are
required for more solid conclusion. Second, no T4 cases were
seen in the present study, because all included cases were
only surgically resected cases. Therefore, the further study
including both surgically resected and unresectable cases is
required for survival comparisons between T3 and T4
groups.
In summary, the current eighth edition of the AJCC cancer
staging system for DBDCs changed the T and N categories,
which enhanced its ability to discriminate patient survival
beyond that of the previous scheme of the seventh edition.
Further changes are needed for better survival estimation in
patients with DBDCs.
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Purpose
The purpose of this study was to develop Korean versions of the National Comprehensive
Cancer Network/Functional Assessment of Cancer Therapy (NCCN-FACT) Ovarian Symptom
Index-18 (NFOSI-18) and FACT/Gynecologic Oncology Group (FACT-GOG) Neurotoxicity
4-item (NTX-4), evaluating their reliability and reproducibility.
Materials and Methods
In converting NFOSI-18 and NTX-4, the following steps were performed: forward translation,
backward translation, expert review, pretest of preliminary format, and finalization of Korean
versions (K-NFOSI-18 and K-NTX-4). Patients were enrolled from six institutions where each
had completed chemotherapy for ovarian, tubal, or peritoneal cancer at least 1 month earlier.
In addition to demographics obtained by questionnaire, all subjects were assessed via
K-NFOSI-18, K-NTX-4, and a Korean version of the EuroQoL-5 Dimension. Internal structural
validity and reliability were evaluated using item internal consistency, item discriminant
validity, and Cronbach's . To evaluate test-retest reliability, K-NFOSI-18 and K-NTX-4 were
readministered after 7-21 days, and intraclass correlation coefficients (ICCs) were calculated.
Results
Of the 250 women enrolled during the 3-month recruitment period, 13 withdrew or did not
respond, leaving 237 (94.8%) for the analyses. Mean patient age was 54.3±10.8 years.
Re-testing was performed in 190 patients (80.2%). The total K-NFOSI-18 and K-NTX-4 scores
were 49 (range, 20 to 72) and 9 (range, 0 to 16), respectively, with high reliability (Cronbach's =0.84 and 0.89, respectively) and reproducibility (ICC=0.77 and 0.84, respectively)
achieved in retesting.
Conclusion
Both NFOSI-18 and NTX-4 were successfully developed in Korean with minimal modification.
Each Korean version showed high internal consistency and reproducibility.
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Introduction

Materials and Methods

In the United States alone, approximately 22,440 new cases
of ovarian cancer and 14,080 related deaths were recorded
for 2015 [1]. The incidence of ovarian cancer, which is now
1.5% annually in Korea [2], continues to climb. Ovarian cancer is typically diagnosed at an advanced stage of the disease
(in more than 70% of patients). Relapse is common after firstline treatment, and prolonged therapeutic intervention is
usually required [3,4]. Quality of life (QoL) is thus included
with survival as an endpoint in clinical trials. However, there
is scant evidence from the numerous studies conducted to
date that palliative chemotherapeutic regimens administered
for platinum-resistant ovarian cancer actually improve
symptom control [5].
The National Comprehensive Cancer Network (NCCN)–
Functional Assessment of Cancer Therapy (FACT) Ovarian
Symptom Index-18 (NFOSI-18), developed in the United
States in 2011, helps assess symptoms that patients with
advanced ovarian cancer may experience [6]. It is based on
three subscales: disease-related symptoms, treatment-related
symptoms, and general function/well-being Preliminary
reliability indicators suggest good internal consistency, with
a Cronbach's  of 0.80. NFOSI-18 and its subscales have
demonstrated significant positive associations with performance status. In a recent study validating the content of
NFOSI-18, approximately 90% of participants rated each item
as clear and understandable [7]. However, NFOSI-18 lacks a
neurotoxicity subscale, and 18% of patients rendered spontaneous reports of neuropathy during open-ended questioning regarding symptoms. The FACT/Gynecology Oncology
Group (GOG) Neurotoxicity 4-item (NTX-4) survey is a validated tool for assessing platinum/paclitaxel-induced neurologic symptoms [6,7].
The Korean Gynecology Oncology Group (KGOG) is considering participating in international GOG collaborative trials that use NFOSI-18 and NTX-4. As there are currently no
validated Korean versions of these questionnaires, development and evaluation of Korean versions (K-NFOSI-18 and
K-NTX-4) are required. Accordingly, the goals of this study
were to adapt the existing NFOSI-18 and NTX-4 for Korean
women and to evaluate the reliability and reproducibility of
these adaptations.

1. Study population
This multicenter study, involving six institutions (Seoul
National University Hospital, National Cancer Center, Seoul
National University Bundang Hospital, Asan Medical Center, Samsung Medical Center, and Gangnam Severance Hospital), was conducted between August 2016 and October
2016. Participants were recruited by the respective Departments of Obstetrics and Gynecology and were consecutively
enrolled. Inclusion criteria were as follows: (1) age 18 years
or older; (2) diagnosis of ovarian, fallopian tube, or primary
peritoneal cancer; (3) prior treatment with adjuvant chemotherapy or radiotherapy; and (4) ability to speak and understand the Korean language. Chemotherapeutic treatment
within the 1 month prior to study enrolment, inability to
understand the questionnaires, and refusal to participate
were the criteria for exclusion.
The collected patient data included demographic variables
(age, marital status, educational level, state of employment,
family income, smoking/drinking habits, exercise activity,
menopausal status, height, and weight) and disease characteristics (cancer stage, grade, duration of treatment, and
recurrence status). To assess test-retest reliability, the questionnaires initially administered to patients were repeated in
the same subjects 7-21 days later. All patients were asked to
participate in this retesting. The Korean version of the EuroQoL-5 Dimension (K-EQ5D) questionnaire was also administered at the same time as the initial administration of
K-NFOSI-18 and K-NTX-4 [8].
2. NFOSI-18 and NTX-4 questionnaires
Following baseline interviews, patients completed a
Korean version of NFOSI-18 (K-NFOSI-18). NFOSI-18 consists of 18 items with four dimensions: disease-related symptoms, physical (nine items); disease-related symptoms,
emotional (one item); treatment side effects (five items); and
function/well-being (three items). Each item is scored from
0 (“not at all”) to 4 (“very much”) [6].
Following baseline interviews, patients also completed a
Korean version of NTX-4 (K-NTX-4) [9]. NTX-4 consists of
these four items: numbness or tingling in the feet, numbness
or tingling in the hands, discomfort in the feet, and discomfort in the hands. Each item is scored from 0 (“not at all”) to
4 (“very much”).
K-NFOSI-18 and K-NTX-4 were developed through forward translation, backward translation, and discussion. Two
independent researchers translated K-NFOSI-18 and K-NTX4 into Korean, and a bilingual (English and Korean)
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Table 1. Demographic and disease characteristics of study
population

Table 1. Continued

Characteristic

Grade (missing=15)
1
2
3
4
Chemotherapy regimens
Paclitaxel+carboplatin
BEP
Recurrence or metastasis
Yes
No

No. (%) (n=237)

Age, mean±SD (yr)
54.27±10.75
Marital status
Single
26 (11.0)
Married
191 (80.6)
Divorced
9 (3.8)
Widowed
11 (4.6)
Educational level (missing=2)
Elementary school or less
17 (7.3)
Middle school
20 (8.5)
High school
72 (30.6)
College or above
126 (53.6)
Employment (missing=1)
Employed
67 (28.4)
Unemployed
169 (71.6)
Family income (1,000 won/mo) (missing=10)
< 200
47 (20.7)
200-300
43 (18.9)
300-400
41 (18.1)
400-500
39 (17.2)
> 500
57 (25.1)
Smoking
Current
3 (1.3)
Past
11 (4.6)
Nonsmoker
223 (94.1)
Drinking (missing=1)
> 4 times/wk
0(
2-3 times/wk
3 (1.3)
Once/wk
17 (7.2)
Nondrinker
216 (91.5)
Regular exercise
Yes
130 (54.9)
No
107 (45.1)
Menopausal status
Yes
216 (91.1)
No
21 (8.9)
Height, mean±SD (cm)
157.88±6.17
Weight, mean±SD (kg)
57.86±8.12
Treatment duration (missing=6),
5 (1-38)
median (min-max, mo)
FIGO stage
1
81 (34.6)
2
30 (12.8)
3
90 (38.5)
4
27 (11.5)
Unknown
6 (2.6)

(Continued)
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Characteristic

No. (%) (n=237)
20 (9.0)
54 (24.3)
137 (61.7)
11 (5.0)
230 (97.0)
7 (3.0)
61 (25.7)
176 (74.3)

SD, standard deviation; min, minimum; max, maximum;
FIGO, International Federation of Gynecology and Obstetrics; BEP, bleomycin+etoposide+cisplatin.

researcher performed backward translation. The first Korean
version was reviewed by a scholar of Korean literature. In
September 2016, ten patients with ovarian cancer participated in a pilot test of both surveys at the Seoul National University Hospital. Based on the pilot results, item 13 (“I am
bothered by side effects of treatment”) was modified because
the question was incomprehensible in the Korean language
for two patients. Once revised, the finalized versions were
administered to study participants at each hospital as interviewer-assisted self-report questionnaires.
3. Data analysis
Categorical variables were expressed as frequency (%) and
continuous variables as mean±standard deviation or median
(range). To test the validity and reliability of questionnaires,
item-level and dimension-level analyses were performed. In
item-level evaluations, item internal consistency (IIC), and
item discriminant validity (IDV) served as indices of internal
structural validity. IIC reflects correlation between an item
and all companion items in the same dimension, whereas
IDV measures how well an item correlates with items in the
same dimension, compared with items in other dimensions.
In dimension-level evaluations, reliability was evaluated via
Cronbach's , based on the total score or dimension score (in
dimensions with more than two items). Reproducibility was
evaluated through test-retest reliability and indicated by the
intraclass correlation coefficient (ICC). The NFOSI-18 scoring
guidelines ver. 2 (S1 Fig.) and NTX scoring guidelines ver. 4
(S2 Fig.) were used to calculate dimension scores. Responses
were inverse-coded in K-NFOSI-18 and K-NTX-4, except for
five questions in K-NFOSI-18 (C3, GF5, BMT5, GF3, and

K-NFOSI-18, Korean versions of the National Comprehensive Cancer Network/Functional Assessment of Cancer Therapy (NCCN-FACT) Ovarian Symptom
Index-18; K-NTX-4, FACT/Gynecologic Oncology Group (FACT-GOG) Neurotoxicity 4-item; IIC, item internal consistency; IDV, item discriminant validity; ICC,
intraclass correlation coefficient; DRS, disease-related symptoms. a)Calculated from second-round questionnaires (n=190).

0.84
0.89
12.24
3.80
9 (0 to 16)
4
237

-

0.74
0.73
0.88
0.84
1.69
12.71
22.78
18.99
1.69
0
14.41
0
5.06
0
24 (7 to 36)
2 (0 to 4)
16 (4 to 20)
9 (0 to 12)
49 (20 to 72)
88.9
100
100
–0.04 to 0.47
0.07 to 0.5
0.09 to 0.37
0.06 to 0.63
0.42 to 0.63
0.71 to 0.86
9
1
5
3
18
237
236
237
237
237

K-NFOSI-18
DRS-Physical (0-36)
DRS-Emotional (0-4)
Treatment side effects (0-20)
Function/Well-being (0-12)
Total score (0-72)
K-NTX-4
Neurotoxicity (0-16)

Ceiling (%) Cronbach's 
Floor (%)
Median scale
scores (min-max)
IDV (%)
IDV
(min-max)
IIC
(min-max)
Items

During the 3-month recruitment period, 250 women were
enrolled in the study. The main analyses were limited to 237
patients (94.8%), after excluding withdrawals and nonresponses. Re-testing without missing data was conducted
in 190 patients (80.2%). Table 1 displays socio-demographic
and clinical characteristics of the study subjects. The mean
age was 54.27±10.75 years, with most patients registered as
non-smokers, non-drinkers, and menopausal. More than half
of the patients (55%) exercised regularly. The median duration of treatment was 5 months. Paclitaxel-carboplatin based
chemotherapy was received by 97% of patients. Cancer
stages were distributed as follows: stage 1, 81/237 (34.6%);
stage 2, 30/237 (12.8%); stage 3, 90/237 (38.5%); and stage 4,
27/237 (11.5%). The overall rate of cancer relapse was 25.7%.
Each item in K-NFOSI-18 and K-NTX-4 was determined
according to the time of occurrence (i.e., within the previous
7 days). Median total scores for first-round survey administration were 49 (range, 20 to 72) and 9 (range, 0 to 16), respectively. The most frequent symptom was nausea (100%),
followed by cramping (99.6%), vomiting (99.6%), swelling of
the stomach area (97.9%), feeling ill (97.9%), lack of energy
(97.9%), pain (97%), constipation (96.6%), and skin problems
(95.7%). Numbness or tingling sensations affected the hands
(91.9%) more commonly than the feet (77.6%).
Table 2 provides a summary of structural validity, reliability, and reproducibility of K-NFOSI-18 and K-NTX-4.

No.

Results

Dimension

The institutional review boards of each contributing institution (Seoul National University Hospital: IRB#1607-206782, National Cancer Center: IRB#2016-0194, Seoul National
University Bundang Hospital: IRB#1608-358-305, Asan Medical Center: IRB#2016-0831, Samsung Medical Center: IRB#
2016-07-087, and Gangnam Severance Hospital: IRB#3-20160163) approved the study protocol, and all participants provided written informed consent.

Table 2. Internal structural validity, reliability, and reproducibility of K-NFOSI-18 and K-NTX-4 for the first-round questionnaires

4. Ethical statement

ICCa)

GF7), so that higher scores would represent better performance in both scores. Spearman’s correlation coefficient was
calculated to evaluate the external validity of K-NFOSI-18,
K-NTX-4, and K-EQ5D scores. Differences in K-NFOSI-18
and K-NTX-4 scores according to recurrence status were
compared using the Wilcoxon rank sum test to measure discriminant validity. All reported p-values were two-sided,
with statistical significance set at p < 0.05. Statistical analyses
were performed using R project freeware (ver. 3.3.2).

0.75
0.67
0.59
0.53
0.77
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Table 3. Correlation between K-NFOSI-18 and K-NTX-4 scores
Dimension

NTX 1

NTX 2

NTX 3

NTX 4

K-NTX-4 total

DRS-Physical (0-36)
DRS-Emotional (0-4)
Treatment side effects (0-20)
Function/Well-being (0-12)
Total NFOSI-18 score (0-72)

0.291
0.143
0.340
0.250
0.331

0.217
0.120
0.266
0.231
0.274

0.275
0.066
0.314
0.266
0.317

0.281
0.091
0.222
0.219
0.281

0.308
0.121
0.330
0.272
0.348

Data are Spearman’s correlation coefficients for all dimension values. K-NFOSI-18, Korean versions of the National Comprehensive Cancer Network/Functional Assessment of Cancer Therapy (NCCN-FACT) Ovarian Symptom Index-18; K-NTX4, FACT/Gynecologic Oncology Group (FACT-GOG) Neurotoxicity 4-item; DRS, disease-related symptoms.

Table 4. Correlation between K-EQ5D items and VAS with K-NFOSI-18 scores
Dimension

DRSPhysical

DRSEmotional

Treatment
side effects

Function/
Well-being

K-NFOSI-18
total

Mobility
Self-care
Usual activities
Pain/Discomfort
Anxiety/Depression
VAS

–0.292
–0.252
–0.381
–0.421
–0.351
0.510

–0.102
–0.091
–0.245
–0.121
–0.487
0.357

–0.209
–0.190
–0.354
–0.232
–0.376
0.301

–0.320
–0.294
–0.444
–0.250
–0.255
0.313

–0.324
–0.295
–0.480
–0.374
–0.434
0.500

Data are Spearman’s correlation coefficients for all dimension values. K-EQ5D, Korean EuroQoL-5 Dimension survey; VAS,
Visual Analogue Scale; K-NFOSI-18, Korean versions of the National Comprehensive Cancer Network/Functional Assessment of Cancer Therapy (NCCN-FACT) Ovarian Symptom Index-18; DRS, disease-related symptoms.

Table 5. Correlation between K-EQ5D items and VAS with K-NTX-4 scores
Dimension

NTX 1

NTX 2

NTX 3

NTX 4

K-NTX-4 total

Mobility
Self-care
Usual activities
Pain/Discomfort
Anxiety/Depression
VAS

–0.399
–0.237
–0.340
–0.423
–0.168
0.314

–0.383
–0.205
–0.370
–0.371
–0.134
0.363

–0.352
–0.277
–0.369
–0.409
–0.200
0.317

–0.475
–0.263
–0.416
–0.460
–0.128
0.422

–0.471
–0.287
–0.435
–0.482
–0.178
0.411

Data are Spearman’s correlation coefficients for all dimension values. K-EQ5D, Korean EuroQoL-5 Dimension survey; VAS,
Visual Analogue Scale; K-NTX-4, FACT/Gynecologic Oncology Group (FACT-GOG) Neurotoxicity 4-item.

K-NFOSI-18 exhibited high internal consistency and reliability (Cronbach's =0.84), with good reproducibility in re-testing: disease-related symptoms, physical (ICC=0.75); diseaserelated symptoms, emotional (ICC=0.67); treatment side
effects (ICC=0.59); function/well-being (ICC=0.53); and total
score (ICC=0.77). K-NTX-4 also showed high reliability
(Cronbach's =0.89) and reproducibility (ICC=0.84).
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Table 3 lists the Spearman correlation coefficients for comparisons among K-NFOSI-18, K-NTX-4, and K-EQ5D scores
for the first-round survey administration. There was weak
positive correlation between total K-NFOSI-18 and K-NTX4 scores (Spearman correlation coefficient=0.348) (Table 3).
K-EQ5D items showed weak-to-moderate correlation with
K-NFOSI-18 and K-NTX-4 (Tables 4 and 5). K-EQ5D incor-

Maria Lee, Ovarian Symptom Index Korean Version

porates five dimensions with three levels, generating one
continuous score (Visual Analogue Scale). Correlation coefficients were negative because lower scores imply better status in K-EQ5D, whereas lower scores imply poorer status in
K-NFOSI-18 and K-NTX-4 (Tables 4 and 5).

Discussion
In the present study, we developed reliable and reproducible Korean versions of standard NFOSI-18 and NTX-4
surveys (Cronbach's =0.84 and 0.89, respectively; ICC=0.77
and 0.84, respectively). Furthermore, there was positive correlation between total K-NFOSI-18 and K-NTX-4 scores.
A variety of validation tools are used to measure QoL in
gynaecologic cancers, but they do not always align with the
specific problems of patients with ovarian cancer [10,11].
Recently, ovarian cancer trials have added QoL as a secondary end-point [12,13], so tailoring questionnaires to specific
countries for international use is assuming greater importance. The clinical impact of QoL is addressed in only 30% of
such queries because of methodologic issues [14], underscoring the need to adopt Korean versions of the NFOSI-18 and
NTX-4.
In this study, > 95% of patients exhibited disease-related
symptoms in the physical realm; these were more common
than emotional symptoms. In the dimension of treatment
side effects, patients consistently experienced nausea (100%)
and vomiting (99.6%). However, by adding neurologic
symptoms to the body of questions, we found that most
patients (87%) experienced neurotoxicity as well, more often
involving the hands than the feet. Although patients were
excluded if they received chemotherapy within 1 month of
study onset, it seems to contain a large number of patients
currently on the chemotherapy course.
A distinct advantage of the present study is its large-scale,
multicenter design. Furthermore, the short time required to
complete the questionnaires (< 10 minutes) greatly encouraged compliance. Hence, the combined instrument (K-NFOSI-18 and K-NTX-4) may not be burdensome for patients.
Although the ICC for constipation scoring in the K-NFOSI18 was < 0.80, ICCs for most subscales and single items displayed good reproducibility. With ICC values of 0.7 or
higher, two repeated test results may be expected to lie with
a probability of 95%. These findings indicate that the Korean
version of NFOSI-18 is a stable adaptation. In discriminant
validity analysis, a result greater than 0.85, indicates that the
two constructs overlap greatly and are likely measuring the
same thing. In our study, IDV values were 88.9 to 100, indicating that K-NFOSI-18 and K-NTX-4 have good discrimi-

nant validity.
Previous studies have reported worse QoL in patients with
disease recurrence [4,15-17]. However, other investigators
have shown opposite results, generating controversy [18,19].
The present study confirmed (as expected) that patients with
(vs. without) recurrence differed in terms of function/wellbeing scores. However, other dimensions, including diseaserelated symptoms and treatment side effects, showed no
significant relationship with disease status.
Some study limitations are acknowledged. We did not
assess changes in QoL over time, during chemotherapeutic
cycles, or during multiple treatment cycles and courses. In
addition, no patients hospitalized after surgery or chemotherapy were similarly surveyed to generate comparative
results. Another limitation was the possibility that patients
with symptoms may have been more likely to agree to participate in the study, leading to over-estimation of symptom
rates. However, we chose the same inclusion criteria as those
used in the study for which NFOSI-18 was first applied.
In conclusion, Korean versions of the NFOSI-18 and NTX4 questionnaires were successfully developed and demonstrated high internal consistency and reproducibility in the
test population. Few modifications were required. Further
efforts are required to address their reliability and validity
in clinical research.
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Randomized Phase III Trial of Irinotecan Plus Cisplatin versus
Etoposide Plus Cisplatin in Chemotherapy-Naïve Korean Patients
with Extensive-Disease Small Cell Lung Cancer
Purpose
This randomized phase III study was designed to compare the efficacy and safety of irinotecan plus cisplatin (IP) over etoposide plus cisplatin (EP) in Korean patients with extensivedisease small-cell lung cancer (SCLC).
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Materials and Methods
Patients were randomly assigned to receive IP, composed of irinotecan 65 mg/m2 intravenously on days 1 and 8+cisplatin 70 mg/m2 intravenously on day 1 every 3 weeks, or EP,
composed of etoposide 100 mg/m2 intravenously on days 1, 2, 3+cisplatin 70 mg/m2 intravenously on day 1, every 3 weeks for a maximum of six cycles, until disease progression, or
until unacceptable toxicity occurred. The primary endpoint was overall survival.
Results
A total of 362 patients were randomized to IP (n=173) and EP (n=189) arms. There were
no significant differences between IP and EP arms for the median overall survival (10.9
months vs. 10.3 months, p=0.120) and the median progression-free survival (6.5 months
vs. 5.8 months, p=0.115). However, there was a significant difference in response rate
(62.4% vs. 48.2%, p=0.006). The pre-planned subgroup analyses showed that IP was
associated with longer overall survival in male (11.3 months vs. 10.1 months, p=0.036),
< 65 years old (12.7 months vs. 11.3 months, p=0.024), and Eastern Cooperative Oncology
Group performance status 0/1 (12.4 months vs. 10.9 months, p=0.040) patient groups.
The severity of treatment-related adverse events such as grade 3/4 anemia, nausea and
diarrhea was more frequent in patients treated with IP.

*A list author’s aliations appears at the end
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Conclusion
The IP chemotherapy did not significantly improve the survival compared with EP chemotherapy in Korean patients with extensive-disease SCLC.
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Introduction

Materials and Methods

Lung cancer is one of the leading causes of the cancerrelated deaths [1,2]. Approximately 15% of new cases of lung
cancer are diagnosed with small cell lung cancer (SCLC) [3].
Most patients with SCLC present with hematogenous metastases, and approximately two-thirds of the patients present
with extensive disease. Despite the substantial initial sensitivity of SCLC to chemotherapy, a majority of patients with
extensive-disease (ED) SCLC eventually die within 1 year of
initial diagnosis as a result of the relapse. Thus, both new
regimens and alternative doses and schedules are considered
to be treatment options for patients with ED SCLC.
The platinum-based chemotherapy consisting of etoposide
and cisplatin (EP) has been the standard therapy for
ED-SCLC for decades [4-7]. The response rates typically
achieved with EP regimen ranged from 60% to 80% with
median overall survival (OS) of 8 to 10 months. Preliminary
studies with irinotecan hydrochloride, a topoisomerase I
inhibitor, revealed the promising outcome against SCLC and
the subsequent phase II study with irinotecan and cisplatin
reported a complete response rate of 29% and an overall rate
of 86% in patients with ED SCLC [8,9]. Based on these initial
reports, the Japanese Cooperative Oncology Group (JCOG)
conducted a phase III study to compare the efficacy and toxicity of irinotecan plus cisplatin (IP) versus EP as the firstline of chemotherapy for ED-SCLC [10,11]. Median OS and
1-year survival rate were significantly higher with IP than
with EP (median survival for IP vs. EP, 12.8 vs. 9.4 months,
and 1-year survival rate, 58.4% vs. 37.7%). The severe toxicity
in the IP arm was grade 3/4 diarrhea whereas the severe
myelosuppression was observed more frequently in the EP
arm.
Despite this positive role of IP for ED SCLC, two subsequent large-scale phase III trials failed to confirm the superior outcome of IP over EP in the United States, Australia,
and Canada [12-14]. The cause of inconsistent result for IP
regimen between Japanese and Western populations has not
been elucidated yet. One possible cause is the pharmacogenetic difference of irinotecan between Asian and Western
population. Based on the rationale that Korean and Japanese
population might share substantial degree of pharmacogenetic profile compared to Western population, we hypothesized that the efficacy of IP in Korean patients with ED SCLC
might be superior to that of EP. To test this hypothesis, we
conducted the phase III trial to evaluate the efficacy and
safety of IP versus EP regimen for chemotherapy naïve
patients with ED SCLC in Korea.

1. Study population
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We conducted a randomized, multi-center, phase III trial
to compare the efficacy and safety of IP and EP for chemotherapy naïve patients with ED SCLC (ClinicalTrials.gov
Identifier: NCT00-349492).
Eligible criteria were as follows: histologically or cytologically confirmed SCLC; extensive-stage disease (defined as
presence of either distant metastasis, contralateral hilar
lymph node involvement, or cytologically proven malignant
pleural effusion); chemotherapy naïve; Eastern Cooperative
Oncology Group performance status (ECOG PS)  2; age
 18 years; measurable lesions on computed tomography or
magnetic resonance imaging as defined by Response Evaluation Criteria in Solid Tumors (RECIST) ver. 1.0; adequate
function of bone marrow (absolute neutrophils count  1,500
/mm3, white blood cell  4,000/mm3, and platelet count
 100,000/mm3, hemoglobin  9.0 g/dL), liver (bilirubin level
 1.5 the upper limit of normal [ULN], and aminotransferase and alanine aminotransferase  2.5ULN or  5ULN
if liver metastases were present), and kidney (creatinine level
 1.5ULN). Patients with known brain metastases were
eligible if they were asymptomatic or neurologically stable
without steroids after surgery or radiotherapy.
Patients were excluded if they had another malignancy
except cured basal cell carcinoma or cured uterine cervical
carcinomas in situ within 5 years. The patients with the following conditions were also excluded; had a history of significant cardiovascular disease, serious lung disease, metabolic disease, and serious active infection, had impaired mental status, had enrolled in other study within 30 days, and if
they were pregnant and breast-feeding.
2. Treatment and evaluation
Patients were randomly assigned to receive either IP or EP
and were stratified by ECOG PS (0, 1 vs. 2) and the treating
institutes. The IP regimen consisted of irinotecan 65 mg/m2
intravenously on days 1 and 8 and cisplatin 70 mg/m2 intravenously on day 1 every 3 weeks. The EP regimen consisted
of etoposide 100 mg/m2 intravenously on days 1, 2, 3 and
cisplatin 70 mg/m2 intravenously on day 1 every 3 weeks.
Treatment in each arm was repeated for a maximum of six
cycles. Primary prophylactic use of granulocyte-colony stimulating factor (G-CSF) was not allowed before the first cycle
of treatment, but secondary prophylactic use of G-CSF after
neutropenia was allowed. Prophylactic cranial irradiation
after completion of study treatment and crossover treatment
after disease progression were allowed based upon investi-
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gator’s discretion.
Toxicity was evaluated after each cycle according to
National Cancer Institute Common Toxicity Criteria ver. 3.0
[15]. Patients were evaluated for response according to
RECIST ver. 1.0 guideline [16].
3. Statistical methods
The primary objective of this study was to compare the OS
in patients with extensive stage small-cell lung cancer treated
with EP (standard arm) with that in comparable patients
treated with the IP (experimental). IP would be judged
superior to the standard if the true increase in median OS
was 3.0 months. We used Freedman’s sample size formula
for log-rank statistic assuming that the hazard ratio (HR) is
constant throughout the trial [17]. A total of 333 events were
required to demonstrate a significant superiority of OS with
an  of 5% and a power of 80% at final analysis, using a onesided stratified log-rank test. Assuming that the expected
survival rate will be 5.2% at 18 months in the standard arm,
a total of 362 patients were calculated. Planned interim analysis was conducted at the time of 166 events (50% of target
events) occurred. 1=0.0055 and 2=0.0482 were used by
O’Brien Flemming method. OS and progression-free sur-

vival (PFS) were calculated using the Kaplan-Meier method
and log-rank test was employed to compare survival rates.
HR was presented together with the 90% two-sided confidence interval. OS was calculated from the day of start of
treatment until death by any cause; surviving patients were
censored at the last date of follow-up. PFS was calculated
from the day of treatment until disease progression or death
from any cause. Efficacy was analyzed on intention-to-treat
population. Exploratory subgroup analysis was planned to
be conducted by considering factors such as sex, age, and
ECOG status.
4. Ethical statement
The study was approved by the Institutional Review
Boards of participating institutions (Seoul National University Hospital, Seoul; Gyeongsang National University Hospital, Jinju; Yonsei Cancer Center, Yonsei University College
of Medicine, Seoul; Samsung Medical Center, Seoul; St. Vincent’s Hospital, The Catholic University of Korea, Suwon;
Chung-Ang University College of Medicine, Seoul; Veterans
Health Service Medical Center, Seoul; Seoul St. Mary’s Hospital, Seoul; Yeungnam University Medical Center, Daegu;
Asan Medical Center, Seoul; Daegu Catholic University Hos-

Table 1. Baseline characteristics
Characteristic
Age, median (range, yr)
Sex
Male
Female
ECOG PS
0
1
2
Bone metastasis
Absent
Present
Not evaluated
Brain metastasis
Absent
Present
Not evaluated
Palliative RT
No
Yes

Irinotecan plus
cisplatin (n=173)

Etoposide plus
cisplatin(n=189)

p-value

66 (47-80)

65 (36-81)

0.128a)

151 (87.2)
22 (12.7)

177 (93.6)
12 (63.5)

0.038b)

16 (9.2)
132 (76.3)
25 (14.4)

19 (10.0)
141 (74.6)
29 (15.3)

0.930b)

61 (35.2)
106 (61.2)
6 (3.5)

71 (37.6)
113 (59.8)
5 (2.6)

0.690b)

70 (40.4)
47 (27.1)
56 (32.3)

75 (39.7)
50 (26.4)
64 (33.9)

0.978b)

161 (93.0)
12 (6.9)

174 (92.0)
15 (7.9)

0.717b)

Values are presented as number (%) unless otherwise indicated. ECOG PS, Eastern Cooperative Oncology Group performance status; RT, radiation therapy. a)Wilcoxon rank sum test, b)Chi-square test.
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IP (n=173)
Events, n (%)
Median (mo)
HR (90% CI)
p(log-rank)

75

161 (93)
175 (93)
10.3
10.9
0.879 (0.734-1.054)
0.120

50

25

0

0

10

20
Time (mo)

30

100

EP (n=189)

40

Survival probability (%)

Survival probability (%)

100

IP (n=173)
Events, n (%)
Median (mo)
HR (90% CI)
p(log-rank)

75

EP (n=189)

169 (98)
184 (97)
5.8
6.5
0.846 (0.709-1.008)
0.115
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0

0

10

20
Time (mo)

30
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Fig. 1. Kaplan-Meier curve of overall survival. IP, irinotecan/cisplatin; EP, etoposide/cisplatin; HR, hazard ratio;
CI, confidence interval.

Fig. 2. Kaplan-Meier curve of progression-free survival.
IP, irinotecan/cisplatin; EP, etoposide/cisplatin; HR, hazard ratio; CI, confidence interval.

pital, Daegu; SMG-SNU Boramae Medical Center, Seoul;
Chungbuk National University Hospital, Chungju; Hallym
University College of Medicine Kangdong Sacred Heart Hospital, Seoul; Ajou University Hospital, Suwon; Korea University Anam Hospital, Seoul; Soon Chun Hyang University
Bucheon Hospital, Bucheon) and was conducted in compliance with Declaration of Helsinki. Written informed consent
was obtained from all patients before enrollment.

toxicity analyses. Six and two patients in IP and EP arm were
given no chemotherapy because they didn’t meet the enrollment criteria. These patients were excluded from the toxicity
analysis. For the remaining 167 patients in the IP arm, the
mean dose intensities of irinotecan and cisplatin were 92.6%
and 95.4% (irinotecan, 120.4 mg/m2/wk of 130 mg/m2/wk
and cisplatin, 66.8 mg/m2/wk of 70 mg/m2/wk) of the
planned doses, respectively. For the remaining 187 patients
in the EP arm, the mean dose intensities of EP were 96.1%
and 97% (etoposide, 288.5 mg/m2/wk of 300 mg/m2/wk
and cisplatin, 67.9 mg/m2/wk of 70 mg/m2/wk) of the
planned doses, respectively. There were no significant differences between two arms in treatment delivery.
The number of the patients who completed the study was
97 (56%) and 98 (51%) in the IP and EP arm, respectively. The
most common reason for not completing study was due to
progressive disease, treatment-related complications, unacceptable toxicity, and deaths. The median number of cycles
of chemotherapy administered was 6 in each arm; more than
96 % of patients on the IP and EP arm received at least one
study treatment. The duration of follow-up time was 12.5
months in the IP arm and 11.4 months in the EP arm.

Results
1. Patients and treatment
The characteristics of the patients are listed in Table 1. Most
patients (> 85%) were male. The median age for IP and EP
arm was 66 years (range, 47 to 80 years) and 65 years (range,
36 to 81 years), respectively. More than 80% of patients had
an ECOG PS of 0 or 1. More than 60% of patients had metastases to the bone and brain metastases were detected in about
25% of patients. Baseline characteristics were well balanced
between arms.
From June 2006 to November 2011, 362 patients were
enrolled in this study at 19 sites with 173 patients randomly
assigned to receive IP and 189 patients randomly assigned
to receive EP (S1 Fig.). All patients who received at least one
cycle of study treatment were assessable for the efficacy and
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2. Survival and tumor response
There was no significant difference between two arms in
OS (median OS, 10.9 vs. 10.3 months; p=0.120) and PFS
(median PFS, 6.5 vs. 5.8 months; p=0.115), The Kaplan-Meier
curves of OS and PFS of the assessable patients are shown in
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Subgroup

No.

HR (90% CI)

All patients
Male
Female
Age ≥ 65 yr
Age < 65 yr
ECOG 0/1
ECOG 2

362
328
24
198
164
308
54

0.879 (0.734-1.054)
0.812 (0.671-0.984)
1.898 (0.999-3.608)
1.053 (0.828-1.339)
0.717 (0.543-0.947)
0.812 (0.667-0.989)
1.321 (0.816-2.138)
0

Favors IP

1
HR

2
Favors EP

Fig. 3. Standard forest plot of the hazard ratio for overall survival according to the pre-defined subgroups. HR, hazard ratio;
CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; IP, irinotecan/cisplatin; EP, etoposide/cisplatin.

Table 2. Best overall response
Confirmed best response
CR
PR
Stable disease
Progressive disease
Not evaluated
Objective response rate (CR+PR) (%)

Irinotecan plus
cisplatin (n=173)
2 (1.2)
106 (61.3)
24 (13.9)
4 (2.3)
37 (21.4)
62.4 (

Etoposide plus
cisplatin (n=189)
3 (1.6)
88 (46.6)
51 (27.0)
18 (9.5)
29 (15.3)
48.2 (

p-value
0.006a)

Values are presented as number (%) unless otherwise indicated. CR, complete response; PR, partial response. a)Chi-square
test.

Figs. 1 and 2. The 1-year and 2-year OS rates between two
arms were also similar. This result indicates that there is no
significant difference in survival rate between two arms. In
the pre-defined exploratory subgroup analysis (Fig. 3), however, HRs for OS seemed to favor the IP treatment arm in
male (11.3 months vs. 10.1 months, p=0.036), < 65 years old
(12.7 months vs. 11.3 months, p=0.024), and ECOG performance status 0/1 (12.4 months vs. 10.9 months, p=0.040)
patient groups. There was a significant prolongation of survival in the IP over EP regimen within these patient groups.
Tumor response data are shown in Table 2. In the IP and
EP arms, respectively, 24 (13.9%) and 51 (30%) experienced
stable disease, and 2.3% and 9.5% experienced progressive
disease. There were two complete responses (1.1%) and 106
partial responses (61.3%) in the IP arm while there were three
complete responses (1.6%) and 88 partial responses (46.6%)
in the EP arm. There was a significant difference in objective
response rate between IP and EP arms (p=0.006); Objective
response rate in the IP arm was 62.4% and 48.4% in the EP
arm.

3. Toxicity
Grade  3 adverse events which occurred in more than 2%
of subjects are summarized in Table 3. The most common
toxicity with grade  3 or more was neutropenia; 104 patients
(62.3%) and 134 patients (71.7%) experienced grade  3 neutropenia in the IP and EP arm, respectively. Significantly
higher rates of grade  3 anemia, nausea, and diarrhea
occurred in the IP arm compared with the EP arm. There
were nine and 10 treatment-related deaths in the IP and EP
arm, respectively. Toxicities resulting in discontinuation of
study treatment occurred in 17 subjects in the IP arm and 22
in the EP arm.
4. Systemic treatments after progression
Systemic treatments after progression were summarized
in Table 4. The proportion of patients who received additional treatment was similar between two arms. Among the
patients who received the post-progression systemic treatVOLUME 51 NUMBER 1 JANUARY 2019
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Table 3. Grade  3 adverse events in more than 2% of subjects
Irinotecan plus
cisplatin (n=167)

Adverse event
Anemia
Neutropenia
Thrombocytopenia
Neutropenic fever
Infection
Nausea
Vomiting
Diarrhea
AST elevation
ALT elevation

Etoposide plus
cisplatin (n=189)

45 (27.0)
104 (62.3)
21 (12.6)
31 (18.6)
34 (20.4)
7 (4.2)
5 (3.0)
17 (10.2)
2 (1.2)
3 (1.8)

p-valuea)

33 (17.5)
134 (71.0)
25 (13.2)
33 (17.5)
33 (17.5)
1 (0.5)
3 (1.6)
5 (3.0)
8 (4.2)
5 (2.6)

0.035
0.060
0.824
0.823
0.515
0.028
0.483
0.003
0.110
0.727

Values are presented as number (%). a)Chi-square test.

Table 4. Systemic treatments after progression
Treatment

Irinotecan plus
cisplatin (n=173)

Etoposide plus
cisplatin (n=189)

72 (41.6)
84 (48.6)
10 (5.8)
30 (17.3)
15 (8.7)
8 (4.6)
6 (3.5)
12 (6.9)

73 (38.6)
9 (4.8)
65 (34.4)
26 (13.8)
39 (20.6)
11 (5.8)
5 (2.6)
11 (5.8)

No systemic treatment
Etoposide containing regimen
Irinotecan containing regimen
Cyclophosphamide+doxorubicin+vincristine
Topotecan or belotecan
Paclitaxel
Ifosfamide
Others

Values are presented as number (%).

Table 5. Comparison of relevant studies of irinotecan-based chemotherapy in patients with ED SCLC
Present study
Regimen

No. of patients
Median OS (mo)
Median PFS (mo)
Response rate (%)
Grade 3/4 neutropenia (%)
Grade 3/4 diarrhea (%)

Noda et al. [11]
2

Irinotecan 65 mg/m
D 1,8
Cisplatin 70 mg/m2
D1
every 3 wk
362
10.9
6.5
62.4
62.3
10.2

Lara et al. [12]
2

Irinotecan 60 mg/m
D 1,8,15
Cisplatin 60 mg/m2
D1
every 4 wk
154
12.8
6.9
65.0
65.3
16.0

Hanna et al. [13]
2

Irinotecan 60 mg/m
D 1,8,15
Cisplatin 60 mg/m2
D1
every 4 wk
651
9.9
5.8
60.0
34.0
19.0

Irinotecan 65 mg/m2
D 1,8
Cisplatin 30 mg/m2
D 1,8
every 3 wk
331
9.3
4.1
48.0
36.2
21.3

ED, extensive-disease; SCLC, small-cell lung cancer; D, day; OS, overall survival; PFS, progression-free survival.
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ment, 48.6% of patients in the IP arm received subsequent
treatment containing etoposide and 34.4% of those in the EP
arm received subsequent treatment containing irinotecan.

Discussion
Results from our study showed no significant difference
in the OS in the IP arm, as shown by the median survival
time of 10.9 and 10.3 months in the IP and EP arm, respectively. Our results are summarized in Table 5 together with
those from other similar studies in the literature. However,
the pre-defined exploratory subgroup analysis demonstrated
significant benefit of IP over EP in male, < 65 years old, and
ECOG PS 0/1 patient groups, indicating that IP regimen
might be favorable for these particular groups. There was
some imbalance noted in the gender distribution between
two treatment groups, with a greater proportion of male in
the EP arm by 7% (p=0.038). However, such imbalance dose
not influence the overall non-significant treatment difference
after adjustment (p=0.121). The objective response rate from
our study was also significantly higher in IP arm than EP
arm. As in agreement with previous studies, grade 3/4 neutropenia was most frequent in both arms but not significantly
different between two arms. However, severe toxicities such
as grade 3/4 anemia, nausea, and diarrhea were significantly
higher in the IP arm than in the EP arm.
Although there has been the controversy regarding the
superiority of IP regimen for ED SCLC, our study suggests
that IP regimen might not be superior to EP regimen, the current standard chemotherapy for ED SCLC patients. Several
factors such as treated doses and schedules of regimens,
patient characteristics, post-study treatment might be
responsible for the divergent result between trials. Much
attention, however, has been paid to the distinct pharmacogenetics existing between different ethnic populations
[18-20]. It is well established that the single-nucleotide polymorphisms (SNPs) of genes involved in the drug disposition
vary among ethnic populations. Lara et al. [12] reported that
certain SNPs such as ABCB1 (C3435T)T/T and UGT1A1
(G-3156A)A/A seemed to be associated with specific toxicities including diarrhea and neutropenia, but they failed to
detect any other genotypes correlated with the treatment
efficacy. Intriguingly, however, Han et al. [21] found that
ABCC224TT and 3972TT genotypes were associated with
higher response rates and longer PFS in Korean patients with
advanced non-SCLC. Thus, further ongoing research on the
pharmacogenetics is eagerly awaited to further explain the
inter-individual and inter-ethnic variability in efficacy and
toxicity of chemotherapy. In addition to the role of pharma-

cogenetics, other genetic alterations might serve as important
predictors for response and toxicity to irinotecan. For example, the expression profiling analysis using irinotecan-sensitive and resistant SCLC cell lines might facilitate the identification of novel genes involved in various responses to
chemotherapy regimen.
It was of note that, according to our subgroup analysis, IP
might be a beneficial treatment option for patient groups
with a good performance status. This implies that irinotecan/cisplatin combination might be useful for treating
patients with limited-disease (LD) SCLC. Indeed, IP has been
tested in randomized phase II trials in patients with LD
SCLC. Sohn et al. [22] reported that IP with early concurrent
radiotherapy was effective and tolerable in untreated
LD-SCLC. Another phase II study of IP induction followed
by concurrent twice-daily thoracic radiotherapy with EP
chemotherapy for LD SCLC also showed the encouraging
results [23]. However, the subsequent phase III trial comparing EP versus IP in patients with LD SCLC treated with EP
plus concurrent accelerated hyperfractionated thoracic
radiotherapy did not show the improved outcome from IP
compared with EP regimen in LD SCLC [24]. Thus, further
study is needed to validate IP regimen before recommended
as the standard chemotherapy for LD SCLC.
Although the confounding effects of crossover treatment
could be a limiting factor to be considered in our study, this
study shows that the irinotecan/cisplatin combination as the
first-line chemotherapy is not superior to etoposide/cisplatin
combination. Furthermore, the toxicity profile of IP was
rather unfavorable to EP overall. Therefore, IP might be an
alternative treatment option for patients who experience the
recurrence after receiving the EP-based first line of chemotherapy.
In conclusion, the IP arm did not show the superior efficacy compared with the EP arm in patients with ED SCLC in
Korean patients. Grade 3/4 toxicity was more common in IP
arm than in EP arm. However, IP chemotherapy might be
beneficial comparing with EP chemotherapy in male, < 65
years old, and ECOG PS 0/1 patient subgroups, indicating
that IP regimen might be favorable for these particular
groups.
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Prevalence and Prognostic Role of PIK3CA/AKT1 Mutations in Chinese
Breast Cancer Patients

Purpose
The prevalence of PIK3CA in Chinese breast cancer patients may be underestimated. Therefore, we investigated the distribution of somatic PIK3CA/AKT1 mutations in Chinese breast
cancer patients and explored their roles in tumor phenotypes and disease prognosis.
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Materials and Methods
Tumors from 507 breast cancer patients were prospectively collected from the West China
Hospital between 2008 and 2013. Whole exons of AKT1 and PIK3CA were detected in freshfrozen tumors using next-generation sequencing, and correlations between PIK3CA/AKT1
mutations and clinicopathological features were analyzed.
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Results
The AKT1 mutation was found in 3.6% (18/507) of patients. Tumors from patients that carried the AKT1 mutation were estrogen receptor (ER)+/progesterone receptor (PR)+/human
epidermal growth factor receptor 2 (HER2) and were more likely to have high expression
levels of Ki67. The prevalence of the PIK3CA mutation was 46.5% (236/507), and 35
patients carried two or three variants of the PIK3CA gene. PIK3CA mutations were associated with ER+/PR+/HER2 status. The prognosis of patients with one mutation in PIK3CA
(or PIK3CA/AKT1) was not significantly different than that of patients with wild-type PIK3CA
(or PIK3CA/AKT1), while patients with two or three variants in PIK3CA (or PIK3CA/AKT1)
exhibited poorer outcomes in the entire group and in all three subgroups (ER+, HER2,
Ki67 high), particularly with respect to overall survival.
Conclusion
A high frequency of somatic PIK3CA mutations was detected in Chinese breast cancer
patients. In addition to the mutation frequency, the tumor mutational burden of the PIK3CA
and AKT1 genes should also be of concern, as they may be associated with poor prognosis.
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Introduction

Materials and Methods

The phosphoinositide 3-kinase (PI3K) signaling pathway,
which promotes cancer cell growth and metabolism, is the
most frequently mutated pathway in breast cancer. This
pathway is associated with failure of clinical treatments, such
as antihuman epidermal growth factor receptor 2 (HER2)
therapy and endocrine therapy, and chemotherapy resistance [1,2]. Clinical development of several pan-PI3K inhibitors, PI3K subunit-specific inhibitors, PI3K subunitspecific inhibitors, mammalian target of rapamycin (mTOR)
inhibitors, and PI3K/mTOR dual inhibitors is currently
underway. However, the biomarkers to evaluate the efficacy
of these agents still need to be elucidated.
According to The Cancer Genome Atlas network (TCGA),
the percentage of PIK3CA mutations is 34.18%, and the percentage of AKT1 mutations is 3.14% [3]. Reports of the prevalence of PIK3CA mutation varied among studies (15.6%47.6%) [4-16], and the percentage PIK3CA mutation is
between 15.6% and 28.3% in Chinese breast cancer patients
[10,11,14]. These mutation frequencies may be underestimated. One possible reason is that most studies detected several exons with hotspot mutations via Sanger sequencing,
spectrometry genotyping, or hydrolysis probe assays [4-13].
In the BOLERO-2 trial, tumor samples from 302 patients
were analyzed via next-generation sequencing (NGS). In this
trial, the percentage of PIK3CA mutations was 47.6%, which
is within the range of the most frequently mutated genes in
breast cancer [15]. Another possible reason is that some studies used formalin-fixed, paraffin-embedded (FFPE) tissues
[7,10,13], and as preservation time increases, DNA may break
down and therefore may not be amplified. In a previous
study, we also detected PIK3CA and AKT1 hotspot mutations
using FFPE tissues from 288 breast cancer patients via Sanger
sequencing. However, the amplification failure rate of a single exon was as high as 25.7%, where the frequency of
PIK3CA mutation was only 15.6% [10]. Both aforementioned
reasons can lead to underestimation of the PIK3CA mutation
frequency.
In this single-center observational study, we investigated
the frequency of PIK3CA and AKT1 mutations in tumor tissues from 507 Chinese breast cancer patients using NGS and
explored their role in tumor phenotype and disease prognosis.

1. Study patients
All patients pathologically diagnosed with breast cancer
were prospectively registered in the Breast Cancer Information Management System (BCIMS) at the West China Hospital, Sichuan University beginning in 2008. In this study,
patients who had undergone surgery between 2008 and 2013
were recruited. Patients who underwent neoadjuvant chemotherapy, lacked complete clinical information, or were
unable to provide enough frozen tumor tissue were excluded
from this study. Ultimately, 507 patients were eligible for the
PIK3CA/AKT1 mutation test and analysis of clinical characteristics.
Clinical and pathological characteristics of 507 patients
were extracted from the BCIMS (S1 Table). Immunohistochemistry (IHC) scoring for estrogen receptor (ER), progesterone receptor (PR) was conducted following the Guidelines
for Testing of ER and PR in Breast Cancer [17]; IHC and fluorescence in situ hybridization scoring for human epidermal
growth factor receptor-2 (HER2) was performed according
to the Guidelines for HER2 Detection in Breast Cancer [18].
The subtypes of breast cancer were classified according to St.
Gallen International Expert Consensus [19]. Follow-up on
survival status was available until May 2017. Invasive disease-free survival (iDFS) was defined as the interval between
surgery date and first relapse of cancer, death, the second
primary tumor, or last follow-up [20]. Overall survival (OS)
was defined as the interval between surgery date and patient
death, or last follow-up. Among 498 patients with stage I-III
breast cancer, 57 iDFS events and 36 OS events were
observed.
2. Targeted DNA sequencing and bioinformatics
Freshly frozen tumor tissues were obtained from the 507
breast cancer patients. Tumor content of  50% was qualified
via pathology quality control. Tumor DNA samples were
screened for variants in all coding exons of the PIK3CA and
AKT1 genes with a customized QIAGEN Gene Read panel,
using NGS on a MiSeq system (Illumina, San Diego, CA).
Whole blood or distal adjacent normal tissue were used to
filter out germline variants for 24 patients in which novel
PIK3CA variants were identified during interim data analysis.
After trimming adapters and low-quality bases (sequencing quality cutoff at Q30), reads were mapped to Human
B37.3. Genomic variants were organized using the following
criteria: reads uniquely mapped to the genome; mapping
quality > 15; number of mutated reads  5, and mutant allele
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Table 1. PIK3CA and AKT1 mutations in 507 breast cancer patients
Gene

Mutation type

Occurrence

Status

Hot-spot mutation

Frequency (%)

AKT1

AKT1_E17K
AKT1_C77F
PIK3CA_H1047R
PIK3CA_E545K
PIK3CA_H1047L
PIK3CA_E542K
PIK3CA_N345K
PIK3CA_E726K
PIK3CA_C420R
PIK3CA_G118D
PIK3CA_E365K
PIK3CA_P471L
PIK3CA_Q546K
PIK3CA_T1025A
PIK3CA_G1049R

17
1
121
50
19
14
8
7
5
3
2
2
2
2
2

Tumor
Tumor
Tumor
Tumor
Tumor
Tumor
Tumor
Tumor
Tumor
Tumor
Tumor
Tumor
Tumor
Tumor
Tumor

Yes
No
Yes
Yes
Yes
Yes
No
No
No
No
No
No
No
No
No

3.4
0.2
23.9
9.9
37.5
27.6
1.6
1.4
1.0
0.6
0.4
0.4
0.4
0.4
0.4

PIK3CAa)

a)
36 additional PIK3CA variants (tumor status) were identified with 1 occurrence: PIK3CA_C420DEL, PIK3CA_D454DEL,
PIK3CA_D454N, PIK3CA_D527N, PIK3CA_D830H, PIK3CA_E103DEL, PIK3CA_E418K, PIK3CA_E545D, PIK3CA_E545Q,
PIK3CA_E600K, PIK3CA_E674Q, PIK3CA_E722Q, PIK3CA_E798K, PIK3CA_E81K, PIK3CA_E970K, PIK3CA_E9DE,
PIK3CA_G364R, PIK3CA_H1065L, PIK3CA_HC491DEL, PIK3CA_I102F, PIK3CA_K111E, PIK3CA_K485N, PIK3CA_
KI111N, PIK3CA_L422W, PIK3CA_M16I, PIK3CA_N1044I, PIK3CA_N1068INS, PIK3CA_N345I, PIK3CA_p.Cys472_
Leu473insPheGlu, PIK3CA_P104DEL, PIK3CA_P449DEL, PIK3CA_Q546E, PIK3CA_Q75E, PIK3CA_R115L, PIK3CA_T1052K
PIK3CA_V101DEL.

frequency  0.01. Variants were then manually verified in the
Genome Browser.

Results

3. Statistical analysis

1. Prevalence and characteristics of PIK3CA and AKT
mutations

Two-tailed t test, chi-square test, and Fisher exact test were
performed to assess significance of the association between
variables (PIK3CA and AKT mutations) and clinical characteristics (SPSS ver. 20, IBM Corp., Armonk, NY). The KaplanMeier survival curve was drawn and tested by log-rank test
to evaluate the differences in iDFS and OS between the variables. The effect of mutations on prognosis was analyzed by
Cox multivariate risk models. A p-value of < 0.05 was considered statistically significant.
4. Ethical statement
This study was approved by the Clinical Test and Biomedical Ethics Committee of West China Hospital, Sichuan University. Written informed consent was provided by all
patients.
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The prevalence of PIK3CA and AKT1 mutations is shown
in Table 1. AKT1 mutation was found in 18 patients (3.6%),
and the percentage of hotspot mutations for AKT1_E17K was
3.4% (17/507). PIK3CA mutation was detected in 236 (46.5%)
patients. PIK3CA hotspot mutations (H1047R/L, E545K,
E542K) were found in 39.4% of breast cancer patients (200/
507), with H1047R ranking the highest. These hotspot mutations account for 84.7% of breast cancer patients (200/236)
who carry somatic PIK3CA variants. There were 273 mutations of PIK3CA in total. Thirty-five patients carried two or
three mutations in PIK3CA (S2 Table), and 33 had concurrent
hotspot mutations with 1 or 2 non-hotspot mutations. AKT1
mutations (3 AKT1_E17K and 1 AKT1_C77F) were concurrent
with PIK3CA_H1047R mutation in four patients. When AKT1
and PIK3CA mutations were combined based on mutant burden, 39 patients carried two or three mutations (2MTs)
(S2 Table), 211 patients had one mutation (1MT), and 257
patients carried wild-type (WT) PIK3CA and AKT1. The clinical and pathological features of patients with PIK3CA and
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Table 2. The clinical and pathological features of patients with PIK3CA and AKT1 mutations

Characteristic

Age (yr)
Menopausal status
Premenopausal
Postmenopausal
Breast cancer family history
Yes
No
Pathological type
DCIS
IDC
Other IBC
Tumor grade
1
2
3
Unknown
T stage
Tis/T1
T2
T3
T4
Tx
Lymph node involvement
N0
N1
N2
N3
Metastasis
M0
M1
Molecular subtypes
Luminal A
Luminal B1
Luminal B2
HER2+
TN
ER
Positive
Negative
PR
Positive
Negative
HER2
Positive
Negative

AKT1
mutation
MT
(n=18)
50.9±9.3

PIK3CA mutation
p-value

0.72a)
0.60a)

9 (50.0)
9 (50.0)

Hotspot Non-hotspot
MT (n=200) MT (n=36)
50.8±10.1

51.2±8.3

88 (44.0)
112 (56.0)

17 (47.2)
19 (52.8)

0.53a)
1 (5.6)
17 (94.4)

4 (2.0)
198 (98.9)

2 (5.6)
34 (94.4)

0.59a)
0(
17 (94.4)
1 (5.6)

1 (0.5)
192 (96.0)
7 (3.5)

1 (2.8)
34 (94.4)
1 (2.8)

0.06a)
1 (5.6)
10 (55.6)
7 (38.9)
0(

10 (5.0)
67 (33.5)
108 (54.0)
15 (7.5)

1 (2.8)
9 (25.0)
26 (72.2)
0(

0.08a)
9 (50.0)
7 (38.9)
0(
2 (11.1)
0(

70 (35.0)
118 (59.0)
7 (3.5)
5 (2.5)
0(

10 (27.8)
24 (66.7)
0(
2 (5.6)
0(

0.90a)
9 (50.0)
7 (38.9)
1 (5.6)
1 (5.6)

95 (47.5)
66 (33.0)
25 (12.5)
14 (7.0)

13 (36.1)
17 (47.2)
4 (11.1)
2 (5.6)

0.17a)
17 (94.4)
1 (5.6)

25 (12.5)
110 (55.0)
28 (14.0)
21 (10.5)
16 (8.0)

4 (11.1)
13 (36.1)
8 (22.2)
7 (19.4)
4 (11.1)

0.001a)
158 (79.0)
42 (21.0)

25 (69.4)
11 (30.6)

0.001a)
18 (100)
0(

147 (73.5)
53 (26.5)

21 (68.3)
15 (31.7)

0.003a)
0(
18 (100)

0.29b)
0.225d)
0.68b)
0.382d)

0.14b)
0.149d)

0.64b)
0.395d)

0.46b)
0.436d)

36 (100)
0(

0.001a)

18 (100)
0(

0.24b)
0.92b)
0.720d)

2MTs
(n=39)

1MT
(n=211)

50.6±9.4

50.9±9.9

17 (43.6) 95 (45.0)
22 (56.4) 116 (55.0)
0(
39 (100)

7 (3.3)
204 (96.7)

0(
2 (0.9)
38 (97.4) 201 (95.3)
1 (2.6)
8 (3.8)
3 (7.7)
8 (3.8)
19 (48.7) 64 (30.3)
15 (38.5) 126 (59.7)
2 (5.1)
13 (6.2)
11 (28.2) 75 (35.5)
26 (66.7) 122 (57.8)
0(
7 (3.3)
2 (5.1)
7 (3.3)
0(
0(
15 (38.5)
17 (43.6)
4 (10.3)
3 (7.7)

99 (46.9)
72 (34.1)
26 (12.3)
14 (6.6)

0.13b)
200 (100)
0(

6 (33.3)
12 (66.7)
0(
0(
0(

p-value

PIK3CA/AKT1
mutation burdens

49 (24.5)
151 (75.5)

15 (41.7)
21 (58.3)

< 0.001b)
0.206d)
0.013b)
0.064d)
0.039b)
0.033d)

0.20c)
0.92c)
0.856e)
0.79c)
0.600e)
0.98c)
1.0e)

0.04c)
0.066e)

0.59c)
0.495e)

0.56c)
0.713e)

0.598c)
39 (100)
0(

0.003b)
0.169d)

p-value

10 (25.6)
21 (53.8)
3 (7.7)
3 (7.7)
2 (5.1)
34 (87.2)
5 (12.8)
30 (76.9)
9 (23.1)
6 (15.4)
33 (84.6)

210 (99.5)
1 (0.5)
< 0.001c)
23 (10.9)
0.140e)
112 (53.1)
33 (15.6)
25 (11.8)
18 (8.5)
< 0.001c)
163 (77.3)
0.163e)
48 (22.7)
0.005c)
152 (72.0)
0.529e)
59 (28.0)
0.021c)
58 (27.5)
0.112e)
153 (72.5)

(Continued to the next page)
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Table 2. Continued

Characteristic

Ki67
High
Low

AKT1
mutation
MT
(n=18)

PIK3CA mutation
p-value

Hotspot Non-hotspot
MT (n=200) MT (n=36)

0.001a)
10 (55.6)
8 (44.4)

163 (81.5)
37 (19.5)

30 (83.3)
6 (16.7)

p-value

0.62b)
0.793d)

PIK3CA/AKT1
mutation burdens
2MTs
(n=39)

1MT
(n=211)

27 (69.2) 175 (82.9)
12 (30.8) 36 (17.1)

p-value

0.031c)
0.046e)

Value are presented as number (%). MT, mutation; 2MTs, 2 or 3 mutations; 1MT, 1 mutation; DCIS, ductal carcinoma in situ;
IDC, invasive ductal carcinoma; IBC, invasive breast cancer; HER2, human epidermal growth factor receptor 2; TN, triple
negative subtype; Luminal B1, luminal B-HER2 negative subtype; Luminal B2, luminal B2-HER2 positive subtype; HER2+,
HER2 positive subtype; ER, estrogen receptor; PR, progesterone receptor. a)p-value for mutant and WT AKT1, b)p-value for
hotspot mutant, non-hotspot mutant and WT PIK3CA, c)p-value for 2MTs, 1MT and WT of PIK3CA/AKT1, d)p-value for
hotspot and non-hotspot mutant PIK3CA, e)p-value for 2MTs and 1MT of PIK3CA/AKT1.

AKT1 mutations are shown in Table 2.

2. Association of PIK3CA and AKT1 mutations with survival

1) AKT1 mutation
All patients with AKT1 mutations were ER+/PR+/HER2–
(Table 2). In addition, the AKT1 E17K mutation was significantly associated with Ki67 high expression, but was not
associated with age at diagnosis, menopausal status, family
history, pathological type, tumor grade, T category, lymph
node stage or metastasis.
2) PIK3CA mutation
Compared to breast cancers expressing wild type PIK3CA,
both hotspot and non-hotspot PIK3CA mutant cancers were
more likely to be ER+, PR+, HER2– or of the luminal B (HER2
negative) subtype (Table 2). PIK3CA mutation was not associated with age at diagnosis, menopausal status, family history, pathological type, tumor grade, T category, lymph node
stage, Ki67 expression, or metastasis. No difference was
observed between patients with hotspot mutations and nonhotspot mutations, except for HER2 status.
3) PIK3CA/AKT1 mutation
When AKT1 and PIK3CA mutations were analyzed by
mutation burden, cancers with 2MTs or with 1MT were more
likely to be ER+, PR+, HER2–, high Ki67, or of the luminal B
(HER2 negative) subtype compared with cancers with WT
PIK3CA and AKT1. When 2MTs and 1MT were sub-analyzed, no difference was observed between the two subgroups except for Ki67 expression.
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Survival analysis was conducted among 296 invasive stage
I-III breast cancer patients with at least a 5-year follow-up.
According to the tumor mutational burden of PIK3CA/AKT1,
there were 18 patients with 2MTs, 124 cases with 1MT and
154 cases with WT. The baseline of these 296 patients is summarized in S3 Table. Both PIK3CA and PIK3CA/AKT1 mutations were more frequent in cancers that were ER+, HER2–,
or expressing high Ki67. The Kaplan-Meier survival curve
and Cox multivariate risk models were used to evaluate the
survival of patients.
1) Total patients (296 cases)
Regarding PIK3CA mutation, patients with 1MT showed better iDFS than patients with 2MTs (Fig. 1A), with a relative hazard ratio (HR) of 0.344 (p=0.049) after adjustment (Table 3).
Patients with 1MT (adjusted HR, 0.222; p=0.020) or WT
PIK3CA (adjusted HR, 0.221; p=0.021) had better OS than
patients with 2MTs (Table 3, Fig. 1B). However, there was no
difference in iDFS between patients with WT and 2MTs
(Fig. 1A). In addition, no difference in iDFS or OS was
observed between patients with WT and 1MT of PIK3CA
(Fig. 1A and B).
Regarding PIK3CA/AKT1 mutation, patients with 1MT
exhibited better iDFS (adjusted HR, 0.269; p=0.011) and OS
(adjusted HR, 0.151; p=0.002) than those with 2MTs (Table 3,
Fig. 1C and D). Patients with WT PIK3CA/AKT1 exhibited a
better OS than those with 2MTs (adjusted HR, 0.181; p=0.006)
(Table 3, Fig. 1D), but no significant difference in iDFS. While
patients with 1MT in PIK3CA/AKT1 showed a trend toward
better iDFS than patients with WT PIK3CA/AKT1 (p=0.054)
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A

All (n=296)

1.0

1.0
0.8

0.6

0.6
OS

iDFS

0.8

B

All (n=296)

0.4

0.4
PIK3CA status
WT (n=164)
1MT (n=117)
2MTs (n=15)

0.2
0

0

12

24

36

WT vs. 1MT, p=0.199
1MT vs. 2MTs, p=0.059
WT vs. 2MTs, p=0.222

48 60 72
Time (mo)

84

96

0

108

0

12

24

36

C

All (n=296)

1.0

PIK3CA status
WT (n=164)
1MT (n=117)
2MTs (n=15)

0.2

0.6

0.6

84

96

108

D

OS

iDFS

0.8

48 60 72
Time (mo)

All (n=296)

1.0

0.8

WT vs. 1MT, p=0.977
1MT vs. 2MTs, p=0.077
WT vs. 2MTs, p=0.071

0.4

0.4
PIK3CA/AKT1 status
WT (n=154)
1MT (n=124)
2MTs (n=18)

0.2
0

0

12

24

36

WT vs. 1MT, p=0.054
1MT vs. 2MTs, p=0.022
WT vs. 2MTs, p=0.247

48 60 72
Time (mo)

84

96

PIK3CA/AKT1 status
WT (n=154)
1MT (n=124)
2MTs (n=18)

0.2

108

0

0

12

24

36

WT vs. 1MT, p=0.542
1MT vs. 2MTs, p=0.019
WT vs. 2MTs, p=0.051

48 60 72
Time (mo)

84

96

108

Fig. 1. Impact of PIK3CA/AKT1 mutations on the invasive disease-free survival (iDFS) and overall survival (OS) of 296 breast
cancer patients with stage I-III and at least 5-year follow-up. Kaplan-Meier survival analysis; p-values calculated using a
log-rank analysis. Estimated iDFS and OS by mutant burden: iDFS (A) and OS (B) for patients with wild-type (WT), one
mutation (1MT), and two or three mutations (2MTs) of PIK3CA; iDFS (C) and OS (D) for patients with WT, 1MT, and 2MTs
of PIK3CA/AKT1.

(Fig. 1C), the OS of patients with 1MT in PIK3CA/AKT1 was
not significantly different than in patients with WT PIK3CA/
AKT1 (Fig. 1D).
2) ER-positive patients (210 cases)
Regarding the PIK3CA gene, no significant difference in
iDFS was observed among ER+ patients with WT, 1MT, and

2MTs in PIK3CA (Fig. 2A). Patients with WT PIK3CA had a
trend of better OS than those with 2MTs in PIK3CA (adjusted
HR, 0.203; p=0.058) (Table 3, Fig. 2B). However, there was no
difference in OS for patients with WT and 1MT in PIK3CA
(Fig. 2B).
Regarding PIK3CA/AKT1 mutation, ER+ patients with
1MT showed marginally better iDFS (adjusted HR, 0.322;
p=0.051) and significantly better OS (adjusted HR, 0.195;
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Table 3. Cox multivariate risk model for patients with different mutant burdens (stage I-III and at least 5-year follow-up)
PIK3CA mutation
iDFS
Total (n=296)
2MTs
1MT
WT
ER+ (n=210)
1MT
WT
HER2– (n=210)
1MT
WT
Ki67 high (n=210)
1MT
WT

PIK3CA/AKT1 mutation
OS

iDFS

OS

HR (95% CI)

p-value

HR (95% CI)

p-value

HR (95% CI)

p-value

HR (95% CI)

p-value

1a)
0.344
(0.119-0.994)
0.500
(0.177-1.414)
1c)
0.444
(0.133-1.482)
0.588
(0.180-1.921)
1e)
0.304
(0.100-0.921)
0.368
(0.121-1.116)
1g)
0.198
(0.059-0.662)
0.309
(0.094-1.014)

0.119
0.049

1a)
0.222
(0.063-0.787)
0.221
(0.061-0.799)
1c)
0.333
(0.073-1.518)
0.203
(0.039-1.052)
1e)
0.246
(0.062-0.972)
0.171
(0.039-0.741)
1g)
0.096
(0.025-0.372)
0.114
(0.029-0.446)

0.053
0.020

1b)
0.269
(0.098-0.742)
0.452
(0.169-1.211)
1d)
0.322
(0.104-1.003)
0.537
(0.178-1.624)
1f)
0.246
(0.084-0.721)
0.376
(0.131-1.079)
1h)
0.191
(0.057-0.638)
0.308
(0.094-1.015)

0.056
0.011

1b)
0.151
(0.045-0.510)
0.181
(0.053-0.612)
1d)
0.195
(0.046-0.820)
0.167
(0.036-0.774)
1f)
0.166
(0.044-0.636)
0.161
(0.040-0.643)
1h)
0.093
(0.024-0.362)
0.163
(0.029-0.447)

0.008
0.002

0.191
0.402
0.187
0.379
0.105
0.035
0.077
0.027
0.009
0.053

0.021
0.165
0.155
0.058
0.056
0.045
0.018
0.003
0.001
0.002

0.114
0.125
0.051
0.271
0.038
0.011
0.069
0.022
0.007
0.053

0.006
0.053
0.026
0.022
0.017
0.009
0.010
0.002
0.001
0.002

a)

Adjusted by AKT1 mutation, age at diagnosis, menopause at diagnosis, tumor size, lymph node metastasis, estrogen
receptor (ER), progesterone receptor (PR), human epidermal growth factor receptor 2 (HER2), Ki67, histological grade, surgery, radiotherapy, chemotherapy, endocrine therapy, and target therapy, b)Adjusted by age at diagnosis, menopause at
diagnosis, tumor size, lymph node metastasis, ER, PR, HER2, Ki67, histological grade, surgery, radiotherapy, chemotherapy,
endocrine therapy, and target therapy, c)Adjusted by AKT1 mutation, age at diagnosis, menopause at diagnosis, tumor size,
lymph node metastasis, PR, HER2, Ki67, histological grade, surgery, radiotherapy, chemotherapy, endocrine therapy, and
target therapy, d)Adjusted by age at diagnosis, menopause at diagnosis, tumor size, lymph node metastasis, PR, HER2, Ki67,
histological grade, surgery, radiotherapy, chemotherapy, endocrine therapy, and target therapy, e)Adjusted by AKT1 mutation, age at diagnosis, menopause at diagnosis, tumor size, lymph node metastasis, ER, PR, Ki67, histological grade, surgery,
radiotherapy, chemotherapy, and endocrine therapy, f)Adjusted by age at diagnosis, menopause at diagnosis, tumor size,
lymph node metastasis, ER, PR, Ki67, histological grade, surgery, radiotherapy, chemotherapy, and endocrine therapy,
g)
Adjusted by AKT1 mutation, age at diagnosis, menopause at diagnosis, tumor size, lymph node metastasis, ER, PR, HER2,
histological grade, surgery, radiotherapy, chemotherapy, endocrine therapy, and target therapy, h)Adjusted by age at diagnosis, menopause at diagnosis, tumor size, lymph node metastasis, ER, PR, HER2, histological grade, surgery, radiotherapy,
chemotherapy, endocrine therapy, and target therapy.

p=0.026) than those with 2MTs (Table 3, Fig. 2C and D).
Patients with WT PIK3CA/AKT1 exhibited better OS than
those with 2MTs in PIK3CA/AKT1 (adjusted HR, 0.167;
p=0.022) (Table 3, Fig. 2D), but no significant difference in
iDFS (Fig. 2C). The iDFS and OS of patients with 1MT were
not significantly different from those with WT PIK3CA/AKT1
(Fig. 2C and D).
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3) HER2-negative patients (210 cases)
Regarding PIK3CA mutation, HER2– patients with 1MT
exhibited significantly better iDFS (adjusted HR, 0.304;
p=0.035) and OS (adjusted HR, 0.246; p=0.045) than those
with 2MTs (Table 3, Fig. 3A and B). Patients with WT
PIK3CA had better OS (adjusted HR, 0.171; p=0.018) and
showed a trend toward better iDFS (adjusted HR, 0.368;
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Time (mo)
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D

OS

iDFS

0.8

36

ER positive (n=210)
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0.8

WT vs. 1MT, p=0.295
1MT vs. 2MTs, p=0.227
WT vs. 2MTs, p=0.044
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PIK3CA/AKT1 status
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WT vs. 1MT, p=0.247
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0
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Fig. 2. Impact of PIK3CA/AKT1 mutations on the invasive disease-free survival (iDFS) and overall survival (OS) of 210
estrogen receptor (ER) positive breast cancer patients with stage I-III and at least 5-year follow-up. Kaplan-Meier survival
analysis; p-values calculated using a log-rank analysis. Estimated iDFS and OS by mutant burden: iDFS (A) and OS (B) for
patients with wild-type (WT), one mutation (1MT), and two or three mutations (2MTs) of PIK3CA; iDFS (C) and OS (D) for
patients with WT, 1MT, and 2MTs of PIK3CA/AKT1.

p=0.077) than those with 2MTs in PIK3CA (Table 3, Fig. 3A
and B). No difference in iDFS or OS was observed between
patients with WT and 1MT in PIK3CA (Fig. 3A and B).
Regarding PIK3CA/AKT1 mutation, HER2– patients with
1MT had better iDFS (adjusted HR, 0.246; p=0.011) and OS
(adjusted HR, 0.166; p=0.009) than those with 2MTs (Table 3,
Fig. 3C and D). Patients with WT PIK3CA/AKT1 had better
OS (adjusted HR, 0.161; p=0.010) and showed a trend toward

better iDFS (adjusted HR, 0.376; p=0.069) than those with
2MTs (Table 3, Fig. 3C and D). There was no difference in
iDFS and OS between patients with WT and 1MT in PIK3CA/
AKT1.
4) Patients with high expression of Ki67 (240 cases)
Regarding PIK3CA mutation, patients with high expresVOLUME 51 NUMBER 1 JANUARY 2019
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Fig. 3. Impact of PIK3CA/AKT1 mutations on the invasive disease-free survival (iDFS) and overall survival (OS) of 210
human epidermal growth factor receptor 2 (HER2) negative breast cancer patients with stage I-III and at least 5-year followup. Kaplan-Meier survival analysis; p-values calculated using a log-rank analysis. Estimated iDFS and OS by mutant burden:
iDFS (A) and OS (B) for patients with wild-type (WT), one mutation (1MT), and two or three mutations (2MTs) of PIK3CA;
iDFS (C) and OS (D) for patients with WT, 1MT, and 2MTs of PIK3CA/AKT1.

sion of Ki67 and 1MT had better iDFS (adjusted HR, 0.198;
p=0.009) and OS (adjusted HR, 0.096; p=0.001) than those
with 2MTs (Table 3, Fig. 4A and B). Patients with WT
PIK3CA exhibited better OS than those with 2MTs in PIK3CA
(adjusted HR, 0.114; p=0.002) (Table 3, Fig. 4B), with no significant difference in iDFS. The iDFS and OS of patients with
1MT were not significantly different than in patients with
WT PIK3CA (Fig. 4A and B).
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Regarding PIK3CA/AKT1 mutation, patients with 1MT had
better iDFS (adjusted HR, 0.191; p=0.007) and OS (adjusted
HR, 0.093; p=0.001) than those with 2MTs (Table 3, Fig. 4C
and D). Patients with WT PIK3CA/AKT1 exhibited better OS
(adjusted HR, 0.163; p=0.002) and a trend toward better iDFS
(adjusted HR, 0.308; p=0.053) than those with 2MTs (Table 3,
Fig. 4C and D). No difference in iDFS or OS was observed
between patients with 1MT and WT PIK3CA/AKT1.
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Fig. 4. Impact of PIK3CA/AKT1 mutations on the invasive disease-free survival (iDFS) and overall survival (OS) of 240 Ki67
high breast cancer patients with stage I-III and at least 5-year follow-up. Kaplan-Meier survival analysis; p-values calculated
using a log-rank analysis. Estimated iDFS and OS by mutant burden: iDFS (A) and OS (B) for patients with wild-type (WT),
one mutation (1MT), and two or three mutations (2MTs) of PIK3CA; iDFS (C) and OS (D) for patients with WT, 1MT, and
2MTs of PIK3CA/AKT1.

The prognosis between patients with mutant (hotspot and
non-hotspot) and WT PIK3CA genes was also compared.
Results showed that the iDFS and OS of patients with mutant
PIK3CA was not significantly different from patients with
WT PIK3CA, whether they were in the entire group or one
of the three subgroups (ER+, HER2–, Ki67 high) (S4-S7 Figs.).
Survival was also evaluated among patients with hotspot
MT, non-hotspot MT and WT PIK3CA, and there was no dif-

ference in iDFS or OS (S4-S7 Figs.).
Survival between patients with mutant and WT AKT1 was
also evaluated, and there was no difference in iDFS or OS,
whether they were in the entire group or one of the 3 subgroups (S8 Fig.). In addition, we compared iDFS and OS
between patients with mutant (2MTs plus 1MT) or WT
PIK3CA/AKT1, and no significant difference was observed
(S9 Fig.).
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Discussion
This study provided new insight into the complexity of
PIK3CA and AKT1 mutations in Chinese breast cancer
patients. AKT1 mutations were detected in 3.6% of the 507
patients, and 4.9% (18/370) in the luminal subtype, which is
similar to the 3.14% in the TCGA report [3]. PIK3CA mutations were detected in 46.5% of the 507 patients, and the
hotspot mutations of PIK3CA were 39.4%. The frequency of
PIK3CA mutations was 50.8% (188/370) in the luminal subtype, 41.8% (28/67) in the HER2-positive subtype, and 28.6%
(20/70) in triple-negative breast cancer. This was similar to
the PIK3CA mutation rates of BOLERO-2 trial, which was
also detected via NGS [15]. In contrast, this was significantly
higher than the PIK3CA mutation rates previously reported
in a cohort of 729 Chinese women with breast cancer (28.3%)
[11], as well as what was reported in a cohort of HER2amplified metastatic breast cancer (24%) [14], which only
detected hotspot mutations of PIK3CA. These results illustrated that NGS is a reliable method that can detect PIK3CA
and AKT1 mutations efficiently.
Also, we confirmed significant associations of AKT1
mutations with clinicopathological and molecular characteristics, as well as PIK3CA mutations (whether hotspot or nonhotspot mutations). Both AKT1 mutations and PIK3CA
mutations were significantly associated with ER positive, PR
positive and HER2 negative. AKT1 mutations were also
associated with high Ki67 expression. But Ki67 expression
was not different among patients harboring hotspot mutation, non-hotspot mutation, or WT PIK3CA. This is consistent
with the literature [6,7,12,21].
The association between PIK3CA mutations and prognosis
has been evaluated by many studies. However, results from
these studies are still inconclusive. Some studies showed
favorable [6,7,22], and others showed adverse [4,6,10,14,
23-25], impacts of PIK3CA mutations on patient outcomes,
while a significant number of reports did not show any prognostic significance [5,8,9,11-13,26]. In HER2-positive breast
cancers, PIK3CA mutation was associated to poor prognosis
in several studies [4,25,27], while the association of PIK3CA
mutation with prognosis was not significantly in the FinHER
trial [5]. PIK3CA mutation predicted poorer pathologic complete response (pCR) in patients with HER2+ breast cancer
treated with neoadjuvant therapies [8,9,11,28]; however, the
association of PIK3CA mutation with pCR did not translate
into DFS or OS outcomes [29,30]. In the present study,
patients with 1MT of the PIK3CA gene did not have significantly different iDFS or OS when compared to those with
WT PIK3CA, whether they were in the entire group or all
three subgroups (ER+, HER2–, Ki67 high). In addition,
PIK3CA mutation was not associated with prognosis of

138

CANCER RESEARCH AND TREATMENT

HER2-positive patients (WT vs. MT, PDFS=0.268, POS=0.842,
data not shown). These results demonstrated that single
PIK3CA gene mutation might have little effect on the prognosis of breast cancer patients.
Preclinical models found PIK3CA mutations alone, compared to PTEN loss or AKT1 mutations, can cause weaker or
more inconsistent activation of PI3K-AKT signaling [31,32].
If this signaling pathway accumulates more genetic alteration burden, it may lead to higher activation of the pathway.
For prognosis, patients simultaneously harboring both
PIK3CA mutation and PTEN loss had lower DFS and OS [12],
which suggest that it may be possible to analyze the prognosis of patients according to the genetic alteration burden of
PI3K-AKT pathway. In the present study, we compared
prognosis of patients with 2MT of PIK3CA/AKT1 to those
with 1MT or wild-type PIK3CA/AKT1, which showed 2MT
of PIK3CA/AKT1 caused poorer iDFS and OS. Patients with
2MT of PIK3CA also had poorer prognosis. These results suggested that greater number of alterations in PI3K/AKT/
mTOR pathway might cause higher activation of this pathway, which was associated with poor prognosis.
Drugs targeting the PI3K/AKT/mTOR pathway in breast
cancer are widely known, and some of them are approved
for use in ER+ advanced breast cancer. Several studies have
attempted to determine in which patients these drugs would
achieve better clinical efficacy. An exploratory analysis using
tumor samples from the BOLERO-2 trial showed that the
efficacy of everolimus was largely independent of the most
commonly altered genes (PIK3CA, FGFR1 and CCND1) in
hormone receptor-positive and HER2-negative breast cancer.
Subgroup analysis showed that PIK3CA exon-9 mutations
were associated with a greater benefit from everolimus than
exon-20 mutations [15]. However, another study using cellfree DNA from plasma samples from the BOLERO-2 trial
showed that everolimus prolonged median progression-free
survival in patients with PIK3CA H1047R and E545K/E542K
mutations to a similar degree [33]. These different results
demonstrate that more accurate and effective biomarkers are
still needed to determine the efficacy of drugs targeting the
PI3K/AKT/mTOR pathway.
There are some limitations to the present study. This was
a single-center retrospective study with a relatively small
sample size. Although the present study found that a tumor
mutational burden of 2-3 in PIK3CA/AKT1 was associated
with poorer outcomes, the sample size in this subgroup was
relatively small compared to patients with WT or 1MT in
PIK3CA/AKT1. The active burden for the entire PI3K/AKT1/
mTOR pathway should be evaluated in a larger sample with
a longer follow-up time.
In summary, PIK3CA/AKT1 mutation was detected using
NGS in 49.3% of breast cancer patients from a single hospital
in West China, with the highest mutation frequency in the
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luminal cancers. PIK3CA/AKT1 mutation was associated
with positive ER, positive PR, or negative HER2 expression
status. The prognosis of patients with one mutation in
PIK3CA (or PIK3CA/AKT1) was not significantly different
than in WT patients. Patients with a tumor mutational burden of 2-3 in PIK3CA (or PIK3CA/AKT1) had poorer prognosis in the entire group, or all 3 subgroups (ER+, HER2–, Ki67
high), particularly with respect to OS. These findings suggest
that, in addition to mutation frequency, the tumor mutational burden of the PIK3CA and AKT1 genes should also be
considered, and that these could be potential prognostic biomarkers in breast cancer patients.
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What We Talk about When We Talk about Caregiving: The Distribution
of Roles in Cancer Patient Caregiving in a Family-Oriented Culture

Purpose
When it comes to cancer care, the psychological well-being of family caregivers has gotten
its deserved attention. However, the specific roles that the family caregivers take have not
been examined as much. The current study aimed to investigate the distribution of family
caregivers’ roles, particularly in a family-oriented culture, Korea.
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Materials and Methods
A sample of 439 participants was recruited from 11 national and regional cancer centers in
Korea. The participants who were 60 years old or above went through treatments for their
gastric, colorectal, or lung cancer. The individual survey included questions regarding the
family type, living arrangement, and the sources of support when it comes to their physical,
emotional, financial, and decision-making needs.
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Results
The responses from the participants showed that cancer caregiving is shared by multiple
family caregivers; the major source of support for elderly cancer patients on diverse domains
was their spouse; patients’ reliance on their daughter(s) increased for emotional support;
and patients’ reliance on their son(s) stood out for financial support and decision-making
support. Also, the older the patients were, the heavier their reliance was on the adult children, including sons, daughters, and daughters-in-law.
Conclusion
Future support programs for elderly cancer patients are suggested to involve multiple family
caregivers to encourage effective and efficient intervention. Also, the limitations of the current study and the suggestions for future research are discussed.
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Cancer care, Caregivers, Role, Republic of Korea, Culture,
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Introduction

Materials and Methods

Cancer caregiving involves multiple tasks. The list of tasks
can include, but not limited to, accompanying the patient to
doctor’s appointments; communicating with the medical
professionals so that the patient can make best decisions [1];
being physically available for the patient in order to help out
his/her daily functioning; providing emotional support; and
financial arrangement when the needs arise [1-3].
These multiple tasks oftentimes involve multiple caregivers. As the current literature generally takes one caregiver
as the primary one, however, not much is known about the
distribution of the roles among multiple family members.
Even though there is a body of literature that investigated
different expectations and attitudes toward caregiving and
different manifestation of familism in different cultures [4-9],
the specific roles and the distribution of the roles among multiple family members did not get much attention. Considering the family-oriented Korean culture as an important
context of caregiving, therefore, it is worth investigating the
distribution of responsibilities in cancer caregiving within
family.
What is also unknown is whether the source of support is
different depending on family structure, gender, and age of
the patients. From the perspective of sharing the caregiving
responsibility, it is worth investigating whether different
family types with different persons available to provide care
present different patterns of responsibility distribution. Considering the different gender roles across diverse cultures, it
is worth examining who takes what caring role in the family,
whether it is consistent with the gender expectation. Furthermore, as the patient ages, the functional and mental status of
the patient might facilitate their dependence on family caregivers. Thus, it is worthwhile to test the effect of age as well.
In this regard, the current study aims first to describe the
roles of family caregivers with respect to the support they
provide for the cancer patient family member, and second to
relate them to the patient’s family structure, gender, and age.
More specifically the current study will contextualize the distribution of responsibilities to provide care for the elderly
cancer patients in the Korean cultural context, where each
family takes care of diverse aspects of individual’s wellbeing.

1. Participants
National Cancer Center of Korea has been conducting Cancer Patient Experience (CaPE) survey since 2008. In the year
of 2014, the focus was put on the elderly cancer patients in
order to examine the specific needs and experiences of people who had been diagnosed with cancer. Even though 65
and above are often agreed to be the “elderly,” 60 or above
were included in the current study as the elderly. In the
Korean context, many industries set the retirement age at
around 60, from which the cancer patient’s reliance on the
support of family members can become more conspicuous.
The data was collected from National Cancer Center and 10
Regional Cancer Centers, which consists of a random sample
from multiple regions. Only those cancer patients who were
60 or above were recruited in 2014. As the focus was the age
factor, the types of cancer were limited to three, stomach, colorectal, and lung cancers, which rank the highest three cancers in this age group in Korea [10]. Anyone who volunteered to participate, as long as they have no psychological
and linguistic barriers to complete the survey on their own,
participated. A total of 439 elderly cancer patients completed
the survey.
2. Procedures
The research participation opportunity was advertised
through trained research assistants in the respective cancer
departments in each of the participating cancer centers. Each
participant completed the survey for him/herself. When the
participants wanted aides in reading the survey items
because of poor eyesight or in comprehending the questions
regarding the sources of help, however, the research assistants helped read the questions or record the responses, as
was in another study [11]. Also the participants’ medical
records were reviewed, under the participants’ consents, to
collect relevant data. The medical records retrieved include
cancer stage, diagnosis date, treatment types and dates, and
comorbidity.
3. Measurements
1) Demographics
Patient’s demographical information included age, gender,
living arrangement, marital status, education, income, religion, source of finance for the medical treatment, and types
of insurance. To identify the family members who can function as available resources, participants were asked to
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respond whether they have a spouse, sons, daughters, sonsin-law, daughters-in-law, grandchildren, and siblings. This
information on the availability, instead of the living arrangement, was used to identify the family structure in the current
study as the geographical distance itself does not necessarily
present a barrier for providing support in Korea.
2) Caregiving roles
In terms of the roles of caregiving, participants were asked
to identify a respective family member who was in charge of
physical support, emotional support [12,13], financial support, decision-making support [14,15], clinic visit support,
and meal-prep support. The question items were created
based on the literature on caregiving roles [1-3,12-15].
4. Analysis
For the analysis purpose, the participants were grouped
into different family types: those with spouse, son(s), and
daughter(s); those with son(s) and daughter(s); those with
spouse and son(s); those with spouse and daughter(s); and
those who are alone. Further, the participants’ responses
were compared between males and females and among different age groups. For the family type comparison, cross-tab
method was used to describe the pattern of the distribution,
instead of chi-square test due to the number of cells having
expected count less than five [9]. Other comparisons, according to gender and age, were made using 2 statistics.

Table 1. Characteristics of participants (n=439)
Characteristic

No. (%)

Age, mean±SD (yr)
Sex
Male
Female
Education
No schooling
Elementary school
Junior-high school
High school
College/University
Post-graduate
Marital status
Married
Cohabitation
Divorced/Separated
Widowed
Single
Religion
No religion
Protestant
Catholic
Buddhism
Others
Cancer type
Gastric cancer
Colorectal cancer
Lung cancer
Time since diagnosis, mean±SD (yr)

70.80±6.24
281 (64.0)
158 (36.0)
46 (10.5)
168 (38.3)
82 (18.7)
101 (23.0)
39 (8.9)
3 (0.7)
319 (72.7)
13 (3.0)
22 (5.0)
83 (18.9)
2 (0.5)
155 (35.3)
85 (19.4)
33 (7.5)
160 (36.4)
6 (1.4)
181 (41.2)
173 (39.4)
85 (19.4)
1.11±1.01

5. Ethical statement
The survey was approved by the National Cancer Center’s
Institutional Review Board (NCCNCS13787).

2. Distribution of caregiving roles
1) By family type

Results
1. Participant characteristics
Table 1 shows the characteristics of the participants. On
average, they were 70.8 years old, ranging from 60 to 90.
More than half (281 persons, 64%) of the participants were
male. About half of the participants (48.8%) reported either
no schooling or completing primary school. Two thirds of
the participants (319 persons, 72.7%) were married. More
than three fifths (64.7%) reported they are religious. 41.2%
experienced gastric cancer, 39.4% colorectal cancer, and
19.4% lung cancer.

Out of the 439 participants (Table 1), 413 patients (94.1%)
belonged to the five family types: those with spouse, son(s),
and daughter(s); those with son(s) and daughter(s); those
with spouse and son(s); those with spouse and daughter(s);
and those who are alone. And the rest were those with
spouse only (n=4), those with sons only (n=13), and those
with daughters only (n=9). The following analyses were conducted with the major fvie family types.
Taking the availability of different resources of relationships in different family types into account, a consistent pattern was found (Table 2). First, spouse was the main source
of physical (71.2%), emotional (68.6%), clinic visit (49.1%),
and meal prep (64.6%) support. The reliance on spouse
decreased when it comes to the financial (34.6%) and decision-making (41.7%) support, for which the roles of adult
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Table 2. Role distribution by family type
Family type

No.
Physical support
Self
Spouse
Son
Daughter
Daughter-in-law
Others
Emotional support
Self
Spouse
Son
Daughter
Daughter-in-law
Others
Financial support
Self
Spouse
Son
Daughter
Daughter-in-law
Son-in-law
Siblings
Others
Decision support
Self
Spouse
Son
Daughter
Daughter-in-law
Son-in-law
Siblings
Clinic visit support
Self
Spouse
Son
Daughter
Daughter-in-law
Son-in-law
Siblings
Others
Meal prep support
Self
Spouse
Son
Daughter
Daughter-in-law

Values are presented as number (%).
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Total

Spouse+son
+daughter

Son
+daughter

Spouse
+son

Spouse
+daughter

Alone

227

81

64

35

3

4 (1.8)
202 (89.0)
6 (2.6)
10 (4.4)
5 (2.2)
0(

15 (18.5)
NA
27 (33.3)
26 (32.1)
12 (14.8)
1 (1.2)

1 (1.6)
61 (95.3)
1 (1.6)
NA
1 (1.6)
0(

1 (2.9)
29 (82.9)
NA
5 (14.3)
NA
0(

2 (66.7)
NA
NA
NA
NA
1 (33.3)

23 (5.6)
292 (71.2)
34 (8.3)
41 (10.0)
18 (4.4)
2 (0.5)

2 (0.9)
195 (85.9)
8 (3.5)
17 (7.5)
4 (1.8)
1 (0.4)

10 (12.3)
NA
29 (35.8)
32 (39.5)
9 (11.1)
1 (1.2)

3 (4.7)
59 (92.2)
1 (1.6)
NA
1 (1.6)
0(

0(
27 (77.1)
NA
8 (22.9)
NA
0(

2 (66.7)
NA
NA
NA
NA
1 (33.3)

17 (4.1)
281 (68.6)
38 (9.3)
57 (13.9)
14 (3.4)
3 (0.7)

41 (18.1)
99 (43.6)
62 (27.3)
22 (9.7)
3 (1.3)
0(
0(
0(

21 (25.9)
NA
42 (51.9)
14 (17.3)
1 (1.2)
1 (1.2)
1 (1.2)
1 (1.2)

23 (35.9)
19 (29.7)
22 (34.4)
NA
0(
NA
0(
0(

8 (22.9)
24 (68.6)
NA
3 (8.6)
NA
0(
0(
0(

2 (66.7)
NA
NA
NA
NA
0(
0(
1 (33.3)

95 (23.2)
142 (34.6)
126 (30.7)
39 (9.5)
4 (1.0)
1 (0.2)
1 (0.2)
2 (0.5)

39 (17.2)
118 (52.0)
47 (20.7)
19 (8.4)
4 (1.8)
0(
0(

20 (24.7)
NA
40 (49.4)
17 (21.0)
3 (3.7)
1 (1.2)
0(

19 (29.7)
29 (45.3)
14 (21.9)
NA
1 (1.6)
NA
1 (1.6)

4 (11.4)
24 (68.6)
NA
6 (17.1)
NA
0(
1 (2.9)

3 (100)
NA
NA
NA
NA
0(
0(

85 (20.7)
171 (41.7)
101 (24.6)
42 (10.2)
8 (2.0)
1 (0.2)
2 (0.5)

16 (7.0)
138 (60.8)
35 (15.4)
23 (10.1)
13 (5.7)
2 (0.9)
0(
0(

7 (8.8)
NA
25 (31.3)
28 (35.0)
16 (20.0)
1 (1.3)
0(
3 (3.8)

9 (14.1)
39 (60.9)
9 (14.1)
NA
6 (9.4)
NA
1 (1.6)
0(

2 (5.7)
24 (68.6)
NA
9 (25.7)
NA
0(
0(
0(

1 (33.3)
NA
NA
NA
NA
NA
1 (33.3)
1 (33.3)

35 (8.6)
201 (49.1)
69 (16.9)
60 (14.7)
35 (8.6)
3 (0.7)
2 (0.5)
4 (1.0)

36 (15.9)
181 (79.7)
0(
5 (2.2)
5 (2.2)

52 (64.2)
NA
3 (3.7)
10 (12.3)
16 (19.8)

7 (10.9)
56 (87.5)
1 (1.6)
NA
0(

7 (20.0)
28 (80.0)
NA
0(
NA

3 (100)
NA
NA
NA
NA

105 (25.6)
265 (64.6)
4 (1.0)
15 (3.7)
21 (5.1)

410
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Table 3. Role distribution by patient’s gender
Gender
Physical supporta)
Self
Spouse
Son
Daughter
Daughter-in-law
Emotional supportb)
Self
Spouse
Son
Daughter
Daughter-in-law
Financial supportc)
Self
Spouse
Son
Daughter
Daughter-in-law
Decision supportd)
Self
Spouse
Son
Daughter
Daughter-in-law
Clinic visit supporte)
Self
Spouse
Son
Daughter
Daughter-in-law
Meal prep supportf)
Self
Spouse
Son
Daughter
Daughter-in-law

Total

p-value

19 (12.0)
57 (36.1)
25 (15.8)
31 (19.6)
20 (12.7)

29 (6.6)
299 (68.1)
37 (8.4)
45 (10.3)
22 (5.0)

< 0.001

11 (3.9)
236 (84.0)
13 (4.6)
16 (5.7)
3 (1.1)

11 (7.0)
52 (32.9)
28 (17.7)
45 (28.5)
14 (8.9)

22 (5.0)
288 (65.6)
41 (9.3)
61 (13.9)
17 (3.9)

< 0.001

83 (29.5)
96 (34.2)
73 (26.0)
26 (9.3)
3 (1.1)

24 (15.2)
50 (31.6)
64 (40.5)
15 (9.5)
2 (1.3)

107 (24.4)
146 (33.3)
137 (31.2)
41 (9.3)
5 (1.1)

0.004

67 (23.8)
134 (47.7)
56 (19.9)
19 (6.8)
3 (1.1)

26 (16.5)
41 (25.9)
55 (34.8)
26 (16.5)
7 (4.4)

93 (21.2)
175 (39.9)
111 (25.3)
45 (10.3)
10 (2.3)

< 0.001

33 (11.7)
164 (58.4)
39 (13.9)
28 (10.0)
13 (4.6)

10 (6.4)
43 (27.4)
34 (21.7)
35 (22.3)
26 (16.6)

43 (9.8)
207 (47.3)
73 (16.7)
63 (14.4)
39 (8.9)

< 0.001

20 (7.1)
248 (88.3)
2 (0.7)
5 (1.8)
5 (1.8)

101 (63.9)
22 (13.9)
4 (2.5)
11 (7.0)
20 (12.7)

121 (27.6)
270 (61.5)
6 (1.4)
16 (3.6)
25 (5.7)

< 0.001

Male

Female

10 (3.6)
242 (86.1)
12 (4.3)
14 (5.0)
2 (0.7)

Values are presented as number (%). a-f)The exact numbers are as follows: a)7, b)10, c)3, d)5, e)14, f)1.

children got relatively more important. Between sons and
daughters, sons provided more financial support than
daughters (30.7% vs. 9.5%), as well as decision-making support (24.6% vs. 10.2%); daughters provided more emotional
support than sons (13.9% vs. 9.3%), as well as meal prep support (3.7% vs. 1.0%).
When the analysis was limited to the patients who have
only sons and daughters as available resources, this pattern

of gender difference was consistent: sons stood out for financial (51.9% vs. 17.3%) and decision-making support (49.4%
vs. 21.0%) compared to daughters, while daughters’ contribution to emotional support was slightly bigger (39.5% vs.
35.8%) compared to sons. Further comparison can be made
between those with spouse and sons and those with spouse
and daughters, in which the same pattern becomes more conspicuous: sons’ contribution to finance (34.4% vs. 8.6%) and
VOLUME 51 NUMBER 1 JANUARY 2019
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Table 4. Role distribution by patient’s age
Age group (yr)
Physical supporta)
Self
Spouse
Son
Daughter
Daughter-in-law
Emotional supportb),c)
Self
Spouse
Son
Daughter
Daughter-in-law
Financial supportd)
Self
Spouse
Son
Daughter
Daughter-in-law
Decision supporte)
Self
Spouse
Son
Daughter
Daughter-in-law
Clinic visit supportf)
Self
Spouse
Son
Daughter
Daughter-in-law
Meal prep supportg)
Self
Spouse
Son
Daughter
Daughter-in-law

Total

p-value

6 (5.9)
65 (63.7)
12 (11.8)
10 (9.8)
9 (8.8)

29 (6.7)
299 (69.2)
37 (8.6)
45 (10.4)
22 (5.1)

0.096

3 (2.8)
64 (59.3)
19 (17.6)
18 (16.7)
4 (3.7)

3 (3.0)
66 (65.3)
11 (10.9)
13 (12.9)
8 (7.9)

22 (5.1)
288 (67.1)
41 (9.6)
61 (14.2)
17 (4.0)

0.009

36 (27.9)
51 (39.5)
26 (20.2)
14 (10.9)
2 (1.6)

17 (15.6)
31 (28.4)
51 (46.8)
9 (8.3)
1 (0.9)

23 (22.1)
19 (18.3)
48 (46.2)
13 (12.5)
1 (1.0)

107 (24.5)
146 (33.5)
137 (31.4)
41 (9.4)
5 (1.1)

< 0.001

31 (33.3)
42 (45.2)
11 (11.8)
9 (9.7)
0(

31 (24.2)
59 (46.1)
22 (17.2)
13 (10.2)
3 (2.3)

16 (14.7)
40 (36.7)
38 (34.9)
13 (11.9)
2 (1.8)

15 (14.4)
34 (32.7)
40 (38.5)
10 (9.6)
5 (4.8)

93 (21.4)
175 (40.3)
111 (25.6)
45 (10.4)
10 (2.3)

< 0.001

14 (14.9)
50 (53.2)
13 (13.8)
12 (12.8)
5 (5.3)

14 (11.2)
68 (54.4)
17 (13.6)
18 (14.4)
8 (6.4)

8 (7.5)
47 (44.3)
22 (20.8)
17 (16.0)
12 (11.3)

7 (7.0)
42 (42.0)
21 (21.0)
16 (16.0)
14 (14.0)

43 (10.1)
207 (48.7)
73 (17.2)
63 (14.8)
39 (9.2)

0.201

30 (31.6)
62 (65.3)
1 (1.1)
1 (1.1)
1 (1.1)

35 (26.9)
85 (65.4)
2 (1.5)
3 (2.3)
5 (3.8)

31 (28.4)
65 (59.6)
2 (1.8)
3 (2.8)
8 (7.3)

25 (24.0)
58 (55.8)
1 (1.0)
9 (8.7)
11 (10.6)

121 (27.6)
270 (61.6)
6 (1.4)
16 (3.7)
25 (5.7)

0.042

60-65

66-70

71-75

 76

7 (7.4)
74 (77.9)
3 (3.2)
9 (9.5)
2 (2.1)

11 (8.7)
91 (72.2)
7 (5.6)
12 (9.5)
5 (4.0)

5 (4.6)
69 (63.3)
15 (13.8)
14 (12.8)
6 (5.5)

5 (5.3)
71 (74.7)
3 (3.2)
14 (14.7)
2 (2.1)

11 (8.8)
87 (69.6)
8 (6.4)
16 (12.8)
3 (2.4)

31 (33.0)
45 (47.9)
12 (12.8)
5 (5.3)
1 (1.1)

Values are presented as number (%). a-g)The exact numbers are: a)7, b)10, c)5, d)3, e)5, f)14, g)1 cell (25.0%) have expected count
less than 5, and thus the interpretation of the 2 statistics warrants caution.

decision-making (21.9% vs. 17.1%) is even higher than
daughters’; and daughters’ contribution to emotional support (22.9% vs. 1.6%) than sons’.
2) By patient’s gender
To compare the responsibility distribution depending on
the patient’s gender, chi-square statistics was used after
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deleting the options with less than five cases. This left self,
spouse, sons, daughters, and daughters-in-law in the analyses. As Table 3 shows, more male patients tend to rely on
spousal support on physical (86.1% vs. 36.1%) and emotional
needs (84.0% vs. 32.9%) than female patients. More female
patients seemed to depend on their daughters for physical
support (19.6% vs. 5.0%) than male patients, as well as for
emotional support (28.5% vs. 5.7%). As far as financial needs
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are concerned, more male patients reported the couple cared
for themselves than female patients’ report (63.7% vs. 46.8%).
Still, more female patients reported their reliance on sons
than male patients did in terms of financial needs (40.5% vs.
26.0%) and decision-making (34.8% vs. 19.9%). On mealprep, male patients relied heavily on their spouses (88.3%),
whereas female patients cared for themselves (63.9%) if not
relying on their daughters-in-law (12.7%).
In order to see whether this gender difference could be
attributed to the availability of spouse resource, additional
analyses were conducted with only the patients who have
spouses (S1 Table). In this case, the difference between male
and female patients’ reliance on spousal support was less
noteworthy, regarding physical (94.1% vs. 75%), emotional
(91.8% vs. 68.4%), financial (37.5% vs. 64.5%), and decisionmaking (52.3% vs. 53.9%) support. Still, the adult children’s
gender difference showed consistent pattern, where sons
took up the responsibility of financial and decision-making
needs while daughters took up the share of physical and
emotional support, when the patient’s spouse was not available.
3) By patient’s age
To compare the responsibility distribution depending on
the patient’s age, chi-square statistics was used after deleting
the options with less than five cases. This left self, spouse, sons,
daughters, and daughters-in-law in the analyses. Table 4
shows the results for those who are 60 through 65 years old,
66 through 70 years old, 71 through 75 years old, and 76
years old or above. The older the patients were, the more
likely they relied on their adult children’s support. Even
though spouse was the most important source of emotional
support for all age groups, the percentage declines rather
gradually (74.7%, 69.6%, 59.3%, and 65.3%), which is
replaced by their increasing reliance on daughters and
daughters-in-law (16.8%, 15.2%, 20.4%, and 20.8%) and on
sons (3.2%, 6.4%, 17.6%, and 10.9%). This pattern is more conspicuous in financial and decision-making support. Patients
reported taking care of themselves less and less, financially
(80.9%, 66.5%, 44.4%, and 40.4%) and in decision-making
(78.5%, 70.3%, 51.4%, and 47.1%). The decline seems to be
taken over by their sons in finance (12.8%, 20.2%, 46.8%, and
46.2%) and in decision-making (11.8%, 17.2%, 34.9%, and
38.5%).
In order to see whether this age difference could be attributed to the availability of spouse resource, additional analyses were conducted with only the patients who have spouses
(S2 Table). Above all, the patient’s dependence on spouse
was rather steady across domains of support: most obviously
for emotional support (88.8%, 85.3%, 83.1%, and 89.0%),
clinic visit support (62.5%, 65.7%, 59.7%, and 56.2%), and

meal prep support (77.5%, 83.3%, 84.4%, and 79.5%). Still, the
same pattern of sons’ taking over the role was observed on
the financial (11.3%, 14.7%, 40.3%, and 41.1%) and decisionmaking needs (10.0%, 12.7%, 26.0%, and 28.8%).

Discussion
1. Summary of the results and implications
As one of the first attempts to describe different sources of
support in terms of cancer caregiving, the current study provided insight on the responsibility distribution among family
members in Korean cultural context. Particularly by employing in-person administration of the survey, the responses
from elderly cancer patients were recorded accurately by
trained research assistants. Also the current study is composed of a nationwide sample from diverse geographical
areas, and thus the findings can suggest multiple clinical
implications generalizable to the population.
The results show, first of all, caregiving tasks are shared
by multiple caregivers. Remarkably few studies have taken
into account the involvement of multiple caregivers and how
best to tailor existing interventions and assess outcomes for
such circumstances, even while in taking care of a cancer
patient, the responsibility gets easily imposed on one primary caregiver and the caregiver’s experience is reported to
be negative and perceived as a burden [16]. Understanding
the characteristics and resources of the family can therefore
help service providers work effectively with multiple caregiver families or groups and suggest strategies for sharing
caregiving responsibilities.
More specifically, the current study showed the patients’
heavy reliance on their spouses, if available, particularly on
physical, emotional, clinic visit, and meal prep needs. Considering that all the participants of the current study were 60
years old or above, couples take care of each other even if the
caregiver might not be in a good shape either. Speaking of
caregivers of the general U.S. population, for example, 34
percent of the caregivers are 65 years old or above [17].
Together with this statistics, the need of strategic interventions to support the elder patient and caregiver dyads is
heightened.
In the current study, different gender roles were evidenced
as well. Adult children, sons and daughters, took up different tasks: sons provided more financial support and decision-making support than daughters, while daughters
provided more emotional support than sons. In addition,
male patients showed more reliance on their spouses than
female patients did, and the difference seemed to be taken
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over by daughters and daughters-in-law for female patients,
particularly on physical and emotional needs. Again, when
the financial and decision-making support are involved,
however, patients’ reliance on female caregivers decreases.
Male spouses and sons, instead of female spouses and
daughters, took up the responsibility of providing support
on those needs. In a Confucian culture, like Korea, men are
viewed as a source of monetary support and a decision
maker in family [18]. On the other hand, women are expected
to take care of the house-chores and to provide emotional
and daily-living related support to the family. The results
were consistent with this gender expectation, including the
contribution of daughters-in-law on meal prep support.
When patients’ age was counted, the older the patients
were, the more they depended on their adult children. It is
not surprising to see adult children take over the responsibility as patients age and get weaker. Particularly in the era
with nuclear families as a norm, the aging population and
the caregiving of the elderly concerns many families. The
coordination of different types of support is necessary,
according to the current study and the literature [12-16]. And
thus it is recommended to involve the multiple family members, including sons, daughters, and daughters-in-law, in
planning any support programs for the elderly cancer
patients in diverse situations with respect to different family
structure, gender, and age.
In sum, the literature reports that the family caregivers of
cancer patients encounter multiple stressors as well [1-3,
12-16]. However, we do not recognize their needs or their
struggles yet in the cancer care system. Considering that the
family caregivers are not necessarily educated in healthrelated fields, certain information on cancer and its care will
help. In providing professional care, the medical professionals need to acknowledge different dynamics in family, if
hard, so that the interventions could be more effective and
efficient.

support seeking between patients and caregivers.
A longitudinal design that includes multiple types of cancer, therefore, can provide in-depth insights for the needs
and the adaptation of cancer patients and their family caregivers over the course of their cancer care and survivorship.
The majority of the current study participants (96.6%) have
had cancer for less than 2 years, which made it hard to notice
a change according to the time since diagnosis. However, it
is possible to have a shift from physical and decision-making
needs in going through aggressive treatments in the first few
years since diagnosis to emotional needs in returning to their
routine. Therefore, in a longitudinal design, the interaction
between patient’s family structure, gender, age, and the caregivers’ support domains can be more specific and provide
in-depth insights when the patients serve as their own control group with repeated measurements.
Notwithstanding its limitations, the current study provides insights on the types of support and the providers for
elderly cancer care among family members. Above all, cancer
caregiving for the elderly takes multiple family caregivers,
including the phenomenon of elderly cancer patients’ heavy
reliance on their spouses, even while the spouses could be
very old as well, being later complemented by their adult
children who take up different responsibilities to provide
care for their parents. Further, the patients’ reliance on multiple sources of support differed depending on their family
type, gender, and age. In the cultural context where individual family takes the caregiving role, therefore, the current
study testifies the importance of understanding the diverse
family environments and suggests the need to develop interventions involving multiple caregivers.

2. Limitations and suggestions

Conflicts of Interest

In the current study, the type of cancer was limited to the
three prevalent ones in Korea: gastric, colorectal, and lung
cancers. More diverse sample of cancer types is desirable as
the patients’ reliance on family caregivers might vary
depending on the types of cancer. For example, caregivers
pay close attention to the meal prep for gastric and colorectal
cancer patients as they believe in the consequences of food
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prostate cancer might as well connotate different pattern of

148

CANCER RESEARCH AND TREATMENT

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

Conflict of interest relevant to this article was not reported.
Acknowledgments
This study was sponsored by the National Cancer Center (Grant
No. 1610312) and partially by the National Research Foundation
(Grant No. 2017R1C1B5076469).

Ansuk Jeong, Cancer Caregiving Roles

References
1. Glajchen M. The emerging role and needs of family caregivers
in cancer care. J Support Oncol. 2004;2:145-55.
2. Gaston-Johansson F, Lachica EM, Fall-Dickson JM, Kennedy
MJ. Psychological distress, fatigue, burden of care, and quality
of life in primary caregivers of patients with breast cancer
undergoing autologous bone marrow transplantation. Oncol
Nurs Forum. 2004;31:1161-9.
3. Haley WE. Family caregivers of elderly patients with cancer:
understanding and minimizing the burden of care. J Support
Oncol. 2003;1(4 Suppl 2):25-9.
4. Dilworth-Anderson P, Goodwin PY, Williams SW. Can culture help explain the physical health effects of caregiving over
time among African American caregivers? J Gerontol B Psychol Sci Soc Sci. 2004;59:S138-45.
5. Jones PS, Zhang XE, Jaceldo-Siegl K, Meleis AI. Caregiving
between two cultures: an integrative experience. J Transcult
Nurs. 2002;13:202-9.
6. Wallhagen MI, Yamamoto-Mitani N. The meaning of family
caregiving in Japan and the United States: a qualitative comparative study. J Transcult Nurs. 2006;17:65-73.
7. Pinquart M, Sorensen S. Ethnic differences in stressors,
resources, and psychological outcomes of family caregiving:
a meta-analysis. Gerontologist. 2005;45:90-106.
8. Knight BG, Sayegh P. Cultural values and caregiving: the
updated sociocultural stress and coping model. J Gerontol B
Psychol Sci Soc Sci. 2010;65:5-13.
9. Scharlach AE, Kellam R, Ong N, Baskin A, Goldstein C, Fox
PJ. Cultural attitudes and caregiver service use: lessons from
focus groups with racially and ethnically diverse family caregivers. J Gerontol Soc Work. 2006;47:133-56.
10. National Cancer Information Center [Internet]. Goyang:
National Cancer Center; 2017 [cited 2017 Jul 12]. Available
from: http://www.cancer.go.kr/mbs/cancer/subview.jsp?id
=cancer_040401000000.

11. Goo AJ, Shin DW, Yang HK, Park JH, Kim SY, Shin JY, et al.
Cross-cultural application of the Korean version of the EORTC
QLQ-ELD14 questionnaire for elderly patients with cancer. J
Geriatr Oncol. 2017;8:271-6.
12. Jeong A, An JY, Park JH, Park K. What cancer means to the
patients and their primary caregivers in the family-accounted
Korean context: a dyadic interpretation. Psychooncology.
2017;26:1777-83.
13. Wolff JL, Roter DL, Given B, Gitlin LN. Optimizing patient
and family involvement in geriatric home care. J Healthc Qual.
2009;31:24-33.
14. Shin DW, Cho J, Roter DL, Kim SY, Sohn SK, Yoon MS, et al.
Preferences for and experiences of family involvement in cancer treatment decision-making: patient-caregiver dyads study.
Psychooncology. 2013;22:2624-31.
15. Shin DW, Cho J, Roter DL, Kim SY, Park JH, Yang HK, et al.
Patient's cognitive function and attitudes towards family
involvement in cancer treatment decision making: a patientfamily caregiver dyadic analysis. Cancer Res Treat. 2018;50:
681-90.
16. Park CH, Shin DW, Choi JY, Kang J, Baek YJ, Mo HN, et al.
Determinants of the burden and positivity of family caregivers
of terminally ill cancer patients in Korea. Psychooncology.
2012;21:282-90.
17. Family Caregiver Alliance [Internet]. San Franciso, CA: Family
Caregiver Alliance; 2017 [cited 2017 Nov 21]. Available from:
https://www.caregiver.org/caregiver-statistics-demographics.
18. Park BJ. Patriarchy in Korean society: substance and appearance of power. Korea J. 2001;41:48-73.
19. Chapple A, Ziebland S, McPherson A. Stigma, shame, and
blame experienced by patients with lung cancer: qualitative
study. BMJ. 2004;328:1470.

VOLUME 51 NUMBER 1 JANUARY 2019

149

pISSN 1598-2998, eISSN 2005-9256
https://doi.org/10.4143/crt.2017.476

Cancer Res Treat. 2019;51(1):150-157

Open Access

Original Article

The Prognostic Role of Circulating Epstein-Barr Virus DNA Copy
Number in Angioimmunoblastic T-Cell Lymphoma Treated with
Dose-Adjusted EPOCH

Jin-Hua Liang, MD1,2,3
Luo Lu, MD1,2,3
Hua-Yuan Zhu, PhD1,2,3
Wang Li, PhD1,2,3
Lei Fan, PhD1,2,3
Jian-Yong Li, PhD1,2,3
Wei Xu, PhD1,2,3

1
Department of Hematology, The First
Aliated Hospital of Nanjing Medical
University, Jiangsu Province Hospital,
Nanjing, 2Key Laboratory of Hematology of
Nanjing Medical University, Nanjing,
3
Collaborative Innovation Center for Cancer
Personalized Medicine, Nanjing, China

+ Correspondence:
+ + + + + + +Wei
+ +Xu,
+ PhD
+++++++++
+ Department
+ + + + + of+ Hematology,
+ + + + + The
+ + First
+ + Affiliated
++++
+ Hospital
+ + + +of+Nanjing
+ + + Medical
+ + + +University,
+++++++
+ + + + Province
+ + + + + + + +Collaborative
++++++++
+ Jiangsu
+ + + + + + +Hospital,
++++++++++++
+ Innovation
+ + + + +Center
+ + +for+Cancer
+ + +Personalized
+++++++
+ Medicine,
+ + + + Nanjing
+ + + +210029,
+ + +China
++++++++
+ Tel:
+ +86-25-83781120
+++++++++++++++++
+ Fax:
+ +86-25-83781120
+++++++++++++++++
+ E-mail:
+ + + xuwei10000@hotmail.com
++++++++++++++++
++++++++++++++++++++
+ Co-correspondence:
+ + + + + + + + Jian-Yong
+ + + + Li,
+ +PhD
+++++
+ Department
+ + + + + of+ Hematology,
+ + + + + The
+ + First
+ + Affiliated
++++
+ Hospital
+ + + +of+Nanjing
+ + + Medical
+ + + +University,
+++++++
+ Jiangsu
+ + + Province
+ + + +Hospital,
+ + + +Collaborative
++++++++
+ Innovation
+ + + + +Center
+ + +for+Cancer
+ + +Personalized
+++++++
++++++++++++++++++++
Medicine,
Nanjing
210029,
China
++++++++++++++++++++
+ Tel:
+ +86-25-83781120
+++++++++++++++++
+ Fax:
+ +86-25-83781120
+++++++++++++++++
+ E-mail:
+ + + lijianyonglm@medmail.com.cn
++++++++++++++++
++++++++++++++++++++
+ Received
+ + + + October
+ + + 10,
+ +2017
++++++++++
+ Accepted
+ + + + March
+ + +30,+ 2018
+++++++++++
+ Published
+ + + + Online
+ + + April
+ + +2, +2018
++++++++
++++++++++++++++++++
+ *Jin-Hua
+ + + +Liang
+ + + +Luo
+ + + + + + + +equally
+++
+ to+ this
+ +work.
+ + + and
+ + + +Lu+contributed
++++++++
++++++++++++++++++++

150

Purpose
Determine the frequency and prognostic value of circulating Epstein-Barr virus (EBV) DNA
copy number in angioimmunoblastic T-cell lymphoma (AITL) patients who were treated with
dose-adjusted etoposide, prednisone, vincristine, cyclophosphamide and doxorubicin
(DA-EPOCH) regimens.
Materials and Methods
Sixty newly-diagnosed AITL patients were retrospectively enrolled in the present study. All
patients were treated with DA-EPOCH regimen.
Results
Twenty-two subjects (36.7%) had a EBV DNA-positive test at diagnosis. EBV DNApositive
patients were associated with lower lymphocyte-monocyte ratio (p=0.024). Median followup was 40 months (range, 14 to 100 months). The overall response rate for all the 60 AITL
patents were 71.7% (95% confidence interval [CI], 58.6 to 82.5) with 3-year progressivefree survival (PFS) rate of 30.9%±6.1% and overall survival (OS) rate of 60.1%±6.6%. Not
only did PFS estimation differ between the EBV DNApositive and EBV DNAnegative group
(hazard ratio [HR], 2.24; 95% CI, 1.15 to 4.35; p=0.006), but also worse OS was observed
in the pretreatment EBV DNApositive group than in the EBV DNAnegative group (HR,
2.74; 95% CI, 1.22 to 6.19; p=0.006). EBV DNA test positivity was independent prognostic
marker for both PFS (HR, 2.17; 95% CI, 1.17 to 4.00; p=0.014) and OS (HR, 3.24; 95% CI,
1.48 to 7.11; p=0.004) after adjusting International Prognostic Index and prognostic index
for AITL score. Reduction in EBV copies was significantly associated with therapy-response.
Conclusion
Circulating EBV DNA level was an important prognostic and monitoring marker for AITL
patients who treated with DA-EPOCH regimens which cannot improve outcomes for AITL
patients.

Key words
Angioimmunoblastic T-cell lymphoma, Epstein-Barr virus DNA,
Survival, Prognosis
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Introduction
Angioimmunoblastic T-cell lymphoma (AITL) is one of the
most frequent peripheral T-cell lymphomas and clinically
characterized by widespread lymphadenopathy, and commonly, extranodal disease, immune-mediated hemolysis,
and polyclonal hypergammaglobulinemia [1]. Both the neoplastic T cells of T follicular helper (TFH) cells and tumor
microenvironment (TEM) which contained reactive component made of small lymphocytes, histiocytes, eosinophils,
plasma cells, and B immunoblasts are involved in the maintenance of tumor cell viability [2,3].
Within this AITL TEM, some of the B immnunoblasts are
Epstein-Barr virus (EBV)positive, which can drive the
development of a EBV-positive B-cell lymphoma [4]. However, the pathogenetic role of EBV infection/reactivation of
these B cells in AITL development is unclear. It is unknown
whether EBV-positive B cells are involved in AITL lymphomagenesis and development of the TEM or merely occur
as a sequence of an underlying “immune dysfunction” [4-6].
The prognostic roles of EBV DNA in plasma or whole blood
have been explored in many other EBV-associated lymphomas [7-12]. However, no studies were specially focused
on the prognostic role of EBV DNA in whole blood for AITL
patients. In this study, we focused on the frequency and
prognostic roles of EBV DNA in 60 AITL patients who were
all treated with the regimen of dose-adjusted etoposide,
prednisone, vincristine, cyclophosphamide and doxorubicin
(DA-EPOCH) [13,14].

Materials and Methods
1. Subjects
Sixty consecutive newly-diagnosed AITL patients were
enrolled in this study from February, 2009 to November,
2015. Diagnosis of AITL was based on criteria of 2008 World
Health Organization classification [1]. Baseline clinical characteristics were totally available, including age, sex, Ann
Arbor stage, B symptoms, Eastern Cooperative Oncology
Group (ECOG) performance status, extranodal sites, lactate
dehydrogenase (LDH), platelet counts (PLT), lymphocytemonocyte ratio (LMR), bone marrow involvement (BMI),
prognostic index for angioimmunoblastic T-cell lymphoma
(PIAI) score (which including age > 60, ECOG performance
status > 2, extranodal sites of disease > 1, presence of B symptoms, and a PLT < 150109/L). Furthermore, anti-EBV antibody tests (Epstein-Barr nuclear antigen [EBNA]-IgG, EBV-

CA-IgG, EBV-CA-IgA, EBV-CA-IgM, and EBV-EA-IgG)
were done in some subjects. All patients were treated with
DA-EPOCH regimen [13,14]. Response criteria were reported
using standard criteria [15] and response were classified as
complete response (CR), unconfirmed CR (CRu), partial
response (PR), stable disease, and progressive disease (PD).
2. EBV-DNA by real-time PCR
Whole blood samples were collected in an EDTA-containing tube and DNA extracted with the EBV-PCR Fluorescence
Quantitative Diagnostic Kit (Da An Gene Co., Guangzhou,
China). Quantification of EBV-specific sequences was performed by RQ-PCR assay with an ABI PRISM 7500 (Applied
Biosystems, Foster City, CA). Copy number was calculated
from a standard curve. The lower boundary of test sensitivity
was 5103 copies/mL. Subjects with values < 5103 copies/
mL were scored as EBV-DNA-negative including potentially
subjects with no copies and subjects with values of 1 to
< 5103 copies/mL.
3. Statistics
Fisher exact test was applied to categorical variables and
the Mann-Whitney U test to continuous variables. The discriminative ability of the characteristics was determined
using time-dependent receiver-operator characteristics curves
and the corresponding areas under the curve (AUCs) were
calculated to assess the predictive accuracy of the characteristics. Progressive-free survival (PFS) was defined as interval
from diagnosis to first progression, relapse. Overall survival
(OS) was defined as interval from diagnosis to death, loss to
follow-up or July, 2017. Survival curves were constructed by
Kaplan-Meier method, and log-rank test used to test for significant differences. Associations between variables and EBV
DNA testing results were interrogated in univariable analyses. Variables with significant associations were included in
multivariable Cox proportional hazards regression analyses.
Statistical analyses were performed using SPSS software for
Windows ver. 17.0 (SPSS Inc., Chicago, IL). p-values < 0.05
were considered significant. Data were analyzed as of July
1, 2017. Median follow-up is 40 months (range, 14 to 100
months).
4. Ethical statement
The study was approved by the Ethics Committee of the
First Affiliated Hospital of Nanjing Medical University. Subjects provided written informed consent and carried out
according to the Declaration of Helsinki.
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Table 1. Clinical characteristics with the analysis of pretreatment EBV DNA
Characteristic

No. (%)
(n=60)

Male sex
B symptoms
Age > 60 yr
ECOG 2-4
Stage III-IV
LDH > 1ULN
Extranodal sites > 1
BMI involvement
PLT < 150109/L
PIAI score 2-5
LMR < 1.7
EBV DNA-positivity

38 (63.3)
40 (66.7)
26 (43.3)
21 (35.0)
53 (88.3)
35 (58.3)
23 (38.3)
17 (28.3)
29 (48.3)
45 (75.0)
21 (35.0)
22 (36.7)

EBV DNA–positivity EBV DNA–negativity
(n=22)
(n=38)
16 (72.7)
16 (72.7)
7 (31.8)
8 (36.4)
21 (95.5)
14 (63.6)
9 (40.9)
7 (31.8)
10 (45.4)
16 (72.7)
12 (54.5)
-

22 (57.9)
24 (63.1)
19 (50.0)
13 (34.2)
32 (84.2)
21 (55.3)
14 (36.8)
10 (26.3)
19 (50.0)
29 (76.3)
9 (23.7)
-

p-value
0.281
0.537
0.190
> 0.999
0.077
0.408
0.417
0.769
0.987
> 0.999
0.024
-

Values are presented as number (%). EBV, Epstein-Barr virus; ECOG, Eastern Cooperative Oncology Group; LDH, lactate
dehydrogenase; ULN, upper limits of normal; BMI, bone marrow involvement; PLT, platelet; PIAI, prognostic index for
angioimmunoblastic T-cell lymphoma; LMR, lymphocyte-monocyte ratio.

Results
1. Subjects
Twenty-two subjects (36.7%) had a positive EBV DNA test
at diagnosis. Median viral concentration was 7.20105
copies/mL (range, 8.36103 to 5.58106 copies/mL). Only 10
patients had pretreatment results of anti-EBV antibody tests.
And all the 10 subjects had serological evidence of prior EBVinfection (EBNA-IgG–positive and EBV-CA-IgG–positive).
Three out of the 10 subjects also had EBV-EA-IgG–positive
and all the patients were both EBV-CA-IgA–negative and
EBV-CA-IgM–negative. Clinical variables are compared
between the EBV DNA–positive and –negative cohorts in
Table 1. The median age was 60 years (range, 33 to 79 years)
and 43.3% of them were more than 60 years old. There was a
male predominance (38 men and 22 women). Most patients
(88.3%) were at advanced stage and 58.3% had elevated LDH
levels. B symptoms were observed in 66.7%. Twenty-one
patients (35.0%) had an ECOG performance status (PS) score
of more than 2, and 23 patients (38.3%) had more than one
extranodal sites. BMI was found in 17 patients (28.3%) and
45 patients (75.0%) had PIAI score of 3-5. The optimal cut-off
value for defining LMR according to OS was 1.7 (sensitivity,
45%; specificity, 91%; AUC, 0.668; p=0.024) and this cut-off
point also had significant predictive value for PFS. Among
the 21 patients who had LMR less than 1.7, there were 12
patients in EBV DNApositive group while nine patients in
EBV DNAnegative group (p=0.024). However, no signifi-
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cant differences were observed between EBV DNA–positive
and –negative group according to other clinical characteristics (Table 1).
2. Clinical outcomes of the regimen of DA-EPOCH for
AITL patients
Response at the end of the treatment was assessed after
treatment completion for 60 patients. Seven patients received
upfront autologous hematopoietic stem cell transplantation
(ASCT) after completion of six cycles of DA-EPOCH while
only one patient received ASCT after salvage chemotherapy.
And one patient received allogeneic hematopoietic stem cell
transplantation after salvage chemotherapy. Twenty-two
patients achieved a CR or CRu (36.7%; 95% confidence interval [CI], 24.6 to 50.1). Twenty-one patients (35.0%; 95% CI,
23.1 to 48.4) had a partial response, leading to an overall
response rate (ORR) of 71.7% (95% CI, 58.6 to 82.5). With a
median follow-up of 40 months (range, 14 to 100 months),
the 3-year PFS rate was 30.9%±6.1% and the OS rate was
60.1%±6.6% (Fig. 1A). Twenty-seven patients (45.0%) were
dead. Among these patients, 22 patients (81.5%) were attributed to disease progression and the other five patients
(18.5%) were to serious infection. Of note, no patients developed diffuse large B-cell lymphoma during the follow-up
period. For EBV DNA–positive patients (22 patients), the
3-year PFS rate was 6.8%±6.1% and the OS rate was
43.8%±11.0% while for EBV DNAnegative group (38
patients), 3-year PFS rate was 44.7%±8.1% and the OS rate
was 69.4%±7.9%.
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3. Prognostic value of pretreatment EBV-DNA
Not only did PFS estimation differ between the EBV DNA–
positive and EBV DNA–negative group (HR, 2.24; 95% CI,
1.15 to 4.35; p=0.006), but also worse OS was observed in the
pretreatment EBV DNA–positive group than in the EBV
DNA–negative group (HR, 2.74; 95% CI, 1.22 to 6.19;
p=0.006); this is shown in Fig. 1B and C.
Variables significantly associated with PFS in univariable
analyses were entered into multivariate analyses. BMI
involvement (HR, 2.26; 95% CI, 1.17 to 4.35; p=0.015), PLT
< 150109/L (HR, 2.52; 95% CI, 1.34 to 4.74; p=0.004) and
EBV-DNA positivity (HR, 2.17; 95% CI, 1.17 to 4.00; p=0.014)
were significantly associated with PFS (Table 2). Variables
significantly associated with OS in univariable analyses were
entered into multivariable analyses. ECOG score of 2-4 (HR,
2.61; 95% CI, 1.21 to 5.64; p=0.015), LDH > 270 U/L (HR, 2.60;
95% CI, 1.08 to 6.27; p=0.034) and EBV DNA positivity (HR,
3.24; 95% CI, 1.48 to 7.11; p=0.004) were significantly associated with OS (Table 2).
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Twenty-two subjects with an EBV DNApositive test at
diagnosis had sequential measurements of EBV copies during therapy and follow-up (Fig. 2). Eight patients who experienced PD before the completion of six cycles of DA-EPOCH
were all with elevated EBV DNA copy number. And six of
eight patients were dead at the end of follow-up deadline.
Among the seven patients achieved PR at the end of completion of DA-POCH treatment, only three patients were with
undetectable EBV-DNA copy number and two of these three
patients were alive at the end of follow-up deadline. As
regard to the seven patients who were assessed as CR/CRu
at the end of completion of DA-EPOCH treatment, the copy
number of EBV-DNA was all decreased into undetectable
level while five of them experienced PD during the followup.
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Fig. 1. (A-C) Progressive-free survival (PFS) (B) and overall survival (OS) (C) for 60 patients with the analysis of
pretreatment Epstein-Barr virus (EBV) DNA status.

Similar to natural killer/T-cell lymphoma, AITL has been
showed to have an intricate relationship to EBV. The majority
of large B cells in the TEM can be shown by in situ hybridization to have active EBV while the malignant TFH will not
[4-6]. However, the nature of the relationship between EBV
and AITL is unclear. Some argue that the presence of EBV
reflects the profound immune-deficient state for AITL
patients which are also demonstrated in the present study
VOLUME 51 NUMBER 1 JANUARY 2019

153

Cancer Res Treat. 2019;51(1):150-157

At the end of
DA-EPOCH treatment

Changes of EBV-DNA
with therapy

Post of DA-EPOCH
treatment

Outcome

PD

8 PD

EBV-DNA (copy/mL)

107

Subject 1
Subject 2
Subject 3
Subject 4
Subject 5
Subject 6
Subject 7
Subject 8

106
105

6 Dead
8 PD
2 Alive

M
idte
rm

Cy
cle
1

104
< 5,000

PR

22
EBV-DNA
(+)

7 PR

EBV-DNA (copy/mL)

107

Subject 9
Subject 10
Subject 11
Subject 12
Subject 13
Subject 14
Subject 15

106
105

5 Dead
7 PD
2 Alive

r
co trea
mp tm
let ent
ion

Af
te

M
idte
rm

Cy
cle
1

104
< 5,000

CR/CRu

7 CR/CRu

EBV-DNA (copy/mL)

107
106
105

Subject 16
Subject 17
Subject 18
Subject 19
Subject 20
Subject 21
Subject 22

4 Dead
5 PD
1 Alive
2 CR/CRu

2 Alive

Cy
cle
Cy 1
cle
Cy 2
cl
M e3
idte
rm
Cy
cle
Af
te
rt
Cy 4
re
cle
at
5
me
C
nt yc
co le
mp 6
le
Fo tion
llo
wup

104
< 5,000

Fig. 2. Sequential measurements of Epstein-Barr virus (EBV) copies number during therapy and follow-up of 22 EBV
DNApositive angioimmunoblastic T-cell lymphoma patients and therapy response. DA-EPOCH, dose-adjusted etoposide,
prednisone, vincristine, cyclophosphamide and doxorubicin; PD, progressive disease; PR, partial response; CR, complete
response; CRu, unconfirmed CR.
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Table 2. Univariate and multivariate Cox regression analyses of PFS and OS
Characteristic

Univariate
analyses (PFS)
HR (95% CI)

Male sex
B symptoms
Age > 60 yr
ECOG 2-4
Stage III-IV
LDH > 1ULN
Extranodal sites > 1
BMI involvement
PLT < 150109/L
EBV DNA-positivity

0.91 (0.48-1.72)
1.73 (0.94-3.18)
1.01 (0.55-1.85)
1.32 (0.70-2.49)
1.90 (0.85-4.27)
1.31 (0.72-2.38)
1.13 (0.61-2.01)
2.21 (1.04-4.69)
2.29 (1.24-4.21)
2.24 (1.15-4.35)

Multivariate
analyses (PFS)

p-value HR (95% CI)
0.765
0.100
0.983
0.370
0.210
0.385
0.698
0.010
0.005
0.006

2.26 (1.17-4.35)
2.52 (1.34-4.74)
2.17 (1.17-4.00)

Univariate
analyses (OS)

p-value HR (95% CI)
0.015
0.004
0.014

0.88 (0.40-1.96)
1.26 (0.46-2.13)
0.99 (0.46-2.13)
2.38 (1.06-5.38)
1.86 (0.60-5.72)
2.59 (1.22-5.51)
2.00 (0.91-4.42)
0.97 (0.41-2.28)
1.88 (0.88-4.02)
2.74 (1.22-6.19)

Multivariate
analyses (OS)

p-value HR (95% CI)
0.757
0.576
0.981
0.020
0.391
0.023
0.065
0.949
0.099
0.006

2.61 (1.21-5.64)
2.60 (1.08-6.27)
3.24 (1.48-7.11)

p-value
0.015
0.034
0.004

PFS, progression-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative
Oncology Group; LDH, lactate dehydrogenase; ULN, upper limits of normal; BMI, bone marrow involvement; PLT, platelet;
EBV, Epstein-Barr virus.

with the fact that more EBV DNApositive patients were
associated lower LMR [2-4]. However, others argue that EBV
itself drives the development of AITL [2-4,16]. Delfau-Larue
et al. [17] demonstrated that EBV detection in peripheral
blood mononuclear cell correlated strongly with EBV quantification by Epstein-Barr encoding region in lymph node
biopsies and the presence of circulating EBV DNA is strongly
associated with the presence of circulating AITL tumor cells.
Recently, Chen et al. [12] showed that elevated plasma EBV
DNA was associated with shorter survival in 135 peripheral
T-cell lymphoma patients which included 25 AITL patients.
Here, we focused on the entity of AITL subtype which were
also based on the same regimen of DA-EPOCH, and found
that EBV-DNA in whole blood were independent risk factor
of survivals (PFS and OS) for 60 AITL patients and reduction
in EBV copies was significantly correlated with therapyresponse.
Overall, the prognosis for AITL patients is poor with the
median OS of less than 3 years in most studies [6]. Many
treatment strategies, ranging from intensive combination
chemotherapy to adding new drug to conventional chemotherapy have been evaluated for AITL patients. Adding new
drugs of etoposide and bleomycin in the MACOP-B to CHOP
regimen have failed to increase the survival rate for AITL
patients [18,19]. Given the important role of TEM in AITL
patients, some attempts to add the drug of attacking the vascular irregularities and B-cell blast to CHOP have been evaluated in AITL patients [17,20,21]. Avastin, a vascular endothelial growth factor antagonist has been combined with
CHOP with avastin maintenance in a phase II study. However, due to the significant cardiac toxicity, it was not further

explored [20,21]. Rituximab, targeting B-cells was also
employed in combination with CHOP in a phase II study,
which included 25 AITL patients [17]. The ORR was 80%
with 2-year OS rate of 62% which was close to that previously reported with CHOP alone [2]. In the present study,
all patients received DA-EPOCH regimen. Overall, the ORR
was 71.7% with the 3-year PFS rate of 30.9% and OS rate of
60.1%. It seemed that no significant improvements were
observed for patients who were treated with more intensive
chemotherapy of DA-EPOCH than the regimen of CHOP or
R-CHOP [2,17,22], though it has been proposed in the NCCN
guidelines based on institutional preference.
However, when specialized in the EBV-DNA subgroup,
we found that patients with EBV-DNA negative have superior survivals with the ORR of 81.6% and 3-year PFS and OS
rate of 45.0% and 70.0%, respectively. After deep analysis of
the dynamic quantitative changes of EBV-DNA copy numbers with the therapy, we found that nearly all the patients
with early disease progression who were experienced PD
after 3 cycles of DA-EPOCH therapy were with elevated
EBV-DNA copy number (subject 1, 2, 3, and 4). For patients
who achieved PR after three cycles of DA-EPOCH while also
were with elevated EBV DNA copy number, they all experienced PD before the completion of six cycles of DA-EPOCH
regimen (subject 5, 6, 7, and 8). In our cohort of 22 EBV DNA–
positive patients, only patients had undetectable EBV-DNA
copy number after the one cycle of DA-EPOCH regimen and
keep undetectable levels until the completions of all the 6-8
cycles of DA-EPOCH regimen have the best prognosis who
were all alive with the CR/CRu (subject 21 and 22). Therefore, we concluded that: (1) similar to EBV associated hemoVOLUME 51 NUMBER 1 JANUARY 2019
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phagocytic lymphohistiocytosis patients, early blocking of
EBV storm was important for pretreatment EBV DNApositive AITL patients; (2) New therapy to anti-EBV was
urgently needed for those patients to improve their survivals.
Due to the low prevalence of AITL, limit data were available on prognostic factors in patients with AITL. International Prognostic Index, as a classic model for risk stratification of patients with aggressive non-Hodgkin lymphoma,
failed to estimate survivals in AITL patients [23]. PIAI which
including age > 60 years, ECOG PS > 2, extranodal sites of
disease > 1, presence of B symptoms, and a PLT < 150109/L)
first described by Federico et al. [24] were specifically for
AITL patients with a low risk group (0-1) with a 5-year OS
rate of 44% and high risk group (2-5) associated with 5-year
OS rate of 24%. In our study, PIAI score of 2-5 was only
independently associated with inferior OS while not PFS.
Furthermore, we found that pretreatment EBV DNA positive
was independent risk factor for both PFS and OS after
adjusting PIAI. Recently, Kim et al. [8] has suggested that circulating EBV-DNA level should be added into the prognostic
index for natural killer lymphoma (PINK-E), which were also
validated in our previous study [11]. Therefore, we thought
that EBV DNA copy number should also be added into the
prognostic index such as PIAI or any other prognostic index
which might be conducted with larger cohort of AITL
patients in the further for better risk-stratification.

Though a number of weaknesses, such as retrospective
study with relatively small number size, were in the present
study, we still come up with some indications for AITL
patients: (1) intensive chemotherapy with DA-EPOCH cannot significantly improve outcomes for AITL patients; novel
therapies especially combined the anti-EBV therapy are
urgently needed for those patients; (2) pretreatment EBV
DNA copy number was an important prognostic and monitoring marker for AITL patients which should be added into
the further prognostic index based on larger prospective
studies specially for AITL patients.
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Purpose
Although it has been suggested that pulmonary tuberculosis (TB) is associated with
increased risk of lung cancer, the exact mechanism is not clearly identified. We investigated
the effect of pulmonary TB on the epidermal growth factor receptor (EGFR) mutational status
and clinical outcome in patients with pulmonary adenocarcinoma.
Materials and Methods
We reviewed data of patients diagnosed with pulmonary adenocarcinoma harboring EGFR
mutations and treated at our institution from 2008 to 2015. We divided our population into
two groups: patients with pre-existing TB lesions on chest computed tomography scan (TB
group) and those without the lesions (non-TB group). We compared the differences in EGFR
mutational status, response to tyrosine kinase inhibitors (TKIs) and survival between the two
groups.
Results
A total of 477 patients with pulmonary adenocarcinoma were analyzed. One hundred eightythree patients (39%) had EGFR-mutated tumors and 100 (21%) patients had pre-existing
TB lesions. The frequency of EGFR mutation was significantly higher in the TB group compared with the non-TB group (56% vs. 34%, p=0.038). Pre-existing TB lesions were independently associated with more frequent EGFR mutations in multivariate analysis (odds
ratio, 1.43). In addition, both the progression-free survival (9.1 months vs. 11.6 months,
p=0.020) and the overall survival (19.4 months vs. 24.5 months, p=0.014) after first-line
EGFR-TKIs were significantly shorter in the TB group than in the non-TB group.
Conclusion
Previous pulmonary TB may be associated with more frequent EGFR mutations and poorer
treatment response to EGFR-TKIs in patients with pulmonary adenocarcinoma.

Introduction
Lung cancer and pulmonary tuberculosis (TB) are two
major public health issues associated with significant morbidity and mortality. Lung cancer is the leading cause of cancer-related deaths worldwide [1]. It accounts for approximately 23% of all cancer deaths and 88,655 patients died from
lung cancer during period of 2008 to 2012 in Korea [2]. Lung
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cancer has been associated with a variety of benign lung conditions such as chronic obstructive pulmonary disease
(COPD), idiopathic pulmonary fibrosis (IPF), and TB [3-5].
TB is one of the major causes of death among infectious diseases. In 2016, 10.4 million people fell ill with TB and 1.8 million died from the disease worldwide according to the World
Health Organization [6].
Several prospective and retrospective studies have suggested that TB is associated with an increased risk of lung
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cancer [7-9]. Chronic inflammation leading to imbalance in
DNA damage and repair mechanisms may be a possible
pathophysiology of lung cancer in TB patients. A study
showed that chronic airway inflammation promoted lung
cancer development in a KRAS–mutated mouse model [10].
Moreover, chronic pulmonary TB infection resulted in dysplasia and squamous cell carcinoma of lung following accumulation of genomic alterations and dysregulation of growth
factors [11].
Epidermal growth factor receptor (EGFR) gene encodes
signaling proteins crucial for cell proliferation and survival,
and EGFR mutations are major driver mutations occurring
in lung adenocarcinomas [12]. Approximately 15% of white
patients and 30%-40% of Asian patients with lung adenocarcinoma carried tumors harboring EGFR mutations [13]. Deletion of exon 19 and L858R point mutations in exon 21 are the
most common gene alterations in patients with lung adenocarcinoma. The tumors harboring these mutations showed
dramatic response rates (73%-91%) and prolonged progression-free survival (PFS) (7.7-13.3 months) when treated with
EGFR tyrosine kinase inhibitors (TKIs) [14-16]. The EGFR
mutations are more frequent in women, East-Asian and
never smokers [17]. Interestingly, previous studies suggested
the possible association between chronic inflammation and
EGFR signaling. Casalino-Matsuda et al. [18] showed that
oxidant-induced goblet cell metaplasia in human bronchial
epithelial cells induces EGFR activation. In addition, TBinduced overexpression of epiregulin is associated with
invasiveness of EGFR-mutated cell [19]. However, there is
scarce data whether pulmonary TB was associated with
increased frequency of driving mutations and its role in clinical outcome of patients with lung cancer.
As Korea is among countries with the highest prevalence
of TB in general population and EGFR mutation frequency
in lung cancer, it is plausible that frequent EGFR mutations
may be attributed to high TB prevalence. Thus, we investigated whether previous pulmonary TB affects the EGFR
mutational status or clinical outcomes of the patients with
pulmonary adenocarcinoma.

2015. Patients with the results of EGFR mutation testing
available were included in this study. We excluded patients
who had active pulmonary TB along with lung cancer and
who were diagnosed with other cancers within 5 years since
lung cancer diagnosis, as their clinical course may be influenced by those comorbidities. We reviewed the electronic
medical records to obtain demographic and clinical data
including age, sex, Eastern Cooperative Oncology Group
(ECOG) performance status, smoking status, TNM stage, systemic or pulmonary comorbidities and tumor mutational status. All patients underwent chest computed tomography,
brain magnetic resonance imaging, and 18F-fluorodeoxyglucose positron-emission tomography (PET) for clinical staging
determined according to the International Association for the
Study of Lung Cancer TNM staging classification of nonsmall cell lung cancer [13]. Tumor response was examined
by computed tomography (CT) every two cycles of systemic
treatment and evaluated according to the Response Evaluation Criteria in Solid Tumors (RECIST) ver. 1.1 [20]. In case
of EGFR-TKIs, a single cycle comprised 4 weeks of treatment.
We reviewed initial chest CT scan at diagnosis to determine concomitant old TB lesions. We divided our lung cancer population into two groups: patients with old TB lesions
(TB group) and those without lesions (non-TB group). Old
TB lesions were defined as at least one of the following as
previously described [21]: fibrotic scar with volume loss,
fibronodular lesions, calcified or non-calcified granulomas,
or pleural thickening. The existence and location of old TB
lesions were determined based on the consensus of two
independent reviewers (I.K. Hwang and S.S. Paik). In case of
ambiguous findings, consensus was arrived at after discussion with a chest radiologist at our institution. In case of difficult diagnosis of old TB lesions and lung cancer-related or
metastatic lesions based on chest CT, the final decision was
made by comparison of the corresponding images with those
of PET. To exclude patients with active pulmonary TB, we
confirmed the negative results of polymerase chain reaction
for TB, acid-fast bacilli staining and TB culture using sputum
or bronchial washing specimens obtained at the time of lung
cancer diagnosis.
2. EGFR mutation testing

Materials and Methods
1. Patients and data collection
We retrospectively screened patients with histologically or
cytologically confirmed pulmonary adenocarcinoma who
were diagnosed and treated at Dongnam Institute of Radiological & Medical Sciences, a secondary referral hospital in
Busan, South Korea, from January 2008 through December

Genomic DNA was extracted from formalin-fixed, paraffin-embedded, 5-µm-thick tissue sections using the High
Pure polymerase chain reaction (PCR) Template Preparation
Kit (Roche Applied Science, Mannheim, Germany) according
to the manufacturer’s instructions. The extracted DNA was
stored at –20°C until analysis. EGFR Pyro Kit (QIAGEN
Korea Ltd., Seoul, Korea) and PyroMark Q24 System (QIAGEN Korea Ltd.) were used to detect EGFR mutations by
real-time PCR. The primer sets cover mutations or deletions
VOLUME 51 NUMBER 1 JANUARY 2019
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Table 1. Characteristics of study population

All
Sex
Female
Male
Age (yr)
< 65
 65
Smoking
Never
Ever
ECOG performance status
0, 1
2
Stage
I-IIIA
IIIB-IV
Location of primary cancer mass
Central
Peripheral
Location of old TB lesion and cancer
Ipsilateral another lobe
Same lobe
Contralateral lung
Underlying systemic diseases
None
HTN/IHD
DM
CKD
Others
Underlying lung diseases
None
COPD
ILD
Bronchiectasis
KRASa)
Wild-type
Mutated
ALK translocationa)
Absent
Present
EGFR
Wild-type
Mutated
Exon19 deletion
L858R mutation
Other sites

(Continued to the next page)
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Groups

No. of
patients (%)

TB group

Non-TB group

477 (100)

100 (21)

377 (79)

197 (41)
280 (59)

37 (37)
63 (63)

160 (42)
217 (58)

0.077

304 (64)
173 (36)

43 (43)
57 (57)

172 (46)
205 (54)

0.531

205 (43)
272 (57)

33 (33)
67 (67)

172 (46)
205 (54)

0.061

395 (83)
82 (17)

80 (80)
20 (20)

315 (84)
62 (16)

0.692

225 (47)
252 (53)

60 (60)
40 (40)

165 (44)
212 (56)

0.084

114 (24)
362 (76)

22 (22)
78 (78)

92 (24)
284 (76)

0.318

38 (38)
36 (36)
26 (26)

38 (38)
36 (36)
26 (26)

-

-

207 (44)
182 (39)
27 (6)
15 (3)
37 (8)

43 (43)
39 (39)
6 (6)
5 (5)
3 (3)

164 (44)
143 (38)
21 (6)
10 (3)
34 (9)

0.457

413 (87)
42 (9)
15 (3)
7 (1)

82 (82)
11 (11)
4 (4)
3 (3)

330 (88)
31 (8)
8 (2)
6 (2)

0.096

177 (89)
22 (11)

43 (91)
4 (9)

132 (88)
18 (12)

0.341

228 (95)
10 (5)

45 (100)
0(

183 (95)
10 (5)

0.533

294 (61)
183 (39)
93 (19)
78 (16)
12 (3)

44 (44)
56 (56)
33 (33)
20 (20)
3 (3)

250 (66)
127 (34)
60 (16)
58 (14)
9 (5)

0.038

p-value
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Table 1. Continued
No. of
patients (%)
EGFR-TKI use (any treatment lines)
No
Yes

Groups
TB group

Non-TB group

68 (68)
32 (32)

262 (69)
115 (31)

330 (69)
147 (31)

p-value

0.956

ECOG, Eastern Cooperative Oncology Group; HTN, hypertension; IHD, ischemic heart disease; DM, diabetes mellitus; CKD,
chronic kidney disease; COPD, chronic obstructive pulmonary disease; ILD, interstitial lung disease, KRAS, Kirsten rat sarcoma; ALK, anaplastic lymphoma kinase; EGFR-TKI, epidermal growth factor receptor tyrosine kinase inhibitor. a)KRAS
mutation and ALK translocation data were available in 199 and 238 patients, respectively.

spanning exons 18 to 21 of the genes encoding tyrosine
kinase domain of EGFR. Details of these methods were
described in a previous study [22].
3. Statistical analyses
Statistical analyses were performed using the SPSS ver.
20.0 software for Windows (IBM Corp., Armonk, NY). PFS
was defined as the time from the first day of chemotherapy
to disease progression or death from any cause. Overall survival (OS) was defined from the start day of systemic treatment for advanced disease or the day of surgical resection
for early-stage disease to death from any cause. Associations
between categorical variables were compared using the chisquared test. Associations between clinicopathological
parameters and survival were evaluated by univariate analysis using the log-rank test. Subsequently, multivariate Cox
proportional hazards regression analysis was conducted
after adjusting for parameters with p-values of < 0.2 in the
univariate analysis. Survival probability was estimated by
the Kaplan-Meier method. A p-value of < 0.05 was considered statistically significant.
4. Ethical statement
Informed consents were obtained from all patients alive
and the study protocol was approved by the Institutional
Review Board of the Dongnam Institute of Radiological &
Medical Sciences (D-1705-002-002).

Results
1. Patient characteristics
During the study period, 513 patients were diagnosed as
lung adenocarcinoma at our institution. After exclusion of
patients with cancers other than lung cancer (n=11), active
pulmonary TB at the initial diagnosis (n=2) and without any
available data for tumor EGFR mutational status (n=23), 477
patients were found eligible for this study. The clinicopathological characteristics of the patients are summarized in
Table 1. All subjects were Korean with a median age of 64
years (range, 38 to 84 years). Old TB lesions on chest CT scan
were detected in 100 patients (21%, TB group) while no TB
lesions in 377 patients (79%, non-TB group). 280 patients
(58%) were male, 173 patients (36%) were above the age of
65 years and 272 patients (57%) were current or former smokers. 395 patients (83%) had ECOG performance status of 0 or
1, and 252 patients (53%) were stage IIIB or IV. Tests for
anaplastic lymphoma kinase (ALK) translocation including
immunohistochemistry and fluorescence in situ hybridization were performed in 238 patients (50%), while KRAS
mutation testing was performed in 199 patients (42%); 10
patients (4%) were positive for ALK translocation and 22
patients (11%) were positive for KRAS mutation. 270 patients
(57%) had more than one systemic comorbidity including
hypertension and diabetes while 64 patients (13%) had
benign lung diseases other than TB. One hundred fortyseven patients (30%) received EGFR-TKIs during their clinical course.
2. Comparison of EGFR mutational status
Overall, 183 patients (39%) carried EGFR-mutated tumors.
The most frequent mutation was deletion in exon 19 (50%)
followed by L858R point mutation (43%). The frequency of
VOLUME 51 NUMBER 1 JANUARY 2019
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Table 2. Analysis results for the factors affecting frequency of EGFR mutations
Univariate analysis
Sex
Female
Male
Age (yr)
< 65
 65
Smoking
Never
Ever
Old TB lesions
No
Yes

Multivariate analysis
a)

OR (95% CI)

p-value

OR (95% CI)

p-valueb)

2.65 (1.08-1.93)
Reference

< 0.001

1.21 (1.05-1.86)
Reference

0.034

2.14 (1.57-2.76)
Reference

0.163

1.08 (0.64-2.13)
Reference

0.521

1.82 (1.13-2.17)
Reference

< 0.001

1.27 (1.12-1.98)
Reference

0.044

Reference
1.79 (1.15-2.24)

0.014

Reference
1.43 (1.08-2.47)

0.031

EGFR, epidermal growth factor receptor; OR, odds ratio; CI, confidence interval; TB, tuberculosis. a)Univariate analysis
p-value by log-rank test, b)Multivariate analysis p-value by Cox regression.

Table 3. Frequency of EGFR mutations according to the spatial relationship between the primary lung mass and old TB
lesions in the TB group
EGFR mutation

Location of lung cancer and
TB lesions
Same lobe
Ipsilateral different lobe
Contralateral lung

Exon 19 mutation

All
(n=100)

Positive
(n=56)

Negative
(n=44)

38
36
26

23 (61)
26 (72)
7 (27)

15 (39)
10 (28)
19 (73)

p-value

0.028

All
(n=77)

Positive
(n=33)

Negative
(n=44)

30
27
20

17 (57)
14 (52)
2 (10)

13 (43)
13 (48)
18 (90)

p-value

0.013

Values are presented as number (%). EGFR, epidermal growth factor receptor; TB, tuberculosis.

EGFR mutations was significantly higher in the TB group
than in the non-TB group (56/100, 56% vs. 127/377, 34%;
p=0.038). In addition, the frequency of exon 19 deletion in
the TB group was significantly higher than in the non-TB
group (33/100, 33% vs. 60/377, 16%; p=0.011), while the frequency of L858R point mutation was not different between
the two groups (20/100, 20% vs. 58/377, 15%; p=0.254)
(Table 1).
3. Multivariate analysis for the prediction of EGFR mutation
To determine the factors associated with the rate of EGFR
mutation, we performed a multivariate analysis for possible
clinical variables. As presented in Table 2, after adjusting for
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possible confounders, female sex (odds ratio [OR], 1.21; 95%
confidence interval [CI], 1.05 to 1.86), never smoking (OR,
1.27; 95% CI, 1.12 to 1.98), and old TB lesions (OR, 1.43; 95%
CI, 1.08 to 2.47) were independently associated with an
increased rate of EGFR mutation.
4. Association between EGFR mutation and the location of
old TB lesion
To investigate the relationship between EGFR mutations
and location of old TB lesions, we analyzed the frequency of
EGFR mutations according to the spatial relationship
between the primary lung mass and old TB lesions. As summarized in Table 3, among 100 patients in the TB group, 38
(38%) and 36 patients (36%) had the main tumor mass in the
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Table 4. Overall survival analyses results according to clinicopathological parameters of all study subjects
Median overall
survival (mo)
All
Sex
Female
Male
Age (yr)
< 65
 65
Smoking
Never
Ever
ECOG performance status
0, 1
2
Stage
I-IIIA
IIIB-IV
Underlying systemic diseases
None
Yes
Underlying lung diseases other than TB
None
Yes
KRASc)
Wild-type
Mutated
ALK translocationc)
Absent
Present
EGFR
Wild-type
Mutated
EGFR-TKI use (any treatment lines)
No
Yes
Old TB lesions
No
Yes

Univariate analysis

Multivariate analysis
a)

HR (95% CI)

p-value

HR (95% CI)

p-valueb)

49.3
28.9

Reference
1.47 (1.05-3.19)

0.007

Reference
1.19 (0.74-3.72)

0.204

53.4
29.1

Reference
1.55 (1.16-2.07)

0.003

Reference
1.26 (0.91-1.75)

0.158

46.7
27.8

Reference
1.38 (1.04-1.85)

0.031

Reference
1.18 (0.60-1.61)

0.910

53.3
13.1

Reference
3.75 (2.72-5.16)

< 0.001

Reference
1.67 (1.14-2.43)

0.008

101.4
18.3

Reference
5.79 (4.06-8.28)

< 0.001

Reference
3.61 (2.31-5.64)

< 0.001

43.3
26.7

Reference
1.61 (0.89-2.90)

0.112

Reference
1.14 (0.45-2.47)

0.457

44.3
24.8

Reference
1.75 (0.98-2.11)

0.226

NA

40.5
31.0

Reference
1.09 (0.57-2.10)

0.759

NA

46.0
28.8

Reference
1.42 (0.26-2.62)

0.737

NA

24.1
59.0

1.97 (1.04-3.65)
Reference

< 0.001

46.4
37.5

Reference
1.06 (0.79-1.43)

0.699

NA

45.2
38.1

Reference
1.32 (0.59-1.77)

0.154

Reference
1.18 (0.47-2.65)

40.5

1.91 (1.29-3.58)
Reference

< 0.001

0.273

HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; TB, tuberculosis; KRAS, Kirsten rat
sarcoma; ALK, anaplastic lymphoma kinase; EGFR-TKI, epidermal growth factor receptor tyrosine kinase inhibitor; NA, not
analyzed. a)Univariate analysis p-value by log-rank test, b)Multivariate analysis p-value by Cox regression, c)KRAS mutation
and ALK translocation data were available in 199 and 238 patients, respectively.

same lobe and different lobe of the ipsilateral lung containing
the main TB lesion, respectively, while 26 patients (26%) had
main tumor mass in the contralateral lung. The frequency of
EGFR mutation in patients who had the main mass in the
same lobe and different lobe of the ipsilateral lung with the

main TB lesion were 61% (23 among 38 patients) and 72% (26
among 36 patients), respectively, while that of those who had
lung cancer in the contralateral lung is 27% (7 among 26
patients). The difference in EGFR mutational frequencies
according to the location of lung cancer and TB lesions was
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Table 5. Survival analyses results according to clinicopathologic parameters in patients treated with first-line EGFR-TKIs
PFS
No. of
patients (%)
All
Sex
Female
Male
Age (yr)
< 65
 65
Smoking
Never
Ever
ECOG PS
0, 1
2
Stage
IIIB
IV
Old TB lesions
No
Yes

OS

Median Univariate
Multivariate
PFS (mo) analysis analysis adjusted
p-value
HR (95% CI)

Median
OS (mo)

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

88 (100)

10.5

21.5

23 (26)
65 (74)

11.1
9.4

0.254

NA

22.8
21.1

0.215

NA

31 (35)
57 (65)

10.6
9.5

0.606

NA

23.6
20.3

0.099

Reference
1.18 (0.73- 1.93)

25 (28)
63 (72)

9.8
10.3

0.311

NA

24.6
19.0

0.003

Reference
2.02 (1.47- 3.84)

59 (67)
29 (33)

11.8
9.6

0.048

Reference
1.27 (0.79-2.05)

23.7
21.2

0.203

NA

25 (28)
63 (72)

11.9
8.9

0.019

Reference
1.76 (1.10- 2.83)

24.8
18.1

0.011

Reference
1.84 (1.09- 3.10)

67 (76)
21 (24)

11.6
9.1

0.020

Reference
1.85 (1.16- 3.56)

24.5
19.4

0.014

Reference
1.60 (1.16- 3.74)

EGFR-TKI, epidermal growth factor receptor tyrosine kinase inhibitor; PFS, progression-free survival; OS, overall survival;
HR, hazard ratio; CI, confidence interval; NA, not analyzed; ECOG, Eastern Cooperative Oncology Group; PS, performance
status; TB, tuberculosis.

statistically significant (p=0.028). In case of exon 19 deletion,
the frequency in patients who had the main mass in the same
lobe and different lobe of the ipsilateral lung with the main
TB lesion were 57% (17 among 30 patients) and 52% (14
among 27 patients), respectively, whereas that of those who
had lung cancer in the contralateral lung is 10% (2 among 20
patients). The difference in the frequencies of exon 19 deletion according to the location of lung cancer and TB lesions
was also statistically significant (p=0.013).
5. Survival analyses for overall population and sub-population according to EGFR mutational status
To evaluate whether patients with TB-related lung adenocarcinoma showed different survival rates compared with
those without TB lesions, we performed a survival analysis
according to clinicopathological parameters of all study subjects. The results of survival analyses are summarized in
Table 4. The median OS in all study subjects was 40.5 months
(range, 3.3 to 65.7 months). Univariate analysis revealed that
male gender, old age, ever smoking, poor performance sta-
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tus, advanced stage and EGFR wild-type were significantly
associated with shorter OS. The presence of old TB lesions
was not associated with OS (p=0.154). Multivariate analysis
showed that poor performance status (hazard ratio [HR],
1.67; 95% CI, 1.14 to 2.43), advanced stage (HR, 3.61; 95% CI,
2.31 to 5.64) and EGFR wild-type (HR, 1.91; 95% CI, 1.29 to
3.58) were independently associated with shorter OS. We further performed subgroup analyses according to EGFR
mutational status. However, OS was similar between the two
groups regardless of EGFR mutational status.
6. Survival analysis of patients receiving EGFR-TKIs as a
first-line treatment
To investigate whether the pulmonary TB affects the
response to TKI treatment, we compared the PFS and OS in
patients who were treated with EGFR-TKIs as a first-line
treatment in each group. Among all the patients, 88 (18.5%)
were treated with EGFR-TKIs such as gefitinib (n=39),
erlotinib (n=28), and afatinib (n=21) for locally advanced or
metastatic EGFR-mutated lung adenocarcinoma. Twenty-one
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A
100

p=0.020

TB group
Non-TB group

p=0.014

80
Probability of OS (%)
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0

B

60
40
20

0

5

10
15
20
25
Time after treatment (mo)

30

35

0

0

10

20
30
40
Time after treatment (mo)

50

Fig. 1. Kaplan-Meier survival curves for progression-free survival (A) and overall survival (B) in patients treated with epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors for EGFR-mutated lung adenocarcinoma. p-values were
determined using the log-rank test. PFS, progression-free survival; OS, overall survival; TB, tuberculosis.

and 67 patients were included in TB group and non-TB
group, respectively. As first-line EGFR-TKI was approved by
Korea Food & Drug Administration at April 2010, the enrolment period for this subgroup was 2010-2015. First-line gefitinib and erlotinib were covered by National Health Insurance System (NHIS) of Korea since April 2011 and March
2013, respectively. Ten patients (4 for gefitinib, 6 for erlotinib)
paid for their own first-line EGFR-TKI treatment before the
reimbursement of each TKI. First-line afatinib was available
since October 2014 and the proportion of patients who were
treated with this drug as a first-line therapy was similar in
both groups (23% [5/21] in TB group and 24% [16/67] in
non-TB group). The number of patients who received firstline EGFR-TKIs and EGFR-TKIs used was distributed throughout the study period, and they are summarized in S1 Table.
The survival analyses results are summarized in Table 5. The
median PFS of the 88 patients treated with EGFR-TKIs were
10.5 months (range, 4.6 to 21.2 months). In the univariate
analysis, poor ECOG performance and advanced stage were
significantly associated with shorter PFS. In addition, pulmonary TB lesions was significantly associated with shorter
PFS (9.1 months vs. 11.6 months, p=0.020). Multivariate
analysis showed that advanced stage (HR, 1.76; 95% CI, 1.10
to 2.83) and old TB lesions (HR, 1.85; 95% CI, 1.16 to 3.56)
were independently associated with shorter PFS. The
Kaplan-Meier survival curves also showed that patients with
old TB lesions were likely to have shorter PFS (Fig. 1A). The
median OS of the 88 patients were 21.5 months (range, 5.1 to

39.6 months). In the univariate analysis, ever smoking and
advanced stage were associated with shorter OS. In addition,
TB lesions was also associated with shorter OS (19.4 months
vs. 24.5 months, p=0.014). Multivariate analysis showed that
ever smoking (HR, 2.02; 95% CI, 1.47 to 3.84), advanced stage
(HR, 1.84; 95% CI, 1.09 to 3.10) and old TB lesions (HR, 1.60;
95% CI, 1.16 to 3.74) were independently associated with
shorter OS. The Kaplan-Meier survival curves also showed
that patients with old TB lesions were likely to have shorter
OS (Fig. 1B).

Discussion
The current data demonstrate that pre-existing TB lesions
are significantly associated with increased rate of EGFR
mutation, especially exon 19 deletions in patients with lung
adenocarcinoma. The mutation rate is significantly higher in
patients carrying the main mass at the same lobe or in a different lobe of the ipsilateral lung with the main TB lesion
compared with those who had main mass in the contralateral
lung. In addition, patients with TB-related adenocarcinoma
showed a poor treatment response and survival compared
with non-TB-related counterparts when treated with EGFRTKIs. To the best of our knowledge, this is the second study
demonstrating the association between pulmonary TB and
VOLUME 51 NUMBER 1 JANUARY 2019
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the EGFR mutational status and the first study identifying
the clinical impact of pulmonary TB on the clinical outcome
of patients treated with first-line EGFR-TKIs for EGFRmutated lung adenocarcinoma.
It has been known that benign lung diseases such as
COPD, IPF and TB are independently associated with the
risk of lung cancer [23]. The mechanisms underlying the role
of those diseases on lung cancer risk are still unclear; however, chronic inflammation seems to be a major contributor.
A meta-analysis of 37 case-control and four cohort studies
showed 1.8-fold increased risk of lung cancer among patients
with pulmonary TB [24]. In that study, the association was
significant only with adenocarcinoma, while no significant
associations with squamous or small cell type of lung cancer
were observed [24]. In a recent large-scale population-based
cohort study using patient care data of Taiwan, the incidence
of lung cancer was approximately 11-fold higher in the population with a history of TB compared with those without
past TB (26.3 vs. 2.4 per 10,000 person-years) [25]. The HR
was 4.37 (95% CI, 3.56 to 5.36) for the TB cohort after adjusting for demographic variables [25].
In the present study, 21% of all the study population carried old TB lesions revealed by chest CT. This proportion was
much higher than expected before the study. Previous studies reported that 2.1% to 13.1% of lung cancer patients had
pre-existing TB [24-26]. However, the prevalence of preexisting TB in those studies may be underestimated as they
collected TB information indirectly using International Classification of Diseases (ICD) codes from the nationwide database or a relatively small set of autopsy cases rather than a
comprehensive review of chest images of lung cancer
patients as reported in our present study. In a study of Taiwanese lung cancer cohort in which patients’ chest CT was
reviewed, the prevalence of old TB lesions in lung cancer
patients was approximately 26% [27], which was comparable
to our current data. As Taiwan and Korea are endemic areas
for TB, the high rates of old TB lesions among the lung cancer
patients were attributed to the high prevalence of TB in both
countries. Further large-scale investigation is warranted to
confirm whether this rate reflected the prevalence in the general population or merely indicated regional trends.
Although TB-related chronic inflammation is believed to
be a main mechanism of lung carcinogenesis, whether previous pulmonary TB is associated with increased rate of driving mutations of lung cancer is largely unknown. As Korea
is an endemic area of TB with an incidence of 100 per 100,000
individuals [28] and known for high EGFR mutation rate in
lung cancer [13], we had postulated that previous pulmonary
TB infection may affect to the increased EGFR mutation rate
in Korean population. Our data showed that EGFR mutation
was more frequent in patients with old TB lesions than those
without. Moreover, EGFR mutations were detected at a
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higher frequency in patients carrying the main cancer mass
in the same lobe or in a different lobe of the ipsilateral lung
containing the main TB lesions compared with those who did
not. Those results are consistent with those of a previous
study demonstrating a high occurrence of lung cancer in the
lung ipsilateral to the old TB lesion and the risk of ipsilateral
lung cancer remained elevated throughout the follow-up
period [29]. Although further studies are required, those previous findings and ours suggest that TB-associated chronic
and local inflammation may be involved in lung carcinogenesis by provoking genetic alterations including EGFR mutations.
To date, only a single study evaluated the association
between previous pulmonary TB and frequency of EGFR
mutation in lung cancer. Luo et al. [27] evaluated the association in 275 Taiwanese patients whose EGFR mutation
results were available. In their study, overall 191 patients
(69.5%) had EGFR mutations and the EGFR mutation rate
was significantly higher in patients with old TB lesions compared to those without the lesions (80.6% vs. 65.5%, p=0.018).
In addition, they reported a high rate of exon 19 deletions in
patients with old TB lesions that those without (68% vs. 34%,
p < 0.001). Although the higher rate of EGFR mutation in
patients with old TB lesions is in line with our study, the
mutational frequency of the total population (69.5%) was
much higher than that of our population (39%) and that of a
previously report on Taiwanese population [13]. We enrolled
much more patients with available EGFR mutation results
(n=477) and the overall frequency of EGFR mutations was
similar to that of a previous study [13]. In terms of survival,
Luo et al. [27] reported poorer 1-year survival rate in patients
with old TB lesions than those without (77% vs. 85%,
p=0.015). In addition, the poor survival rate of patients with
TB lesions was consistent regardless of EGFR mutational status. These are different from our findings demonstrating no
OS differences between the two groups. This discrepancy can
be explained by different characteristics of study populations
in the two studies. In Luo et al.’s study [27], most patients
had locally advanced or metastatic cancers (83%) and many
of them were treated with EGFR-TKIs (79.3%). However, our
patients were evenly distributed in terms of stage, and thus
53% of them had advanced diseases and 30% were treated
with EGFR-TKIs during their clinical course. The differential
survival between the two groups in the previous study by
Luo et al. can be attributed to TKIs treatment in advanced
diseases rather than the true effect of pulmonary TB on the
prognosis of lung cancers of different stages. Whether previous pulmonary TB is a prognostic factor in lung cancer
warrants further investigations.
We demonstrated poor clinical outcome in patients with
old TB lesions receiving EGFR-TKIs as a first-line treatment
compared to those without TB lesions. In a retrospective
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cohort study by Chang et al. [30] reviewing 8,265 patients
from National Health Insurance Research Database of Taiwan, pulmonary TB history was associated with poor clinical
response to EGFR-TKIs in male patients but with a better
response in female patients. However, this study has limitations associated with heterogeneous patient data as all patients who received TKIs were enrolled regardless of EGFR
mutational status or lines of treatment. In our study, we
analyzed the PFS and OS of patients who were treated with
first-line EGFR-TKIs for EGFR-mutated lung adenocarcinomas. Our results showing poorer PFS and OS in patients with
old TB lesions treated with EGFR-TKIs are partly consistent
with aforementioned data. Although evaluation of genderbased impact was not possible because of the small population in our treatment group, the previous and our data
suggest that pulmonary TB may adversely affect the TKI
response in patients with EGFR-mutated pulmonary adenocarcinoma. The reason for the poor response to EGFR-TKIs
in TB-related lung cancer is not clear; however, aggressive
phenotype induced by chronic inflammation may be a possible explanation. Zhang et al. [19] demonstrated that chronic
TB infection upregulated epiregulin, which correlated with
the invasiveness of EGFR-mutant lung cancer. Further investigations are required to elucidate the mechanism of adverse
effect of previous TB to TKI treatment.
There are several limitations in our study. First, this is a
retrospective study in which selection bias is inevitable. Second, cumulative incidence of lung cancer in TB patients or
dominant histologic types in TB-related lung cancer could
not be evaluated in our population. Third, we provided only
limited information on other genetic alterations including
ALK rearrangement or KRAS mutation. Comprehensive
genomic analysis using next-generation sequencing of large
cohorts may elucidate the clinical impact of pulmonary TB

on the development of genetic alterations during lung carcinogenesis. To confirm our findings and evaluate the association between previous pulmonary TB and genetic alternations of lung cancer, we have initiated data collection from
the National Health Insurance Service Database of our country.
In summary, the current data suggest that pulmonary TB
influences not only the EGFR mutational status but also treatment response of the patients treated with EGFR-TKIs. Our
findings highlight the clinical implications of previous pulmonary TB during lung carcinogenesis and on the clinical
outcome after lung cancer treatment, and warrant future
investigations for the mechanism of poor response to TKIs
and the relevance with a variety of genetic alterations in
TB-related lung adenocarcinoma.
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Despite the successful use of tyrosine kinase inhibitors (TKIs) in cancer patients, their effect
on herpes zoster development has not been studied. The aim of this study was to evaluate
and compare the effects of epidermal growth factor receptor (EGFR) TKI and cytotoxic
chemotherapy on the risk of herpes zoster development in non-small cell lung cancer
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Materials and Methods
We conducted a medical review of all eligible NSCLC patients in Seoul National University
hospital between 2002 and 2015. We classified patients based on whether they previously
underwent EGFR TKI therapy into either the TKI group or the cytotoxic group. We compared
the incidence rates of herpes zoster during TKI therapy and cytotoxic chemotherapy. Additionally, the longitudinal risk of herpes zoster from TKIs was analyzed using the incidence
rate ratio (IRR) of the TKI group to the cytotoxic group and the log-rank test of the KaplanMeier method.
Results
Of the 2,981 NSCLC patients, 54 patients (1.54%) developed herpes zoster. In the TKI group
(2,002 patients), the IRR of herpes zoster during TKI therapy compared to that during cytotoxic chemotherapy was 1.05 (95% confidence interval [CI], 0.53 to 2.09). The IRR of the
TKI group compared to the cytotoxic group was 1.33 (95% CI, 0.64 to 2.76). The KaplanMeier cumulative risk of both groups was not significantly different.
Conclusion
Our results show that the incidence rate of herpes zoster in the TKI group was not statistically
different from the incidence in the cytotoxic group during and after chemotherapy in NSCLC
patients.

Introduction
Herpes zoster, which manifests as a painful vesicular rash,
is caused by the reactivation of the varicella-zoster virus
(VZV) that lies dormant within dorsal root ganglia cells.
Despite the common self-limiting clinical course of VZV, it
often persists and causes chronic complications such as postherpetic neuralgia, cranial nerve palsy, polyneuritis, and
│ https://www.e-crt.org │
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myelitis. Previous studies evaluated the risk and severity of
herpes zoster in relation to several clinical factors [1-7]. Age
is a commonly noted risk factor that increases the incidence
and the severity of the disease [1,2]. Immunocompromised
status caused by human immunodeficiency virus infection
and the intake of immune-suppressive drugs are also known
to be related to the reactivation of VZV [3-5]. Moreover,
patients undergoing cancer treatments have been reported
to have a higher incidence and more severe symptoms than
Copyright ⓒ 2019 by the Korean Cancer Association
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the general population [6,7].
In cancer patients, cytotoxic chemotherapy agents have
been used as one of the major treatment modalities. However, as cytotoxic chemotherapy agents target rapidly proliferating cells, these agents inevitably affect epithelial cells,
immune-related cells, and hematopoietic cells, which leads
to the development of cutaneous, infectious, and hematologic adverse effects. To minimize these adverse effects and
to overcome the lack of specificity against cancer cells,
molecular targeted chemotherapy has been developed. It targets specific genes or oncoproteins found in cancer cells and
works by interfering with specific molecules required for
tumor development and growth [8,9]. Owing to its specificity
towards cancer cells, molecular targeted chemotherapy has
been reported to be more tolerable and less toxic to immune
and hematologic cells than cytotoxic chemotherapy agents.
Consequently, it can be assumed that the risk of herpes
zoster is lower in patients receiving molecular targeted
chemotherapy than in patients receiving conventional cytotoxic chemotherapy.
Gefitinib and erlotinib, which are small molecule tyrosine
kinase inhibitors (TKIs) that target the tyrosine kinase
domain of the epidermal growth factor receptor (EGFR),
have been successfully introduced and have become standard treatment for EGFR mutant non-small cell lung cancer
(NSCLC) [10]. Patients receiving gefitinib and erlotinib do
not typically show myelosuppression, neuropathy, alopecia,
or severe nausea, which are common side effects of traditional cytotoxic agents. Instead, the major toxicities of gefitinib and erlotinib are dermatologic problems including
papulopustular eruption, xerosis, and paronychia [11,12].
However, the effect of EGFR TKIs on herpes zoster has not
been studied. Despite the expectation that EGFR TKIs would
be less toxic to immune-related cells, there have been a few
cases of viral infection or viral reactivation upon EGFR TKI
use. Wnorowski et al. [11] described a patient who developed
a severe skin eruption followed by herpes zoster superinfection upon erlotinib use, and Bui and Wong-Sefidan [13]
reported hepatitis B virus reactivation after erlotinib withdrawal. However, there also have been various studies
showing that EGFR TKIs have anti-viral effects against
human papillomavirus (HPV), hepatitis C virus (HCV), and
poxvirus [14-18].
In this study, we aimed to investigate the effect of EGFR
TKIs, compared to cytotoxic chemotherapy, on the risk of
developing herpes zoster in patients with lung cancer.
NSCLC patients, whose standard treatments include both
conventional cytotoxic chemotherapy and EGFR TKIs, are
considered an appropriate population for our study.
We performed the study in two parts: first, we investigated
the incidence rates of herpes zoster during TKI regimens and
cytotoxic regimens in patients who have received both TKI
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and cytotoxic chemotherapy. Second, we examined the effect
of TKI regimens on the longitudinal risk of herpes zoster by
comparing the incidence in patients who had received TKIcontaining regimens with the incidence in patients who had
received cytotoxic chemotherapy regimens only.

Materials and Methods
1. Study population and data collection
Subjects were selected from a consecutively collected cancer patient registry that included NSCLC patients. Among
the registered NSCLC patients, patients who were at initial
stage IIIB/IV or recurred after operation and consequently
had received chemotherapy in the Seoul National University
Hospital from 2002 to 2015 were selected [19,20]. We collected data on patient characteristics and clinical features,
including demographic information (age and sex), smoking
history, Eastern Cooperative Oncology Group (ECOG) performance status, clinical presentation of NSCLC at the beginning of chemotherapy, history of radiotherapy, and history
of chemotherapy from patient medical records. The number
of chemotherapy regimens, types of each regimen, and
duration of chemotherapy for each patient were examined
in detail. Chemotherapy regimens were classified into two
categories: (1) EGFR TKI regimens, which includes gefitinib
and erlotinib; and (2) cytotoxic regimens, which includes
gemcitabine, carboplatin, cisplatin, docetaxel, paclitaxel,
vinorelbine, and etoposide. The patients who had received
EGFR TKI regimens were classified as the TKI group, and
those who had never received an EGFR TKI regimen and
received the cytotoxic regimen only were classified as the
cytotoxic group. In the present study, we did not consider
the status of EGFR mutation into the classification because
EGFR TKIs are commonly incorporated as second- or thirdline chemotherapy in patients with no EGFR mutation and
unknown EGFR mutation status.
2. Risk of herpes zoster during and after administration of
the EGFR TKI regimen
First, the frequency of herpes zoster was compared
between the EGFR TKI and cytotoxic groups and further
analyzed according to the clinical variables.
In order to compare the risks of the TKI regimen-related
herpes zoster and cytotoxic regimen-related herpes zoster,
the incidence rate of herpes zoster during the periods of TKI
(TKI regimen period) and cytotoxic regimens (cytotoxic regimen period) was compared in the TKI group. The TKI regi-
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Fig. 1. Definition of the tyrosine kinase inhibitor (TKI)/cytotoxic regimen period and the TKI/cytotoxic groups. (A) The
TKI regimen period was defined as the total treatment period treated with epidermal growth factor receptor (EGFR) TKI
and the cytotoxic regimen period was defined as the total period treated with cytotoxic chemotherapy. (B) The TKI group
was defined as the patients who had received at least one course of EGFR TKI and the cytotoxic group was defined as the
patients who had received the cytotoxic-regimen only. The incidence of herpes zoster that occurred after the initiation of the
first chemotherapy was included in the study.

men period was defined as the total treatment period a
patient was treated with TKIs, and the cytotoxic regimen
period was defined as the total period a patient was treated
with cytotoxic chemotherapy (Fig. 1A). The development of
herpes zoster during the TKI regimen period was considered
TKI regimen-related herpes zoster, while the development
during the cytotoxic regimen period was cytotoxic regimenrelated herpes zoster.
To determine if the TKI regimen has any effects on the longitudinal risk of herpes zoster, we compared the cumulative
incidence rate of herpes zoster between the TKI and cytotoxic
groups. In the TKI group, the event of herpes zoster development after the initiation of the TKI regimen was counted;
in the cytotoxic group, the event of herpes zoster development after the first chemotherapy regimen was counted
(Fig. 1B).

3. Statistical analysis
The frequency of herpes zoster depending on patient characteristics and clinical features were compared using chisquare tests. To compare the incidence rate of herpes zoster
during the TKI and cytotoxic regimen periods, the incidence
rate was analyzed in the unit of occurrence per 100 personyears (PY) and the incidence rate ratio (IRR) of the TKI regimen period to the cytotoxic regimen period and its 95%
confidence interval (CI) were analyzed by Poisson regression.
In our analysis of the longitudinal risk of herpes zoster, we
followed each individual up to the last visit to our institution
until October 2015. The starting points were defined as the
use of first TKIs in the TKI group and as the use of first cytotoxic agents in the cytotoxic group. Before the analysis,
propensity score matching was performed to reduce selection bias between the TKI and cytotoxic groups. The longitudinal risk of herpes zoster according to chemotherapy
VOLUME 51 NUMBER 1 JANUARY 2019
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Table 1. Patient characteristics and frequency of herpes zoster development in the TKI and cytotoxic groups
Total
No. of patients
Sex
Male
Female
Age (yr)
< 60
 60
Smoking status
Never smoker
Current or ex-smoker
ECOG performance status
0
1
2
Missing
Stage
Initial stage IIIB or IV
Recurrence after operation
Radiation therapy
No
Yes
No. of lines of chemotherapy
2
3
Duration of chemotherapy
< 1 yr
 1 yr

Cytotoxic group
HZ(–)

HZ(+)

2,981 (

966 (

1,790 (60.1)
1,191 (40.0)

762 (78.9)
204 (21.1)

9 (69.2)
4 (30.8)

1,101 (36.9)
1,880 (63.1)

282 (29.2)
684 (70.8)

1,292 (47.0)
1,458 (53.0)

p-value

13 (

TKI group
HZ(–)

HZ(+)

p-value

1,969(

33 (

0.491a)

1,002 (50.9)
967 (49.1)

17 (51.5)
16 (48.5)

> 0.999a)

4 (30.8)
9 (69.2)

> 0.999a)

800 (40.6)
1,169 (59.4)

15 (45.5)
18 (54.6)

0.595a)

209 (24.2)
654 (75.8)

5 (41.7)
7 (58.3)

0.179a)

1,061 (57.5)
783 (42.5)

17 (54.8)
14 (45.2)

0.855a)

146 (4.9)
1,336 (44.8)
410 (13.8)
1,089 (36.5)

63 (6.5)
360 (37.3)
88 (9.1)
455 (47.1)

1 (7.7)
4 (30.8)
0(
8 (61.5)

0.301b)

81 (4.1)
954 (48.5)
317 (16.1)
617 (31.3)

1 (3.0)
18 (54.6)
5 (15.2)
9 (27.3)

0.618b)

2,491 (83.6)
490 (16.4)

809 (83.8)
157 (16.3)

12 (92.3)
1 (7.70)

0.705a)

1,645 (83.5)
324 (16.5)

25 (75.8)
8 (24.2)

0.237a)

2,520 (84.5)
461 (15.5)

868 (89.9)
98 (10.1)

11 (84.6)
2 (15.4)

0.634a)

1,615 (82.0)
354 (18.0)

26 (78.8)
7 (21.2)

0.647a)

1,507 (50.6)
1,474 (49.5)

757 (78.4)
209 (21.6)

4 (30.8)
9 (69.2)

< 0.001a)

736 (37.4)
1,233 (62.6)

10 (30.3)
23 (69.7)

0.471a)

1,783 (59.8)
998 (33.5)

828 (86.1)
134 (13.9)

5 (38.5)
8 (61.5)

< 0.001a)

941 (53.0)
833 (47.0)

9 (28.1)
23 (71.9)

0.007a)

Values are presented as number (%). TKI, tyrosine kinase inhibitor; HZ, herpes zoster; ECOG, Eastern Cooperative Oncology
Group. a)Pearson’s chi-square test, b)Chi-square test for trend.

regimens was analyzed by calculating the IRR of the TKI
group to the cytotoxic group with the log-rank test in the
Kaplan-Meier method.
The analyses were performed using SPSS ver. 17.0 (SPSS
Inc., Chicago, IL) and R software (ver. 3.2.2; Institute for Statistics and Mathematics, Vienna University of Economics and
Business, Vienna, Austria; available at http://www.r-project.org/index.html). Two-sided p-values of less than 0.05
were statistically significant.

No. H-1701-043-822) and performed in accordance with the
principles of the Declaration of Helenski.

4. Ethical statement

From 2002 to 2015, a total of 2,981 NSCLC patients, including 1,790 men (60.0%) and 1,191 women (40.0%), were
enrolled in the study. The mean age of the study population
was 62.37±11.07 years. As presented in Table 1, 83.6% and
16.4% of the patients received chemotherapy due to stage
IIIB/IV status at diagnosis and recurrence after surgery,

The information on the occurrence of herpes zoster was
obtained by the review of medical records. This study was
approved by the institutional review board of Seoul National
University Hospital with a waiver of informed consent (IRB
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Results
1. Study population
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Table 2. Incidence rates of herpes zoster during the periods of TKI regimen and cytotoxic regimen
TKI regimen period

Total TKI group (n=2,002)
Gefitinib group (n=1,635)
Erlotinib group (n=488)

Cytotoxic regimen period

IRR

No. of
events

PY

Incidence rate
(per 100 PYs)

No. of
events

PY

Incidence rate
(per 100 PYs)

Mean

95% CI

16
12
4

1,189
1,062
197

1.35
1.13
2.03

17
11
6

1,332
1,042
380

1.28
1.06
1.58

1.05
1.07
1.28

0.53-2.09
0.47-2.43
0.36-4.55

TKI, tyrosine kinase inhibitor; IRR, incidence rate ratio; PY, person-years; CI, confidence interval.

Table 3. Patient characteristics of the TKI and cytotoxic groups before and after propensity score matching
Before matching
Cytotoxic
group (n=979)
Sex
Male
Female
Age (yr)
Mean±SD
Operation
Yes
No
Radiotherapy
Yes
No
ECOG performance status
0
1
>2
Smoking status
Never smoker
Current or ex-smoker

771 (78.8)
208 (21.2)
64.31±10.11

After matching

TKI group
(n=2,002)
1,019 (50.9)
983 (49.1)
61.42±11.41

p-value

Cytotoxic
group (n=979)

TKI group
(n=979)

p-value

< 0.001a)

771 (78.8)
208 (21.2)

756 (77.2)
223 (22.8)

0.445a)

< 0.001b)

64.31±10.11

64.17±10.39

0.767b)

158 (16.1)
821 (83.9)

332 (16.6)
1,670 (83.4)

0.793a)

158 (16.1)
821 (83.9)

150 (15.3)
829 (84.7)

0.664a)

100 (10.2)
879 (89.8)

361 (18.0)
1,641 (82.0)

< 0.001a)

100 (10.2)
879 (89.8)

80 (8.2)
899 (91.8)

0.137a)

64 (12.4)
364 (70.5)
88 (17.1)

82 (6.0)
972 (70.6)
322 (23.4)

< 0.001c)

64 (12.4)
364 (70.5)
88 (17.1)

39 (6.9)
407 (71.8)
121 (21.3)

0.002c)

214 (24.5)
661 (75.5)

1,078 (57.5)
797 (42.5)

< 0.001a)

214 (24.5)
661 (75.5)

335 (37.9)
549 (62.1)

< 0.001a)

Values are presented as number (%) unless otherwise indicated. TKI, tyrosine kinase inhibitor; SD, standard deviation;
ECOG, Eastern Cooperative Oncology Group. a)Pearson’s chi-square test, b)Student’s t-test, c)Chi-square test for trend.

respectively. Of the patients, 84.5% received radiation therapy, 49.5% received more than three lines of chemotherapy,
and 33.5% received chemotherapy for more than 1 year.
Patients with a history of TKI treatment (2,002 patients)
were classified as the TKI group, and the remaining 979
patients without a history of TKI treatment were classified
as the cytotoxic group. In the TKI group, 1,514 patients
(75.6%) received gefitinib treatment only, 367 patients
(18.3%) received erlotinib treatment only, and 121 patients
(6.0%) had received both gefitinib and erlotinib treatments.
Among the total study population, 46 patients developed

herpes zoster after the initiation of chemotherapy, and the
overall frequency of herpes zoster was 1.54%. The frequency
of herpes zoster was not different based on sex, age, smoking
history, ECOG performance status, initial status, and previous radiotherapy history in both the TKI and cytotoxic
groups. However, the frequency was significantly different
according to the number of chemotherapy regimens in the
cytotoxic group. In both groups, the frequency of herpes
zoster was significantly higher with a longer duration of
chemotherapy.

VOLUME 51 NUMBER 1 JANUARY 2019
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Fig. 2. The Kaplan-Meier cumulative incidence of herpes zoster plotted to compare the tyrosine kinase inhibitor (TKI) group
and cytotoxic group (A), gefitinib group and cytotoxic group (B), and erlotinib group and cytotoxic group (C).

2. Risk of herpes zoster during the use of TKI and cytotoxic
regimens
We compared the incidence of herpes zoster during the
TKI regimen period with that during the cytotoxic regimen
period in the TKI group. TKI/cytotoxic regimen period was
defined as the period during which patients are currently
receiving TKI/cytotoxic regimen without discontinuation.
The incidence rate during the TKI regimen period was 1.35
per 100 PY, and the incidence rate during the cytotoxic regi-
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men period was 1.28 per 100 PY. The IRR of the TKI regimen
period to the cytotoxic regimen period was 1.05 (95% CI, 0.53
to 2.09), suggesting that that there was no significant difference in the occurrence of herpes zoster according to the treatment regimen (Table 2).
To determine whether there was a difference in the incidence of herpes zoster according to the type of EGFR TKI,
we performed a subgroup analysis of 1,635 patients with a
history of gefitinib therapy and 488 patients with a history
of erlotinib therapy. Compared to the incidence rate of her-

Ji Young Choi, The Effect of TKIs on Herpes Zoster Development

Table 4. Incidence rates of herpes zoster in the TKI (including subgroups) and cytotoxic groups
Before matching
TKI group
Cytotoxic group
IRR (95% CI), TKI vs.
cytotoxic group
Gefitinib group
Cytotoxic group
IRR (95% CI), gefitinib
vs. cytotoxic group
Erlotinib group
Cytotoxic group
IRR (95% CI), erlotinib
vs. cytotoxic group

After matching

No.

No. of events

PY

IR (per 100 PY)

No.

No. of events

PY

IR (per 100 PY)

2,002
979

33
13

2,318
1,114

1.42 (
1.17 (
1.22 (0.64-2.32)

979
979

16
13

1,033
1,114

1.55 (
1.17 (
1.33 (0.64-2.76)

1,635
979

25
13

2,015
1,114

1.24 (
1.17 (
1.06 (0.54-2.08)

979
979

15
13

1,106
1,114

1.36 (
1.17 (
1.16 (0.55-2.44)

488
979

9
13

437
1,114

2.06 (
1.17 (
1.77 (0.76-4.13)

488
488

9
5

437
605

2.06 (
0.83 (
2.50 (0.84-7.45)

TKI, tyrosine kinase inhibitor; PY, person-years; IR, incidence rate; IRR, incidence rate ratio; CI, confidence interval.

pes zoster during the cytotoxic regimen period, the IRR of
incidence rate during gefitinib therapy was 1.07 (95% CI, 0.47
to 2.43) and that during erlotinib therapy was 1.28 (95% CI,
0.36 to 4.55), both of which were not significant.

cumulative risks by Kaplan-Meier analysis, there was no significant difference between the TKI subgroups and the cytotoxic group (log-rank test; p=0.994, gefitinib vs. cytotoxic;
p=0.104, erlotinib vs. cytotoxic) (Fig. 2B and C).

3. Longitudinal risk of herpes zoster in patients treated
with the TKI and cytotoxic regimens
To evaluate the longitudinal risk of herpes zoster, we compared the incidence rate of herpes zoster in the TKI group
with that in the cytotoxic group by reviewing the occurrence
of herpes zoster after chemotherapy. We performed propensity score matching to balance the covariates between the two
groups, i.e. the clinical features shown in Table 3, and 979
individuals in both groups were matched. Prior to matching,
the TKI group had a lower male ratio, a lower mean age, a
higher percentage of smokers, and a higher percentage of
previous radiotherapy treatments compared to the cytotoxic
group. However, the difference between the TKI and the
cytotoxic groups was reduced after matching.
After matching, the IRR of the TKI group, compared to the
cytotoxic group, was 1.33 (95% CI, 0.64 to 2.76), which meant
that there was no significant difference in the longitudinal
incidence rate of herpes zoster between the two groups.
Moreover, the Kaplan-Meier cumulative risk of these two
groups were not significantly different (p=0.591, log-rank
test) (Fig. 2A).
The IRR was also calculated using the subgroup analysis
in which propensity matching was performed for the two
subgroups of patients receiving gefitinib and erlotinib. There
was no significant difference between the two TKI subgroups
and the cytotoxic group (Table 4). When comparing the

Discussion
The incidence rate of herpes zoster has been reported to be
higher in patients with malignancies and in patients who
underwent cancer treatments compared to the general population. According to the retrospective study by Rusthoven
et al. [21], the cumulative incidence rate of herpes zoster in
their cancer patient cohort was 625 per 105 PY, which was
two to three times greater than that in the general population.
Dunst et al. [22] reported the incidence rate of herpes zoster
among breast cancer patients after radiotherapy to be 3.7%
(41/1,555 patients), which was 3- to 5-fold higher than that
in the general population. However, the association between
the development of herpes zoster and chemotherapeutic
agents has rarely been studied.
VZV is known to remain in its latent stage when VZV-specific cell-mediated immunity is potent. Accordingly, the host
factors that cause serious disruption of cell-mediated immunity have been known as major risk factors of reactivation.
Among cancer patients, patients with hematologic malignancies have been reported to have high frequencies of herpes
zoster, possibly due to their compromised immune system.
Although patients with solid tumors are relatively less at
risk, patients receiving chemotherapy are at greater risk for
VOLUME 51 NUMBER 1 JANUARY 2019
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herpes zoster [21,23]. A study that investigated herpes zoster
infections in breast cancer patients treated with adjuvant
chemotherapy reported 13- to 25-fold higher incidence compared to the incidence in the general population [24].
Masci et al. [24] further highlight the association between
the immunosuppressive effects of chemotherapy and the
incidence of herpes zoster by comparing the incidence during taxane-based treatment, anthracycline-based treatment,
and cyclophosphamide/methotrexate/fluorouracil treatment. The incidence of herpes zoster was the highest during
taxane-based treatment, which was considered to have the
strongest immunosuppressive effect. The effect of immunemodulating agents on the occurrence of herpes zoster was
also investigated in a study that reviewed the incidence of
herpes zoster in patients with non-Hodgkin lymphoma
(NHL). Among NHL patients, the patients receiving rituximab-containing chemotherapy had an increased short-term
risk of herpes zoster compared to the patients receiving conventional chemotherapy [25]. It is speculated that rituximab,
which causes B-cell depletion and disruption of cellular and
humoral immunities, increases the risk of herpes zoster.
Based on these findings, chemotherapy that suppresses the
immune system is an important predisposing factor of herpes zoster.
Then it is reasonable to question whether TKIs, whose
therapeutic mechanism is fundamentally different from
cytotoxic chemotherapy, would impose comparable risk of
herpes zoster. Even though there have been sporadic reports
of reactivation of viral diseases during the use of TKIs, EGFR
TKIs have been reported to have significantly fewer treatment-related severe adverse events, including neutropenia,
compared to cytotoxic chemotherapy [11,13,26]. Moreover,
EGFR TKIs have been reported to have anti-viral effects on
several viral diseases. As EGFR TKIs can inhibit virus-associated EGFR signaling as well as cancer-associated EGFR signaling, they can interfere with the pathogenesis of viruses
that involve the EGFR pathway. For HPV, erlotinib was
found to prevent immortalization of human cervical epithelial cells by disrupting the EGFR pathway by which HPV
oncoproteins stimulate cell growth [17]. For HCV, the tyrosine-based motif within the viral core protein was found to
be essential for viral assembly by interacting with a membrane trafficking protein of host cells. Discovery of this motif
and consequent experimental evidence that the interaction
between viral and host proteins was hampered by the use of
erlotinib suggest the potential use of TKIs as antivirals. Moreover, gefitinib was also shown to inhibit poxvirus infection
because it blocks the interaction of the vaccinia growth factor
of the virus and EGFR, which facilitates viral spreading [19].
Consequently, we anticipated that the use of EGFR TKIs
would impose less of a burden on the development of herpes
zoster than cytotoxic chemotherapy.
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However, our data showed that the incidence during the
use of EGFR TKIs was not significantly lower than that during the use of cytotoxic chemotherapy. We also found that
the incorporation of TKIs into cytotoxic chemotherapy did
not significantly reduce the longitudinal risk of herpes zoster
in the present study. These findings suggest that EGFR TKIs
may impose as significant a risk as cytotoxic chemotherapy
for the development of herpes zoster during and after the
treatment.
This study has several limitations. This was a retrospective
study conducted in a single institution. We may underestimate the incidence of herpes zoster because herpes zoster
that occurred during the period when the patient was not
visiting the hospital was not included in the study. Potential
confounding variables, such as smoking/drinking habits,
social-economic status, level of immunosuppression, and
underlying diseases other than lung cancer, were not fully
reflected owing to limited information on medical records,
and subanalysis according to the NSCLC subtype and various cytotoxic agents were not performed. However, a study
population of about 3,000 patients and a follow-up period of
up to 13 years increased the statistical reliability of the results
and many important confounding factors including ECOG
performance, operation history, and history of radiation therapy were controlled through propensity score matching. In
addition, this was the first study to statistically analyze the
incidence of herpes zoster in patients with NSCLC according
to chemotherapy regimens, including TKIs and cytotoxic
agents.
In conclusion, we found that the incidence of herpes zoster
during the EGFR TKI regimen was not significantly lower
than that during the cytotoxic regimen in NSCLC patients.
There was no difference in the longitudinal risk of herpes
zoster between the TKI and cytotoxic groups. Although TKIs
are generally thought to be more tolerable to immune-related
cells than cytotoxic chemotherapy, our findings emphasize
not to overlook the risk of herpes zoster in patients treated
with EGFR TKIs. It is therefore worth closely monitoring
patients treated with EGFR TKIs as carefully as patients
treated with cytotoxic chemotherapy for preventing the
development of herpes zoster.
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Purpose
The present study investigated the psychosocial health of disease-free breast cancer survivors who receive health examinations compared to matched non-cancer controls in a community setting.
Materials and Methods
We used baseline data from the Health Examinee cohort, which is composed of subjects
participating in health. The disease-free breast cancer survivors were defined as those who
were  2 years from initial diagnosis of breast cancer who had completed treatment.
Females without a history of cancer were randomly selected at 1:4 ratio by 5-year age
groups, education, and household income as a comparison group. We analyzed results from
the Psychosocial Well-being Index-Short Form (PWI-SF) as a psychosocial health measurement.
Results
A total of 347 survivors of breast cancer and 1,388 matched controls were included. Total
scores on the PWI-SF were lower in breast cancer survivors than matched non-cancer controls (p=0.006), suggesting a lower level of psychosocial stress in breast cancer survivors.
In comparison to the control group, prevalence of drinking, smoking and obesity were lower,
while exercising for  150 min/wk was higher in breast cancer survivors (p < 0.05). These
findings suggest that breast cancer survivors have better health behaviors than their noncancer controls. After adjusting for other sociodemographic variables, breast cancer survivors were 36% less likely to be included in the stress group (odds ratio, 0.64; 95%
confidence interval, 0.42 to 0.98).
Conclusion
The disease-free breast cancer survivors resuming daily life demonstrated better psychosocial health status compared to matched non-cancer controls.

Introduction
Breast cancer is the second-most common cancer, followed
by thyroid cancer, among Korean women, and although the
mortality from this disease is quite low, it is the most prevalent cancer among women globally [1-3]. The number of
long-term survivors is rapidly growing due to the increasing
rates of detection and incidence as well as improved survival
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[4,5]. The increasing number of breast cancer survivors urges
the examination of the long-term effects of breast cancer. Survivors of breast cancer are at risk of not only recurrence and
secondary cancer but also non-cancerous medical problems,
such as cardiovascular diseases, endocrine diseases, poor
quality of life, and functional decline related to cancer treatment [6-8].
The long-term effects of breast cancer and its treatment
have been shown to have both positive and negative effects
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on survivors’ quality of life (QOL) [9]. Additionally, QOL in
terms of physical functioning and psychosocial health outcomes vary across the breast cancer continuum including
diagnosis at different stages of breast cancer, disease-free survivorship beyond the first course of primary treatment, longterm disease-free survivorship, and first recurrence of breast
cancer [10]. Poor psychosocial health is attributed to worries
about recurrence [11,12]. Long-term breast cancer survivors
report a higher prevalence of mild to moderate depressive
symptoms than healthy controls, with prevalence rates of at
least 15% 5 years after their diagnosis versus 4.5% to 9.3%
among women in healthy community samples [12-15]. While
several studies have investigated various aspect of psychosocial health including QOL, depression, subjective health status and psychosocial distress in short-term and long-term
breast cancer survivors, most studies have focused on the
psychosocial health related to time since diagnosis, treatment
status, or recurrence. Although the spectrum of breast cancer
includes diagnosis, primary treatment, genetic risk and its
psychological management, recurrence, completing treatment and re-entry to normal living, survivorship, and palliation for advanced cancer [10], little research has investigated
breast cancer survivors who have completed treatment and
resumed normal daily activities. Thus, research focusing on
breast cancer survivors with complete recovery in a community-based setting may offer valuable and novel insight.
The Health Examinee (HEXA) cohort recruits participants
from health examination centers located nationwide who get
regular health checkups, and it includes healthy individuals
as well as individuals with various chronic diseases including cancer. By using data from HEXA cohort baseline examination and survey as a cross-sectional approach, the present
study assessed and compared the psychosocial health of disease-free breast cancer survivors who had completed treatment and resumed daily life to a matched non-cancer
controls.

Materials and Methods
1. Data source and study population
The HEXA cohort, which is a part of the Korea Genome
Epidemiology Study (KoGES) was used. The HEXA cohort
is a large-scale cohort study established between 2004 and
2014 by the Korea Centers for Disease Control and Prevention and collects clinical and epidemiological data using standardized questionnaire as well as bio-specimens of participants after informed consent is given. The HEXA cohort
recruited examinees aged 40-70 from health examination cen-

ters located in 14 urban areas during 2004-2013. Details of the
KoGES and HEXA cohort protocol including questionnaire
development are described in other literature [16].
Baseline questionnaire regarding past medical history
included whether they had been diagnosed with cancer by a
physician, types of cancer diagnosed, age at diagnosis, and
current treatment status (complete treatment, under treatment, left untreated, or never-treated). With questionnaire
regarding past medical history, we classified female participants into those with history of breast cancer (prevalent
breast cancer cases) and those without history of any types
of cancer. A total of 859 female participants reported that
physician had diagnosed them with breast cancer at the baseline survey, and the mean value of time since diagnosis was
6.0±5.5 years (range, 0 to 41 years). We defined breast cancer
survivors as those who reported that they were  2 years
from the initial diagnosis of breast cancer and had completed
treatment without recurrence at the time of baseline survey
of HEXA cohort. We excluded subjects who were < 20-years
of age at first diagnosis and those with missing variables in
the Psychosocial Well-being Index-Short Form (PWI-SF) at
the baseline survey [17]. Disease-free breast cancer survivors
were matched with non-cancer controls at 1:4 ratio by frequency matching. Female participants without a history of
any cancer and who completed the PWI-SF at the time of
baseline survey of HEXA cohort were randomly selected
according to 5-year age groups, educational attainment level
(less than high school, high school, and college or more), and
household income level (< $3,000/mo and  $3,000/mo) as
a comparison group (referred to as matched non-cancer controls). Ultimately, 347 survivors of breast cancer and 1,388
matched participants without cancer histories were selected
for analysis (Fig. 1).
2. Psychosocial health
The PWI-SF, the shortened form of PWI corrected for General Health Questionnaire-60 made and validated by Chang
[17], was applied to measure the level of psychosocial stress.
The PWI-SF has been administered to access psychosocial
stress level in various studies such as the largest population
based cohort study [16], a stroke cohort [18], automobile
workers stress study [19], and firefighters’ stress study [20].
The PWI-SF, with a total score range from 0 to 54, consists of
18 items in four scales on a 4-point Likert scale: social performance and self-confidence of 8 items, depression of three
items, sleeping disturbance and anxiety of three items, and
general well-being and vitality of four items. The subject is
asked to assess changes in his/her mood, feelings and
behaviors in the period of recent several weeks and is classified the healthy group, which consisted those with score  8,
the latent stress group (score 9-26), and the stress group
VOLUME 51 NUMBER 1 JANUARY 2019
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Total female participants of HEXA baseline study (n=111,592)

Ever diagnosed with breast cancer
by a physician in questionnaire (n=859)

Never diagnosed with any cancer
by a physician in questionnaire (n=90,190)

Completed treatment (n=411)
More than 2 years since initial
diagnosis (n=356)

Completed PWI-SF (n=85,901)

Completed PWI-SF (n=347)

Included non-cancer controls (n=1,388)
Matched by age, education,
and income by 1:4

Fig. 1. Study profile of disease-free breast cancer survivors and matched non-cancer controls. HEXA, the Health Examinee
cohort; PWI-SF, Psychosocial Well-being Index-Short Form.

which contained those with scores  27 [18]. Breast cancer
survivors and matched non-cancer controls were classified
into two groups: the healthy group, which consisted those
with score  26, and the stress group which contained those
with scores  27.
3. Definition of variables
Other sociodemographic characteristics were defined as
follows: marital status was categorized into currently married and unmarried, which included never married, separated, divorce, and bereavement. Drinking and smoking were
categorized by past/current (presented as “ever drinker/
smoker”) or never. Exercise behavior was classified according to the American Cancer Society Physical Activity Guidelines for Cancer Survivors, which recommends  150 minutes
of exercise per week [21]. Post-menopausal women were
defined as those who had not experienced menstruation for
the past 12 months. Body mass index (BMI) was categorized
as < 25 or  25 kg/m2. Current job status was classified as
unemployed when a participant reported being unemployed
or a housewife and employed. Subjective health status was
measured as very healthy, healthy, normal, unhealthy, or
very unhealthy and was classified into “very healthy,
healthy” and “normalvery unhealthy.”
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4. Statistical analysis
The sociodemographic characteristics of the female breast
cancer survivors and their matched non-cancer controls were
compared using a chi-square test for categorical variables
and a t test for continuous variables. The mean score of the
PWI-SF among breast cancer survivors and matched noncancer controls was compared using a t test according to each
socioeconomic characteristic. After adjusting for other
sociodemographic characteristics such as marital status,
smoking status, drinking status, exercise, menopausal status,
BMI, current job status, and subjective health status, a multivariable conditional logistic regression was conducted to
investigate whether stress levels were higher in breast cancer
survivors than matched non-cancer controls because breast
cancer survivors and matched non-cancer controls were
matched by age, education, and income level. All statistical
analyses were conducted using SAS software ver. 9.1 (SAS,
Inc., Cary, NC).
5. Ethical statement
The Institutional Review Board of the National Cancer
Center approved this study protocol (IRB No. NCC20140098). Informed consents were obtained from all participants.
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Table 1. General characteristics of breast cancer survivors and matched non-cancer controls
Variable
Age (yr)
Education
Less than high school
High school
College or more
Income ($/mo)
< 3,000
 3,000
Marital status
Currently unmarried
Currently married
Smoking status
Never
Ever
Drinking status
Never
Ever
Exercise (min/wk)
< 150
 150
Menopausal status
Premenopause
Postmenopause
Body mass index (kg/m2)
< 25
 25
Current job status
Unemployed
Employed
Subjective health status
Very healthy, healthy
Normal–very unhealthy
Stress level
Healthy group
Latent stress group
Stress group

Breast cancer
survivors (n=347)

Matched females
(n=1,388)

p-value

55.8±7.1

55.5±7.9

0.358

137 (39.9)
126 (36.7)
80 (23.3)

568 (41.2)
497 (36.1)
313 (22.7)

0.910

175 (57.6)
129 (42.4)

699 (57.7)
512 (42.3)

0.961

52 (15.0)
295 (85.0)

228 (16.5)
1,155 (83.5)

0.498

344 (99.4)
2 (0.6)

1,336 (96.5)
49 (3.5)

0.004

278 (80.1)
69 (19.9)

950 (68.6)
435 (31.4)

< 0.001

189 (55.1)
154 (44.9)

833 (62.3)
504 (37.7)

0.015

39 (11.2)
308 (88.8)

425 (30.6)
963 (69.4)

< 0.001

162 (47.0)
183 (53.0)

600 (43.4)
783 (56.6)

0.232

230 (67.1)
113 (32.9)

877 (65.5)
461 (34.4)

0.307

101 (29.3)
244 (70.7)

484 (34.9)
901 (65.1)

0.046

41 (11.8)
276 (79.5)
30 (8.7)

140 (10.1)
1,065 (76.7)
183 (13.2)

0.057

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

Results
The demographics of the breast cancer survivors and
matched non-cancer controls were compared (Table 1). Age,
education and income level which were matched when
selecting controls did not differ between the two groups. The
proportions of ever drinkers and ever smokers, and proportion of those whose subjective health status was healthy were

lower among breast cancer survivors than the matched noncancer controls. Additionally, breast cancer survivors
reported significantly high rates of exercising  150 min/wk
and postmenopausal status than their matched non-cancer
controls (p < 0.05). The prevalence of latent stress and stress
in breast cancer survivors was 79.5% and 8.7% respectively,
while the matched non-cancer controls reported 76.7% and
13.2%, respectively, showing borderline significant differences (p=0.057).
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Table 2. Total score of Psychosocial Wellbeing Index-Short Form between breast cancer survivors and matched non-cancer
controls according to sociedemographic characteristics
Variable

Breast cancer survivors

Matched females

p-valuea)

15.8±7.1

17.0±8.0

0.006

16.5±7.8
16.1±7.0
14.2±5.9

18.1±8.6
16.4±7.7
15.8±7.2

0.039
0.664
0.045

15.7±7.5
15.5±6.5

17.6±8.2
15.7±7.3

0.006
0.745

18.2±8.4
15.4±6.8

18.3±8.2
16.8±8.0

0.918
0.003

15.8±7.2
15.5±3.5

16.9±8.0
19.3±9.8

0.011
0.594

15.8±6.9
16.0±7.9

17.0±8.1
17.1±8.0

0.015
0.264

16.2±7.0
15.3±7.2

18.1±8.1
15.5±7.7

0.001
0.703

15.1±5.7
15.9±7.3

17.0±7.6
17.0±8.2

0.067
0.021

15.2±6.6
16.3±7.6

17.1±8.0
16.9±8.1

0.002
0.338

16.3±7.5
14.9±6.0

16.8±8.1
17.2±7.9

0.390
0.001

12.0±5.9
17.3±7.0

13.0±6.5
19.2±8.0

0.250
0.001

Total
Education
Less than high school
High school
College or more
Income ($/mo)
< 3,000
 3,000
Marital status
Currently unmarried
Currently married
Smoking status
Never
Ever
Drinking status
Never
Ever
Exercise (min/wk)
< 150
 150
Menopausal status
Premenopause
Postmenopause
Body mass index (kg/m2)
< 25
 25
Current job status
Unemployed
Employed
Subjective health status
Very healthy, healthy
Normal–very unhealthy

Values are presented as mean±standard deviation. a)p-value from t test.

The total PWI-SF score was significantly lower in the breast
cancer survivor group compared to matched non-cancer controls, suggesting a lower level of psychosocial stress among
breast cancer survivors (p=0.006) (Table 2). According to
sociodemographic status, total PWI-SF scores were significantly lower among breast cancer survivors than matched
non-cancer controls among those whose education level was
less than high school level, or college or more, as well as
those who: earned < $3,000/mo of income, were currently
married, had never smoked, had never drank, were physically inactive, reported postmenopausal status, had a BMI of
< 25 kg/m2, were currently employed and reported lower
subjective health (p < 0.05). In comparison to the non-cancer
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controls with same characteristics, breast cancer survivors
did not show significantly higher levels of stress in any of
the sociodemographic characteristics. In addition, according
to survival years among breast cancer survivals, there was
no significant difference in mean PWI-SF score (2-5 years,
16.5; 6-10 years, 16.1; and  11 years, 14.8; p=0.211; data not
shown).
After controlling for the sociodemographic variables,
breast cancer survivors were 36% less likely to have psychosocial stress (odds ratio [OR], 0.64; 95% confidence interval [CI], 0.42 to 0.98), suggesting the lower level of psychosocial stress in breast cancer survivors is an independent
effect (Table 3). In addition to cancer survivors status, smok-
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Table 3. Risk factors associated with stress in study population
Variable
Marital status
Currently unmarried
Currently married
Smoking status
Never
Ever
Drinking status
Never
Ever
Exercise (min/wk)
< 150
 150
Menopausal status
Premenopause
Postmenopause
Body mass index (kg/m2)
< 25
 25
Current job status
Unemployed
Employed
Subjective health status
Very healthy, healthy
Normal–very unhealthy
Group
Breast cancer survivors
Matched non-cancer controls

Odds ratio (95% CI)a)

p-valuea)

1(
0.73 (0.50-1.08)

0.112

1(
2.05 (1.01-4.16)

0.046

1(
1.04 (0.74-1.47)

0.820

1(
0.64 (0.46-0.91)

0.012

1(
0.79 (0.49-1.29)

0.345

1(
0.89 (0.65-1.21)

0.442

1(
1.13 (0.80-1.58)

0.498

1(
4.99 (3.11-8.01)

< 0.001

0.64 (0.42-0.98)
1(

0.039

CI, confidence interval. a)Results from multivariable conditional logistic regression adjusted for all listed variables.

ing status, habit of exercise, and subjective health status were
also independent predictors of psychosocial health (OR, 2.05;
95% CI, 1.01 to 4.16 for ever smokers; OR, 0.64; 95% CI, 0.46
to 0.91 for exercise  150 min/wk; and OR, 4.99; 95% CI, 3.11
to 8.01 for low subjective health status).

Discussion
Assessing the QOL in breast cancer survivors has emerged
as an important issue given the persisting increase in longterm survivors. We assessed the psychosocial health status,
a part of QOL, of breast cancer survivors and matched noncancer controls using baseline data of HEXA cohort. Our
findings reveal that breast cancer survivors resuming daily
life show significantly better psychosocial health status compared with matched non-cancer controls. In addition, their

health behaviors, including alcohol drinking, smoking, physical activity and weight control, are better than non-cancer
controls groups. Moreover, these two groups were drawn
from the same cohort population and matched by age, education, and income level.
QOL is composed of broad domains that generally include
physical, functional, emotional and social well-being. Psychosocial health can be considered as a complex interaction
of emotional and social well-being. Emotional well-being is
characterized on a range from distress to positive sense of
well-being. Social well-being includes social relationships,
interactions, and integration. A meta-analysis of QOL in
breast cancer survivors showed a mix of positive and negative results [9]. Two studies reported that long-term breast
cancer survivors demonstrated an improvement in QOL over
time and have a similar QOL to age-matched non-cancer controls in most aspects [22,23]. In one of these studies, outcome
for emotional and social well-being of long-term breast cancer survivors were similar to non-cancer controls [22]. A preVOLUME 51 NUMBER 1 JANUARY 2019
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vious study conducted by our research team demonstrated
that both immediately after a diagnosis of breast cancer and
1 year later, patients reported a lower health-related QOL
than the general population [24]. However, study participants were recruited from cancer centers immediately following diagnosis and the follow-up period was only 1 year.
Thus participants may not have fully recovered from the
impact of breast cancer and treatments, including the side
effects, which may explain in part why they reported a lower
QOL than the general population.
In the present study, breast cancer survivors showed better
psychosocial health status than matched non-cancer controls,
and it was consistent across most of the social stratifications analyzed. After adjusting for the effects of sociodemographic factors, breast cancer survivors experienced less
stress. We excluded participants less than 2 years from initial
diagnosis and those who had not completed treatment, and
we randomly selected non-cancer controls matched by age,
education attainment level, and household income level.
Breast cancer survivors tended drink less alcohol and smoke
less and had a better habit of regular exercise compared with
matched non-cancer controls. Better health behaviors in cancer survivors have been identified in several previous studies
[25-27]. We assumed better health behaviors in breast cancer
survivors may be partially attributed to their better psychosocial health status. As the participants in this study voluntarily participate in regular health examinations, they
might be considered to be more health conscious than those
who don’t. The breast cancer survivors with regular health
examination had better health behaviors, and this might help
explain, why they reported a better psychosocial health status than non-cancer controls. In addition, among these breast
cancer survivors, there was not difference between years
since breast cancer diagnosis and PWI-SF score, suggesting
after recovery, the better psychosocial health of breast cancer
survivors would be maintained.
This study is the first to investigate psychosocial health in
breast cancer survivors who have resumed daily life by
examining community-based data from health examination
centers. The difficulties associated with long-term follow-up
of breast cancer survivors who have finished adjuvant treatment as well as finding appropriate controls for comparison
has limited the study of psychosocial health in long-term
cancer survivors because these two groups typically come
from different sources. To overcome this hurdle, we assessed
the psychosocial health of breast cancer survivors and
matched non-cancer controls using baseline data of HEXA
cohort, which is assumed to include relatively homogenous
populations. Both breast cancer survivors and non-cancer
controls from this cohort may be more concerned about their
health and more likely to have good health behavior compared to those who don’t participate in health checkups [28].
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1. Study limitation
In our study, some methodological limitations should be
mentioned. The study populations included the visitors of
health examination centers who get regular health checkups
and, thus, they may not represent disease-free breast cancer
survivor in Korea and might be more concerned about their
health status and maintaining a healthy lifestyle than the
general population. Thus, we caution the generalization of
our results to all breast cancer survivors. In addition, Berkson’s bias which often arise when a study is conducted in a
clinic, where attendance was affected by both exposure and
disease [29], could affect the study results. A study which
applied data from the nationally representative population
also presented that there were no differences in stress level
between cancer survivors and controls [30]. Although direct
comparison of the two results might not be appropriate, our
results would be acceptable based on the previous study in
Korean population. However, individuals who have survived breast cancer for  2 years from initial diagnosis, completed treatment, and received regular medical checkups in
health examination centers may represent breast cancer survivors who have fully returned to daily life and could be the
target population for management of survivors within a
community setting. We defined breast cancer survivors by
responses to self-report questionnaires. Although recall bias
may have been an issue, previous studies have reported a
reasonably high validity for self-report cancer history [31,32],
and we considered this information bias to be minimal.
Because this study used baseline survey of HEXA cohort,
applying observation study, it could be difficult to draw conclusions regarding causal relationships between breast cancer survivor status and psychosocial health level. In addition,
although we tried to adjust for all possible confounders
measured by questionnaire, there might be residual confounding due to less precise categorization or some confounding variables remain unaccounted for.
2. Clinical implications
The present study is the first to report a comparison of psychosocial health between disease-free breast cancer survivors
who have resumed daily life and matched non-cancer controls. To increase comparability, breast cancer survivors and
non-cancer controls were recruited from the same cohort
population, matched by 5-year age groups, education, and
household income. In conclusion, breast cancer survivors
demonstrated better health behaviors, such as drinking less
alcohol, lower BMI, smoking less and exercising more, and
revealed better psychosocial health.
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Long-term Survival in Patients Treated with a Robotic Radiosurgical
Device for Liver Metastases

Purpose
The treatment of liver metastases with local procedures is a fast progressing field. For the
most, long-term survival data is missing raising questions with regard to the efficacy of such
modalities when compared to surgical resection. Radiosurgery using the CyberKnife device
enables the treatment of liver lesions with a single-session approach. Here we present longterm survival data to explore the curative potential of this strategy.
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Materials and Methods
Patients with oligo-metastatic disease limited to the liver have been treated with single-session or hypo-fractioned radiosurgery in curative intent and prospectively followed until death.
Follow-up (FU) was performed using magnetic resonance imaging (MRI) 2 months after
radiation and at 3-month intervals for the first 2 years. After that annual computed tomography or MRI scans were performed until 5 years post-treatment. Local recurrence in the
radiated volume and recurrence outside the treated volume were used to define local and
distant progression. Survival times were censored at the time of the last FU.
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Results
One hundred twenty-six patients treated between 2005 and 2015 with 194 lesions were
included into this study. Median FU was 30.0 months. According to Response Evaluation
Criteria in Solid Tumors, 55.2% had a complete remission and 11.3% a partial remission.
Seventy-two point two percent recurred outside the radiated lesion and median overall survival was 35.2 months with a 3-year survival rate of 47.7%.
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Conclusion
This is currently the largest cohort of stereotactic body radiation therapy treated liver lesions
with a median long-term follow of 30 months. Robotic radiosurgery using a single session
approach has a high efficacy to control the radiated lesion with the potential to cure
patients.

Introduction
Patients with metastatic disease dominant or limited to the
liver benefit from aggressive local treatment in terms of overall survival (OS) times. This has been demonstrated particularly for colorectal liver metastases (CRLM) where the secondary resection of liver metastases has shown to prolong survival significantly [1]. The actual European Society of Med│ https://www.e-crt.org │

Key words
Radiosurgery, Radiation, Liver metastases, Radiosurgery,
Colonic neoplasms, Liver

ical Oncology guidelines for metastatic colorectal cancer
(mCRC) focus on this special group of patients and recommend surgery as the “gold standard” whenever possible [2].
For numerous reasons not all patients with a technical
resectable metastases to the liver qualify for surgery. Main
reasons are age and comorbidities but also extensive pretreatment to the liver by chemotherapy or previous surgery
to the liver. For those patients the current guidelines define
local treatment options such as thermal ablation therapies
Copyright ⓒ 2019 by the Korean Cancer Association
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(microwave [MW] ablation, radio-frequency ablation [RFA],
or laser-induced thermotherapy), stereotactic body radiation
(SBRT), or selective internal radiation as the “toolbox” that
should be utilized according to the experience of the respective treatment center [2]. The efficacy of those local treatment
modalities is seen as comparable to each other even so no formal comparisons in clinical trials have been carried out so
far. As recurrence rates after surgery of liver metastases are
between 50% and 75% within the first 2 years after surgery
[3-5], surgery in curative intent is not perfect when it comes
to disease control and is biased by patient selection. Retrospective analyses on RFA versus surgery suggest a superior
outcome of surgery [3] in CRLM [6]. For hepatocellular carcinomas retrospective analyses showed a better outcome
with respect to disease-free survival but comparable results
for OS when RFA was compared to surgery [7]. For thermal
ablation modalities the size of the treated lesion has been
shown to be of critical value with respect to survival and
recurrence [8] favoring tumors with a diameter of less than
3 cm. The advantage of external body radiation is mainly
seen in the absence of an invasive procedure promising less
morbidity with comparable efficacy to other local treatments.
Moreover, systemic treatment may not be interrupted during
SBRT. The feasibility of SBRT has been shown by the landmark paper of Rusthoven et al. [9] where 63 lesions have
been treated with SBRT with a 2-year local control rate of
100% and a median OS of 20.5 months. Technical difficulties
that have to be overcome prior to radiate a moving organ
such as the liver are to track the lesion during radiation and
to re-focus the radiation beam to the target lesion. This is pivotal to maximize efficacy and to minimize adverse events.
There are different techniques to ensure those requirements
such as magnetic resonance imaging (MRI) and computed
tomography (CT) scan based planning procedures in combination of immobilization devices [10,11]. Next to SBRT the
development of intensity modulated radiotherapy (IMRT)
enabled the radiation oncologist to modulate the intensity of
the radiation beam to spare healthy tissue. The CyberKnife
technique consists of a linear accelerator (LINAC) mounted
on a six-axis robotic manipulator that allows radiation of the
target lesion from multiple angles, track the lesion in real
time and adjust the beam accordingly. This enables single
session robotic real time tracking without the need of an
immobilization device [12].
Here, we present the long-term outcome of patients treated
in curative intent with radiation of liver lesions using the
CyberKnife system.
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Materials and Methods
Patients treated at the European Cyberknife Center
Munich between 2005 and 2015 in curative intent for liver
lesions were prospectively followed until death. All patients
were evaluated prior to radiation by a multidisciplinary
tumor board consisting of medical oncologists, hepato-biliary surgeons, interventional radiologists and radiation
oncologists. All patients gave informed consent prior treatment for follow-up (FU) procedure and telephone contacts.
FU was performed using MRI scanning 2 months after radiation and at 3-month intervals for the first 2 years or at the
recommendation of the medical oncologist.
1. Treatment
CyberKnife treatment was performed as described before
[12]. In short, a radiosurgical device (Accuray, Sunnyvale,
CA) with real time tumor tracking was used. Prior to radiation, one or two gold fiducials (CP Medical Inc., Portland,
OR) were placed inside or next to the metastases via an 18G
needle under local anesthesia and CT fluoroscopy guidance
in the interventional radiology unit. Contrast enhanced
dynamic CT (arterial and portalvenous phase) and MRI
(using liver-specific contrast agents) were used to identify
3D target volume and to exclude additional intrahepatic
tumors. Additionally, a safety margin of 6 mm was added to
the tumor diameter in all three dimensions. In a single session treatment, a total of 24-26 Gy to the 70% isodose (dose
maximum 34-37 Gy) were administered to the target volume,
using a 6MV compact LINAC mounted on a six-axis robotic
manipulator. In treatment planning, normal tissue constraints suggested by AAPM Task Group 101 [13] for singleand three-fraction SBRT were observed. During treatment,
respiratory tumor motion was actively compensated by
dynamic Synchrony tracking [14]: a correlation model
between a continuous breathing signal from optical markers
(attached to the chest) and internal fiducial positions
(derived from periodic stereoscopic X-ray images) was
established. This information was used by the robotic arm to
actively guide all beams to the current location of the lesion.
All patients were pretreated with ondansetrone on the day
of treatment to prevent nausea due to radiation.
2. Statistics
Statistical analysis was performed using IBM SPSS statistics software (SPSS ver. 23, IBM Corp., Armonk, NY). Duration of local control, progression-free survival (PFS) and OS
were analyzed using Kaplan-Meier estimation and medians
were compared using log-rank test. Time intervals were

Sebastian Stintzing, Efficacy of Cyberknife to Treat Liver Metastases

Table 1. Patient characteristics
Characteristic
Age, median (range, yr)
Female sex
Tumor entities
Colorectal cancer
Gastrointestinal, non-CRC
Breast
Uro-genital
Bronchial
Liver
Others
Systemic pretreatment
Local pretreatment
Toolbox
Thermal ablation (RFA, MW)
SBRT
SIRT
Liver surgery
Follow-up (95% CI, mo)

All
(n=126)

Colorectal
(n=71)

Non-colorectal
(n=55)

65.4 (33-87)
54 (42.9)

67.1 (33-84)
16 (22.5)

63.4 (44-87)
38 (69.1)

71 (56.3)
13 (10.3)
14 (11.1)
15 (11.9)
5 (4.0)
1 (0.8)
8 (6.3)
103 (81.7)
95 (75.4)
33 (26.2)
13 (10.3)
13 (10.3)
7 (5.6)
85 (67.5)
30 (19.3-40.8)

71 (100)
62 (87.3)
53 (74.6)
18 (25.4)
10 (14.1)
6 (8.5)
2 (2.8)
46 (64.8)
34.7 (22.3-47.2)

13 (23.6)
14 (25.5)
15 (27.3)
5 (9.1)
1 (1.8)
8 (14.5)
41 (74.5)
42 (76.4)
15 (27.3)
3 (5.5)
7 (12.7)
5 (9.1)
39 (70.9)
28 (4.9-51.1)

Values are presented as number (%) unless otherwise indicated. CRC, colorectal cancer; RFA, radiofrequency ablation; MW,
microwave ablation; SBRT, stereotactic body radiation treatment; SIRT, selective internal radiation therapy; CI, confidence
interval.

measured from the day of radiation until date of progression
or death. FU period was calculated using inverse OS method.
Local progression was defined as any progression within the
treated liver volume whereas overall progression has been
defined as any progression at any site. Response as best-overall-response was measured for the treated lesions according
to Response Evaluation Criteria in Solid Tumors (RECIST)
ver. 1.0 criteria.
3. Ethical statement
This study was approved by the Institutional Review
Board of the Ethics Committee of the Ludwig-MaximiliansUniversity (LMU) Munich, Germany with a waiver of
informed consent (IRB No. 383-08) and performed in accordance with the principles of the Declaration of Helsinki.

Results
A total of 134 patients with 203 liver lesions were treated
between 2005 and 2015 at the European Cyberknife Center

Munich. Of those eight patients were lost to FU. The total
number of patients analyzed in this study was 126 with a
total of 194 liver lesions that were treated in 145 treatment
sessions. Side effects were minor with two Common Terminology Criteria for Adverse Events (CTCAE)’s grade 3 (gastric ulcers) and two CTCAE’s grade 2 (nausea); one patient
developed a non-symptomatic icterus. The patients with
grade 3 gastric ulcer related to cyberknife treatment were
treated among the first patients. In detail they were as follows. (1) A 72-year-old woman with sarcoma: total dose to
the 70% isodose, 24 Gy; volume of the lesion, 22.3 cc and
Dmax stomach, 22.5 Gy; D 1cc, 18.5Gy. The liver lesion was
located in direct proximity to the small curvature of the stomach. A radiation of parts of the stomach was not avoidable
and (2) a 67-year-old man with colorectal liver metastasis:
total dose to the 70% isodose, 24 Gy; volume of the lesion
14.3 cc and Dmax stomach, 17 Gy in close temporal relation
to 5-FU and oxaliplatin based chemotherapy. Baseline characteristics are given in Table 1. In short, 81.7% of the patients
had any kind of systemic chemotherapy prior to the radiation and 75.4% had any kind of local treatment to the liver,
including liver surgery prior to radiation treatment. Most of
the lesions were CRLM (56.3%) with other gastrointestinal
tumors, breast and urogenital being the second most freVOLUME 51 NUMBER 1 JANUARY 2019
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Table 2. Liver lesions (n=194)
Total
(n=194)
Size by diameter (cm)
<3
3-5
>5
Fractions
Single session
Hypofractioned
No. of treatments
Targets per treatment
1
2
3
4
Volume, median (range, cm3)
Dosage (Gy)
20
22
23
24
25
26
42
45

Colorectal
lesions (n=113)

Non-colorectal
lesions (n=81)

56 (28.9)
115 (59.3)
23 (11.9)

29 (25.7)
66 (58.4)
18 (15.9)

27 (33.3)
49 (60.5)
5 (6.2)

185 (95.4)
9 (4.6)
145 (

105 (92.9)
8 (7.1)
80 (

80 (98.8)
1 (1.2)
65 (

110 (75.9)
31 (21.4)
3 (2.1)
1 (0.7)
21.5 (0.6-166)

59 (73.8)
18 (22.5)
3 (3.8)
25.3 (0.6-166)

51 (78.5)
13 (20.0)
1 (1.5)
18.0 (2.8-126)

4 (2.1)
9 (4.6)
4 (2.1)
75 (38.7)
1 (0.5)
92 (47.4)
1 (0.5)
8 (4.1)

1 (0.9)
3 (2.7)
4 (3.5)
43 (38.1)
0(
54 (47.8)
1 (0.9)
7 (6.2)

3 (3.7)
6 (7.4)
0(
32 (39.5)
1 (1.2)
38 (46.9)
0(
1 (1.2)

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

Table 3. Response evaluation
Best response according to RECIST
Complete response
Partial response
Stable disease
Progressive disease
Overall response rate
Local disease control rate

No. (%) (n=164)
107 (65.2)
22 (13.4)
27 (16.5)
9 (5.5)
129 (78.7)
156 (94.1)

RECIST, Response Evaluation Criteria in Solid Tumors as
best-overall response.

quent primaries.
The majority of the 194 lesions (n=185, 95.4%) were treated
using a single session approach with 20-26 Gy as single dose.
More details are shown in Table 2.
Follow-up time was 30.0 months (95% confidence interval
[CI], 19.3 to 40.8). One hundred sixty-four lesions had a
tumor evaluation according to RECIST (Table 3). In short, the
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overall response rate was excellent reaching 78.2% with only
nine lesions (5.5%) showing progression as best response to
treatment. A total of 93 (74%) of tumors recurred with
11 (9%) within the treated area and 84 (65%) outside the
treated area.
Median OS was 35.2 months (95% CI, 22.1 to 48.3) with a
3- and 5-year survival rate of 47.7% and 32.5%, respectively.
Local median PFS time is 30.7 months (95% CI, 24.2 to 37.2)
and median overall PFS time is 11.9 months (95% CI, 7.3 to
16.4).
Survival times (OS and overall PFS) were comparable for
mCRC and non-mCRC patients reaching 32.5 months and
46.2 months in median OS and 9.1 months and 11.9 months
for overall PFS (Fig. 1A and B). Size of the treated lesion mattered for OS with a significant shorter median OS for lesions
> 5 cm in diameter (log-rank test p=0.032) (Fig. 1C and D).
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Fig. 1. Survival times according to the primary tumor entity (A, B) and the size of the lesion (C, D). mCRC, colorectal cancer;
non-mCRC, lesion not deriving from CRC; OS, overall survival; PFS, progression-free survival; 95% CI, 95% confidence
interval.

Discussion
The use of local treatment for liver lesion is a fast developing field. Local modalities, with the exception of surgery, are
discussed to be equal-effective in the hand of an experienced
therapist. Surgical removal of the tumorous tissue is seen as
the gold-standard and probably due to ethical considerations
no formal comparison to any local ablative treatment modality has been conducted so far. Local ablative modalities are,

when compared to surgery, usually regarded to be less invasive and therefore associated with lower morbidity. The term
“toolbox” for the different local treatment modality has been
introduced [2] to imply that the possibilities are dependent
on the experience and the availability at the respective institution and have comparable outcomes in terms of efficacy.
Radiation therapy has had a limited role in the treatment
of liver metastases because of the low tolerance of liver tissue
to irradiation [15]. A safe radiation treatment of liver metastases should be possible with a technique that delivers a very
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conformal radiation dose to the tumor and a minimal radiation dose to surrounding critical tissues. This has been
achieved with the invention of SBRT in combination with
IMRT.
SBRT using the CyberKnife device enables precise delivery
of high-dose in a single or a few fractions, with tumor ablation and maximal normal-tissue sparing. Due to the high
accuracy using robotic real time tracking techniques even a
single session radiation has become possible [12]. Due to the
difficulties to calculate the effective dose using the linearquadratic model [16] for radiobiological efficacy doses of
2,000-2,600 cGy were used in single session based on empiric
data and a few dose escalation trials [17-20]. Prior phase I/II
studies by Herfarth et al. [17,18] investigated single session
radiation and have shown higher efficacy with doses from
2,200-2,600 cGy when compared to doses from 1,400-2,200
cGy without a higher incidence of adverse events. The low
adverse event rate in our analysis validates this finding. Both,
the local control rate of 95.4% and the overall response rate
of 78.2% proof the concept of ablative single session radiation
as a high efficacious low morbidity method to treat liver
lesion in curative intent.
The OS in the current study is with a median of 35 months
and a 5-year survival rate of 32.5% within the findings for
surgical resection which is reported to be between 28% and
58% for CRLM [3,21,22]. A single institution analysis showed
a 5-year survival rate of 38%-39% for previously untreated
CRLM translating into a median OS of 47-48 months [23,24].
The longer OS in the previously untreated group possibly
reflects the shorter time between diagnosis and surgery in
this favorable cohort of patients when compared to our study
of multi-modal pretreated patients. The association of the
interval of diagnosis and surgery of CRLM and OS has also
been demonstrated in a lager retrospective analysis of more
than 600 patients [25]. In the current analysis, heavily pretreated patient underwent SBRT which most likely represents a negative selection with regard to OS. A prospective
randomized trial of SBRT vs surgery for patients with limited
liver metastases would be highly desirable.
The overall recurrence rate of 74% is within the previously
published data for surgery [24] and demonstrates the curative effect achieved by single-session SBRT using the

CyberKnife system. As it is the case for surgically removed
metastases, most of the recurrence (88%, 82/93) happened
outside the treated volume [24]. PFS and OS are therefore
dependent for the most on recurrent disease outside the
treated region. Notably, one fourth of the treated patients did
not show recurrent disease at any site, proving the potential
curative value of SBRT.
Similar to thermal ablative techniques [26,27], which may
be the biggest competitor to SBRT as a local treatment option;
OS after CyberKnife treatment is dependent on the size of
the treated lesions. The lower OS rate of patients with lesions
> 5 cm in diameter suggests less efficacy of CyberKnife in
larger lesion when treated with single session SBRT. For
RFA, the maximal diameter of the treated lesion should not
exceed 3 cm in diameter. Therefore, there may be an advantage for SBRT in lesion of 3-5 cm in diameter. This is also
reflected by the finding that most (71.1%) of the treated lesion
in our cohort were larger than 3 cm in diameter. The maximum diameter of liver lesions to be treated by SBRT seems
to be 5 cm as Goodman et al. [20] have also reported the feasibility of single fraction SBRT for lesions up to 5 cm. Furthermore, tissue cooling by vessel flow has been described
to reduce the extent of thermally (RFA and MW) induced
coagulation [28] and again would favor SBRT over thermal
ablative techniques.
This is the largest cohort of SBRT treated liver lesions using
the CyberKnife device with a long-term follow-up. The current analysis validates the previously published data of an
excellent local control reached by this technique with only
minor side effects. OS and PFS are for the most associated
with distant recurrence of the underlying disease. This is in
line with surgery or other local treatment modalities emphasizing the importance of systemic treatment in addition to
local ablative modalities for the majority of the patients.
Robotic radiosurgery using a single session approach has a
high efficacy to control the radiated lesion with the potential
to cure patients.
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Purpose
Our aim was to detect the potential role of interleukin 11 (IL-11) in the development of
chemo-resistance in gastric cancer and to reveal the mechanism involved in the process.
Materials and Methods
Here, we used flow cytometry to examine the percentage of cancer-associated-fibroblasts
in tumor samples from chemo-resistant and -sensitive gastric cancer patients. Using MTT
assay, we detected the cell viability under different conditions. Using quantitative real-time
polymerase chain reaction and Western blotting, we determined the target expressions in
mRNA and protein levels. We also performed immunohistochemistry and immunofluorescence to detect the target proteins under different conditions. Animal models were constructed to verify the potential role of IL-11 in chemo-resistant develop in vivo.
Results
Herein, we observed enriched cancer associated fibroblasts in drug resistant tumor tissues
from gastric patients. Those fibroblasts facilitate the chemotherapeutic drugs resistance
development through the secretion of IL-11, which activates the IL-11/IL-11R/gp130/
JAK/STAT3 anti-apoptosis signaling pathway in gastric cancer cells. We found that the combination of chemotherapeutic drugs and JAK inhibitor overcomes the resistance and
increases the survival of mice with gastric cancer xenografts.
Conclusion
Our results demonstrated that IL-11 contributed to the obtain of resistance to chemotherapy
drugs through gp130/JAK/STAT3/Bcl2 pathway, and targeting the IL-11 signaling pathway
induced by fibroblasts might be a promising strategy to overcome the multi-drugs resistant
cancer in clinic.

Introduction
As the fifth most frequently diagnosed cancer worldwide,
gastric cancer has become one of the major health problems
worldwide. Though the development of medicine and technology has helped to improve the clinical efficacy of gastric
cancer, it still ranks as the fifth cancer-related deaths in China
[1]. Chemotherapy has achieved some clinical efficacy for
gastric cancer treatment; however, some patients still showed
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no response after standard chemotherapy. One of the common reported reasons of failed chemotherapy in clinic is the
development of drug resistance [2]. Unfortunately, the
underlying mechanism of multi-drugs resistance development in gastric cancer is still unclear and innovative strategies are urgent to overcome the drug resistance in clinic.
Apart from sole cancer cells, tumors are also composed by
other components such as endothelial cells, fibroblasts, and
infiltrating immune cells, termed as tumor microenvironment. Recently, the tumor microenvironment has attracted
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increasing attention owing to its role in providing circumstance for cancer progression and metastasis [3]. Cancerassociated-fibroblasts (CAFs), a sub-population in tumor
microenvironment, participate in various tumor progressions, including tumor sustained growth, enhanced cancer
metastasis and so on [4]. Recent evidences suggest that the
chemo-kines, cytokines and growth factors secreted by CAFs
are key players to promote tumor progressions and facilitate
the drug resistance development [5]. Notably, interleukin
(IL)-6 cytokine family has been reported to be involved in
cancer invasion and proliferation [6]. Interestingly, IL-11, as
the member of IL-6 family, has been revealed to accumulate
in solid tumors and worked as a key player in cancer progression and drug resistance, which could be secreted by
CAFs in tumor sites [7-9]. Recent reports have also shown
that IL-11 could influence tumor progressions for prolonging
stem cells survival, decreasing apoptosis and promoting cell
invasion in solid tumors [9,10]. It is remarkable that signal
transducer and activator of transcription (STAT) family proteins, especially STAT3, selectively induce and maintain a
procarcinogenic inflammatory microenvironment in the
progress of cancer initiation and cancer progression [11].
And Zheng et al. [11] evidenced that IL-11 activated the
JAK/STAT3 pathway once binding to IL-11R and gp130
activation. Given the central involvement of CAFs in cancer
metastasis, there is considerable interest in its role in the
development of drug resistance in gastric cancer.
The purpose of this study was to investigate the role of
CAFs in gastric cancer acquiring chemo-resistance in vitro
and in vivo. For this purpose, we obtained CAFs from surgical gastric cancer specimen resections and further used samples to test their influence on gastric cancer cells. Here, we
observed accumulated expression of CAFs in the gastric
tumor samples from chemo-resistant patients. And we convinced the role of CAFs in promoting gastric cancer cells to
acquire drug resistance both in vitro and in vivo. Further, our
data defined that IL-11 secreted by CAFs is the main player
and the molecular basis to acquire drug resistance through
JAK/STAT3/Bcl2 pathway. In addition, we demonstrated
that the application of chemotherapeutic agents combined
with JAK signaling inhibitor could efficiently reverse the
drug resistance and it might be a potential strategy in gastric
cancer treatment.

Table 1. The characteristic of gastric cancer patients
No. (%) (n=30)
Age (yr)
 60
< 60
Sex
Female
Male
Histological grade
Well
Poor
Clinical stage
I
II
III
Chemotherapy response
Resistance
Sensitive

18 (60)
12 (40)
10 (33)
20 (67)
19 (63)
11 (37)
5 (17)
9 (30)
16 (53)
15 (50)
15 (50)

Materials and Methods
1. Cell lines and animals
SGC7901 human gastric cancer cell line, BGC823 human
gastric cancer cell line and BJ cells human normal fibroblast
cell line were purchased from American Type Culture Collection (ATCC, Manassas, VA). All cell lines were maintained
with 1640 complete medium (Gibco, Grand Island, NY) supplemented with 10% fetal calf serum (Gibco), at 37°C with
5% CO2 atmosphere. Female nude mice (6-8 weeks) were
purchased from Beijing HFK Bioscience (Beijing, China) and
fed in SPF experimental animal rooms.
2. Primary culture of CAFs and gastric cancer patients’ samples
Primary CAFs were prepared by the outgrowth methods
[12]. Primary gastric cancer tumor and adjacent normal samples were sterilely obtained after the surgery at the Zhejiang
Provincial People’s Hospital (Table 1). Samples were sent to
the laboratory within 2 hours. According to the clinical data,
samples were divided into chemo-sensitive and chemoresistant groups. The samples were minced and cultured
with F12 culture medium (HyClone, Los Angeles, CA) containing type II and IV collagenase (Sigma, San Francisco, CA)
to digest at 37°C, 5% CO2 incubator for 2 hours, followed by
filtration (BD Biosciences, Franklin Lakes, NJ). Then the cell
precipitation was collected and seeded into 6-well plate in
2 mL F12 medium supplemented with 10% fetal bovine
VOLUME 51 NUMBER 1 JANUARY 2019
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serum for 4 hours at 37°C. Next, the medium was replaced
with fresh medium to remove the un-adherent cells and the
remaining cells were collected. After 2-4 passages, we sorted
the CD90 positive cells [13] with BD FACSAria III to collect
fibroblasts and cultured for further study.
To obtain the cultured medium of CAFs (CAFs-CM), 2105
separated CAFs were seeded in the plates and cultured
under conditioned circumstances. Twenty-four hours later,
the medium was replaced by serum-free medium. Two days
later, the supernatants were obtained and stored at –80°C for
further use.

CAACAUGCCUGC; and siRNA#2, GCAGGCAUGUUGACUUCAC) and siRNA targeted human BCL-2 (siRNA#1,
GCAGCAGCTGAACAACAT and siRNA#2, AATTAAAAAAGCAGCA) and control siRNA were purchased from
RiboBio (Guanghzou, China). siRNA (50 µM) was transfected
to gastric cancer cells with lipofectamine RNAiMax (Invitrogen, Carlsbad, CA) as guidance. Lentivirus vector with
shRNA targeting IL-11 receptor (5'-GGACCATACCAAAGGAGAT-3') and negative control were purchased from
Genechem Company (Shanghai, China).
5. Flow cytometry

3. Cell viability analysis
For the detection of CAF effect on chemotherapeutic drugs
on BGC923 and SGC7901, we co-cultured CAFs (105) and
cancer cells (5104) for 24 hours, and we removed CAFs by
labeling CD90. Then BGC923 and SGC7901 were seeded, followed by adding drugs as following: cisplatin (DDP; 2, 4, 6,
8, 10, 12, and 16 µg/mL; Sigma), doxorubicin (1, 5, 25, 50, 200,
500, and 800 µM; Sigma) or etoposide (0.01, 0.1, 1, 2, 20, 200,
and 500 µM; Sigma) for 48 hours.
To examine the role of CAFs-CM (collected after 105 CAFs
culture for 24 hours) or rhIL-11 on cancer cells resistance to
chemotherapy, we pre-treated the cancer cells with CAFsCM or rhIL-11 (2.5, 5, 10, 20, and 50 ng/mL) for 24 hours,
then employed 10 µg/mL DDP, 200 µM Etoposide and 20 µM
doxorubicin for BGC823 cells and 8 µg/mL DDP, 200 µM
Etoposide and 200 µM doxorubicin for SGC7901 cells at the
presence or absence of IL-11 neutralizing antibody (25
µg/mL) or ruxolitinib (5 µM) for 48 hours. The apoptosis of
cancer cells from tumor tissues were detect by the Annexin
V and propidum iodide (PI) apoptosis detection kit (BD Biosciences) as guided.
Under some experiments, we used STAT3, IL-11R or Bcl2
knockdown BGC823 or SGC7901 cells to examine the effect
of IL-11 on cell viability when treated with chemotherapeutic
agents.
All cell viability experiments were determined by MTT
assay. Briefly, cells were seeded into 96-well culture plates
at the density of 3,000 per well. Twelve hours later, cells were
treated at the determined conditions. Cell growth was measured after addition of 10 µL MTT solution (0.5 mg/mL,
Solarbio, Beijing, China). After 4 hours incubation at 37°C,
the medium was replaced with 100 µL dimethylsulfoxide
and vortexed for 10 minutes. Absorbance was measured at
570 nm by a microplate reader (Bio-Rad, Hercules, CA). Each
experiment was performed for at least three times.
4. RNA interference
siRNA targeted human STAT3 (siRNA#1, GUGAAGU-
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To examine the percentage of CAFs in gastric cancer
patients tissues, cells were incubated with CD90 (eBioscience,
San Diego, CA) for 20 minutes at room temperature, after
washed twice and then re-suspended in phosphate buffered
saline (PBS). Flow cytometry was performed on the BD
Canto II (BD Biosciences). 7-AAD was used to exclude the
dead cells. IgG (eBioscience) was used as the negative control.
To detect the effect of IL-11 on apoptosis of cancer cells
when treated with chemotherapeutic agents, SGC7901 cells
(1106 per mouse) were subcutaneous injected into the nude
mice. When the tumor volume reached 5 mm5 mm, doxorubicin (5 mg/kg) monotherapy or combined with CAFsCM, rhIL-11 (2.5 µg/kg), in the presence or absence of IL-11
neutralizing antibody (25 µg/mL) were used to treated the
mice by tail intravenous injection every 2 days. PBS was used
as control group. Mice were treated for 2 weeks. Then the
mice were sacrificed to obtain the tumor tissues. After mincing and digesting the tumor tissues, the tissue suspension
was filtered and washed by PBS, followed by staining with
CD45 (eBioscience), Annexin V (eBioscience), and PI (eBioscience). Then flow cytometry was used to examine the apoptosis rate.
6. Real-time polymerase chain reaction
Two-microgram cDNA was performed as a template for
the real-time polymerase chain reaction (PCR) analysis, with
a SYBR Green Mix (Thermo Fisher, Waltham, MA) and Agilent Technologies Stratagene Mx3500P real-time PCR system.
The Ct method was used for the relative quantification
with actin as a reference. The primers used are listed as follows: human IL-11 forward primer 5-CGAGCGGACCTACTGTCCTA-3 and reverse primer 5-GCCCAGTCAAGTGTCAGGTG-3; human SDF-1 forward primer 5-ATTCTCAACACTCCAAACTGTGC-3 and reverse primer 5-ACTTTAGCTTCGGGTCAATGC-3; human HGF forward primer
5-GCTATCGGGGTAAAGACCTACA-3 and reverse primer 5-CGTAGCGTACCTCTGGATTGC-3; human VEGF
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forward primer 5-AGGGCAGAATCATCACGAAGT-3 and
reverse primer 5-AGGGTCTCGATTGGATGGCA-3; human
FGF forward primer 5-TGGCTATTTGGTGGGGATCAA-3
and reverse primer 5-GAAGAGGGCACTTCTCACTCC-3;
human PDGF forward primer 5-GCAAGACCAGGACGGTCATTT-3 and reverse primer 5-GGCACTTGACACTGCTCGT-3; human IL-11R forward primer 5’-CTGGGCTAGGGCATGAACTG-3’ and reverse primer 5-CTGGGACTCCAAGTGCAAGA-3; human SDF-1R forward primer 5-ACTACACCGAGGAAATGGGCT-3 and reverse primer 5-CCCACAATGCCAGTTAAGAAGA-3; human VEFGR forward
primer 5-AGGGCAGAATCATCACGAAGT-3 and reverse
primer 5-AGGGTCTCGATTGGATGGCA-3; human HGFR
forward primer 5-AGCAATGGGGAGTGTAAAGAGG-3
and reverse primer 5-CCCAGTCTTGTACTCAGCAAC-3;
human PDGFR forward primer 5-TGGCAGTACCCCATGTCTGAA-3 and reverse primer 5-CCAAGACCGTCACAAAAAGGC-3; human FGFR forward primer 5-ACTACACCGAGGAAATGGGCT-3 and reverse primer 5’-CCCACAATGCCAGTTAAGAAGA-3; human GAPDH forward
primer 5'-GGAGCGAGATCCCTCCAAAAT-3', reverse primer 5'-GGCTGTTGTCATACTTCTCATGG-3'. The expressions of IL-1 F9 (Hs00219742_m1) and IL-1 F9R (Hs00213600_m1) were detected by using TaqMan primer sets (Applied
Biosystems, Foster City, CA) [14].
7. Enzyme-linked immunosorbent assay
Cancer associated fibroblasts or BJ cells were seeded at the
density of 5105 cells per well. Forty-eight hours later, the
cells were washed twice with PBS and incubated with 2 mL
serum-free Dulbecco's modified Eagle's medium for 24
hours. Then the supernatants were collected and stored
at –80°C for further use. The levels of IL-11 in the CM were
examined by using enzyme-linked immunosorbent assay
kits (R&D Systems Inc., Minneapolis, MN), according to the
manufacturer’s recommended protocol. Each experiment
was performed in triplicate.
8. Western blotting
Whole cell lysates were prepared from BGC823 or SGC7901 cells treated as previous designed and separated by
sodium dodecyl sulfate polyacrylamide gel electrophoresis
at 100 V for 1 hour. Next, the separated proteins were transferred to NC membranes (Millipore, Billerica, MA). The samples were blocked with 5% bovine serum albumin (BSA) in
TBS containing 0.1% Tween-20 for 1 hour at room temperature and incubated overnight at 4°C with one of the following antibodies: JAK (1:200, Abcam, Cambridge, UK), phospho
JAK (Ser473) (1:200, Abcam), STAT3 (1:300, Abcam), phospho
STAT3 (Tyr705) (1:300, Abcam), BCL-2 (1:200, Abcam),

GP130 (1:300, Abcam) and actin (1:500, Abcam). The samples
were washed with TBST and incubated with HRP-conjugated secondary antibodies for 1 hour at room temperature.
Proteins were visualized by ECL western blotting reagent
(Thermo Fisher).
9. Immunofluorescence staining
Tumor tissues were kept in 4% paraformaldehyde overnight, then processed, embedded in paraffin, and sectioned
at 4 µm for further study. To detect the expression of JAK
and STAT3 in gastric cancer tissues, antigen retrieval was
done using citric acid and sodium citrate in a Microwave
oven (Media, Guangdong, China). Then the sections or gastric cancer cells (fixed with 4% paraformaldehyde and permeabilized with 0.3% Triton X-100) were blocked with 5%
BSA in PBS and incubated with p-JAK (1:200, Abcam) or
p-STAT3 (1:500, Abcam) at 4°C overnight, followed by secondary antibodies (Thermo Fisher) for 1 hour at room temperature. Nuclei were stained with the DAPI solution (1
µg/mL). Confocal microscope (Olympus, Tokyo, Japan) was
used to visualize the sections.
10. Immunohistochemistry
The sections of tumors were incubated with IL-11 (1:500,
Abcam), IL-11 receptor (1:500, Abcam) or -smooth muscle
actin (-SMA; 1:500, Abcam) at 4°C overnight, followed by
signal amplification using an ABC HRP Kit (Thermo Fisher)
and counter-staining with hematoxylin, dehydration with
series of graded ethanol and cleaned with xylene. Microscope (Leica, Oskar-Barnack, Germany) was used to visualize the sections.
11. TUNEL detection assay
To test cell death and proliferation in patients’ samples, the
sections of tumors were incubated with the mixture of terminal deoxynucleotidyl transferase, nucleotide, and reaction
buffer as indicated by TUNEL Cell Death Detection Kit
(Roche, Basel, Switzerland). Apoptosis percentage was calculated by percent of tumor cells with positive staining.
12. Animal protocols
To evaluate the anticancer effects of ruxolitinib combined
with chemotherapeutic agents, SGC7901 cells (1106 per
mouse) were subcutaneous injected into the nude mice.
When the tumor volume reached 5 mm5 mm, PBS, ruxolitinib (10 mg/kg), DDP (5 mg/kg), doxorubicin (5 mg/kg),
etoposide (10 mg/kg), and ruxolitinib (10 mg/kg) combined
with doxorubicin (5 mg/kg), DDP (5 mg/kg), etoposide (10
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Fig. 1. Enriched cancer-associated-fibroblasts (CAFs) enhanced the resistance of gastric cancer cells to chemotherapy. Accumulated CAFs in the chemotherapy-resistant gastric tumor sites and facilitate the resistance to chemotherapy drugs in gastric
cancer cells. (A) The percentage of the cancer-associated fibroblasts in samples from chemo-sensitive (CS) and chemo-resistance (CR) gastric cancer patients was detected by flow cytometry. (B) The expression of the cancer-associated fibroblasts in
samples from CS and CR gastric cancer patients was detected by immunohistochemistry. (C-H) The cell viability of
SGC7901was detected after treated by different concentration of DDP (C), doxorubicin (D), and etoposide (E) pre-co-cultured
with or without CAFs by using MTT assay. The cell viability of BGC823 was detected after treated by different concentration
of DDP (F), doxorubicin (G), and etoposide (H) pre-co-cultured with or without CAFs by using MTT assay. The data was
presented as mean±standard error of mean from three independent experiments. ***p < 0.001.
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mg/kg) were used to treated the mice by tail intravenous
injection every 2 days. Mice were treated for 3 weeks. To
establish drug resistant animal models, SGC7901 cells (1106
per mouse) were subcutaneous injected into the nude mice.
When the tumor volume reached 5 mm5 mm, 50 ng IL-11
was injected into the mice by intratumor injection. After 4
days, PBS, ruxolitinib (10 mg/kg), DPP (5 mg/kg), doxorubicin (5 mg/kg), etoposide (10 mg/kg), and ruxolitinib (10
mg/kg) combined with doxorubicin (5 mg/kg), DPP (5
mg/kg), etoposide (10 mg/kg) were used to treated the mice
by tail intravenous injection every 2 days. Mice were treated
for 3 weeks. Tumor growth was recorded with the length (L)
and width (W) of tumors by vernier calipers, and the tumor
volume (V) was calculated by the formula V=(LW2)/2. The
data was monitored every 2 days and the survival of tumor
bearing-mice was observed every day.
13. Statistical analysis
Results were presented as mean±standard error of mean
and statistical significance was examined by an unpaired Student’s t test by the Graphpad 6.0 software (San Diego, CA).
Survival analysis was performed by Kaplan-Meier method
and evaluated using the log-rank test. p-value of < 0.05 was
considered as statistically significant.
14. Ethical statement
All studies were approved by the animal care and used
committee of laboratory animal monitoring of People’s Hospital of Hangzhou Medical College. All the animal experiments were approved by the IACUC in People’s Hospital of
Hangzhou Medical College.

Results
1. Enriched CAFs enhanced the resistance of gastric cancer
cells to chemotherapy
The tumor stroma consists of various elements including
CAFs, macrophages, lymphocytes and extracellular matrix,
which are involved in the tumor initiation, metastasis,
acquiring drug resistance and so forth [15,16]. Among these,
CAFs is reported as an important component to mediate
drug resistance [17,18]. To assess the expression landscape
of CAFs in gastric cancer, we isolated fibroblasts from clinical
gastric cancer patients’ samples resistant or sensitive to
chemotherapy, and the CAFs are labeled as CD90+ by flow
cytometry. We found that the percentage of CAFs in samples

from chemo-resistant tissues was significantly higher compared with samples from chemo-sensitive tissues (Fig. 1A).
The higher expression of CAFs in chemo-resistant tissues
was also verified using -SMA (Fig. 1B). These data indicated
that the enriched CAFs may be involved in the process of
gastric cancer cells chemo-resistance development. Herein,
we isolated the CAFs from the tumor tissues and treated gastric cancer cell lines, BGC823 and SGC7901, with clinical
chemotherapeutic agents (doxorubicin, DDP, and etoposide)
after co-culture with or without those CAFs. We observed
that the gastric cancer cells were more resistant to chemotherapeutic drugs in the CAFs co-culture conditions compared
to monoculture (Fig. 1C-H). These data suggested that CAFs
in gastric tumor sites result in the cancer cells drugs resistance development.
2. CAFs regulated chemo-resistance via the secretion of
IL-11
Current thinking suggests that CAFs are capable of remodeling the surrounding cells through secreting soluble factors
[5,19]. In line with this concept, we added the conditioned
medium from CAFs to the gastric cancer cells followed by
chemotherapeutic drugs treatment respectively. And we
observed enhanced drug resistance in BGC823 cells treated
with the CAFs-CM compared with control monoculture
(Fig. 2A). Similar results were obtained when tested with
SGC7901 (Fig. 2B), indicating that CAFs mediated chemoresistance of gastric cancer cells through soluble factors. To
further investigate the exact cytokines of CAFs-induced
resistance, we screened the expressions of major cytokines
(IL-11, stromal cell-derived factor-1, hepatocyte growth factor, fibroblast growth factor, platelet-derived growth factor,
vascular endothelial growth factor, and IL-1 F9) by CAFs and
normal fibroblasts. And we observed that the expression of
IL-11 was significantly higher in CAFs than that from normal
samples (nearly 90-fold), while no significant different expression of the other cytokines was observed (Fig. 2C and D).
Correspondingly, the IL-11 receptor had higher expression
in SGC7901 cells co-cultured with CAFs-CM compared with
monoculture (Fig. 2E). Based on these data, we hypothesized
that IL-11 may work as a key player to mediate drug resistance in gastric cancer cells. So, we applied gradient recombinant human IL-11 to pre-treat BGC823 and SGC7901 cells
followed by chemo-therapeutic drugs treatment. We found
that rhIL-11 significantly enhanced the drug resistance in a
dose dependent manner (S1A and S1B Fig.). To further verify
this, we treated BGC823 cells with CAFs-CM or recombinant
human IL-11 in the presence or absence of IL-11 neutralizing
antibody. In line with our hypothesis, BGC823 cells treated
with IL-11 or CAFs-CM showed enhanced drug resistance
while the addition of IL-11 neutralizing antibody in CAFsVOLUME 51 NUMBER 1 JANUARY 2019
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next page)

CM reversed the acquired drug resistance in gastric cancer
cells (Fig. 2F). And testing SGC7901 cells achieved parallel
results (Fig. 2G). While knocking down IL-11 receptor
reversed the drug resistance (S1C and S1D Fig.). To further
demonstrate the acquired drug resistance of gastric cancer
cells induced by the IL-11, we injected CAFs-CM, recombinant human IL-11, CAFs-CM combined with IL-11 neutralizing antibody into the gastric tumor-bearing mice. Then we
treated the mice with doxorubicin by tail vein injection.

200

CANCER RESEARCH AND TREATMENT

Interestingly, we observed that co-injecting with CAFs-CM
or rhIL-11 remarkably suppressed the doxorubicin efficacy
to inhibit tumor volume, while addition of IL-11 neutralizing
antibody in CAFs-CM reversed the drug resistance (Fig. 2H).
In consistent, combining doxorubicin with IL-11 neutralizing
antibody prolonged the survival time of mice (Fig. 2I), which
is in line with our results in vitro. Together, these data suggested that IL-11 secreted by CAFs is involved in the gastric
cancer cells to acquire chemo-resistance. Moreover, we
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observed enhanced IL-11 and IL-11 receptor expression in
tumor tissues from chemo-resistant gastric patients compared to the samples from chemo-sensitive gastric patients
(Fig. 2J and S1E Fig.). And the expression of IL-11 and IL-11R
expression has no influence to the cell survival or apoptosis
in tumor tissues (S1F and S1G Fig.). Above data reminded
us that accumulated CAFs participate in the drug resistance
of gastric cancer cells through the secretion of IL-11.
3. IL-11/IL-11R signaling pathway induced the chemoresistance through JAK/STAT3 pathway
In tumor microenvironment, cytokines are often characterized as functional redundancy and tissue-specific activities
[20,21]. Current studies have shown that over-activated
IL-11 contributed to the activation of the gp130 through binding to its receptor in solid tumors [6,11], which afterwards
activated JAK/STAT3 pathway that was involved in regulating angiogenesis, metastasis, resistance to apoptosis, cell
proliferation, and immune evasion [22]. Herein, we supposed that IL-11 might participate in the drug resistance
development through the activation of JAK/STAT3 pathways. So we detected the p-JAK and p-STAT3 expression in
BGC823 and SGC7901 cells treated with CAFs-CM, rhIL-11,
and CAFs-CM combined with IL-11 neutralizing antibody.
Increased expression of p-JAK and p-STAT3 was observed
in cells treated with CAFs-CM or rhIL-11 while the addition
of IL-11 neutralizing antibody in CAFs-CM reversed the phe-

204

CANCER RESEARCH AND TREATMENT

nomenon in both BGC823 and SGC7901 cells (Fig. 3A and B),
indicating that IL-11 might activate the JAK/STAT3 pathway
in gastric cancer cells. To further expound the signaling pathway induced by IL-11, we detect the expression of GP130,
JAK, and STAT3 by western blotting and found the activation of GP130/JAK/STAT3 signaling pathway under the
condition of CAFs-CM or rhIL-11 treatment, while adding
IL-11 neutralizing antibody reversed the phenomenon in
both BGC823 and SGC7901 cells (Fig. 3C and D).
As phosphoraltion of JAK/STAT3 reflects the active form,
these data suggested that JAK/STAT3 signaling may be a
key player in the IL-11 induced drug resistance. In support
of this idea, JAK inhibitor (ruxolitinib) or shSTAT3 was used
to detect the acquired drug resistance maintain induced by
the IL-11. And we found that the inhibition of JAK or knockdown of STAT3 reversed the drug resistance induced by
IL-11 co-culture in both BGC823 and SGC7901 cells when
treated with DDP, doxorubicin, and etoposide (Fig. 3E-H).
Collectively, these results reminded us that the JAK/STAT3
signaling pathway activation may work as an important
player in IL-11/IL-11R axis induced drug resistance in gastric
cancer cells.
4. IL-11 triggers the JAK/STAT3 pathway to elevate Bcl2
expression
A diverse range of molecular mechanisms have been
implicated in drug resistance, including cancer cells dor-
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mancy, genes damage repair, overexpression of multi-drugs
resistant proteins and so on. Anti-apoptotic family members
have also been identified as a central regulator in cancer drug
resistance development [23,24]. Among anti-apoptosis proteins family, Bcl2 plays an important role in cell anti-apoptosis activities and is overexpressed in various malignant
tumors. To determine whether Bcl2 participate in the drugs
resistance development in gastric cancer cells induced by
IL-11, we treated BGC823 and SGC7901 cells with CAFs-CM

or rhIL-11 and we found the expression of Bcl2 was significantly higher in the presence of CAF-CM and rhIL-11 in both
mRNA and protein levels. And addition of IL-11 neutralizing
antibody in CAFs-CM results in the down-regulation of Bcl2
respectively (Fig. 4A and B), suggesting that Bcl2 may be
involved in the drug resistance induced by IL-11 in gastric
cancer. For this, we used the siRNA to knocked down the
expression of Bcl2 and detect the drug resistance in gastric
cancer cells treated with CAFs-CM or rhIL-11. CAFs-CM or
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ruxolitinib, or doxorubicin combing ruxolitinib (right). (E) The mean tumor volume of NOD-SCID mice bearing SGC7901
cells injected with rhIL-11 (2.5 µg/kg) and then treated with PBS, etoposide, ruxolitinib, or etoposide combing ruxolitinib
(left); the long-term survival of NOD-SCID mice bearing SGC7901 cells injected with rhIL-11 and then treated with PBS,
etoposide, ruxolitinib, or etoposide combing ruxolitinib (right). (F) The mean tumor volume of NOD-SCID mice bearing
SGC7901 cells injected with rhIL-11 (2.5 µg/kg) and then treated with PBS, DDP, ruxolitinib, or DDP combing ruxolitinib
(left); the long-term survival of NOD-SCID mice bearing SGC7901 cells injected with rhIL-11 and then treated with PBS,
DDP, ruxolitinib, or DDP combing ruxolitinib (right). (Continued to the next page)
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Fig. 5. (Continued from the previous page) (G) The schematic
diagram of drug resistance development induced by
IL-11 in gastric cancer cells. The data was presented as the
mean±standard error of mean from three independent
experiments. **p < 0.01, ***p < 0.001.

rhIL-11 pre-treatment significantly enhanced the resistance
of BGC823 and SGC7901 cells to DDP, doxorubicin and
etoposide, while silencing Bcl2 effectively reversed the drug
resistance (Fig. 4C and D). Together, these data suggested
that Bcl2 may work as the downstream of IL-11/JAK/STAT3
pathway to participate in the process of acquiring drug
resistance in gastric cancer.
5. Blockade of IL-11/IL-11R signal relieves chemotherapy
drug resistance in gastric cancer
Next, we investigated the effect of IL-11 on JAK/STAT3/
Bcl2 pathway induced drug resistance in vivo. Here, we generated the mice models bearing SGC7901 cells model and
treated with doxorubicin, ruxolitinib (JAK inhibitor) or the
combination. We found that doxorubicin or ruxolitinib alone
could slightly inhibit the tumor growth, while the combina-
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tion remarkably slowed the tumor growth (Fig. 5A, left). In
consistent, combining doxorubicin with ruxolitinib significantly prolonged survival time compared to control group,
while monotherapy had slight effect (Fig. 5A, right). Similarly, we found that DDP/etoposide or ruxolitinib alone
could slightly inhibit the tumor growth, while the combination remarkably slowed the tumor growth (Fig. 5B and C,
left). In consistent, combining DDP/etoposide with ruxolitinib significantly prolonged survival time compared to control group, while monotherapy had slight effect (Fig. 5B and
C, right). These results suggested that blocking IL-11/JAK/
STAT3 pathway may be helpful to enhance the chemotherapeutic effect for gastric cancer.
Further, we generated the xenograft mouse bearing
SGC7901 cells model. Then IL-11 was injected into the mice
by intratumor injection. After four days, mice were treated
with doxorubicin, ruxolitinib, or the combination. The IL-11
treated mice showed significantly resistant to the doxorubicin, while combining doxorubicin with ruxolitinib successfully slowed the tumor growth (Fig. 5D, left). In consistent,
combining doxorubicin with ruxolitinib significantly prolonged survival time, while monotherapy had limited effect
compared to control group (Fig. 5D, right). Similar results
were achieved when treated NOD-SCID mice bearing SGC7901 cells model with DDP and Etoposide combined with or
without ruxolitinib (Fig. 5E and F). These data suggested the
potential therapeutic value of ruxolitinib combining with
chemotherapy drugs in gastric cancer treatment.

Discussion
In our study, we found a subpopulation of CAFs existing
in gastric cancer tissues, which play a crucial role in development of multi-drug resistance of gastric cancer. It has been
reported that CAFs could participate in various tumor
progress, including cancer stemness maintain, cancer metastasis, activation of pro-survival signaling pathway, and so on
[25]. Here, we showed that CAFs facilitate the resistance of
gastric cancer to multiple chemotherapeutic agents via
secreting IL-11 and activation of IL-11/JAK/STAT3/Bcl2 signaling pathway. The IL-11 produced by CAFs activates the
JAK signaling by binding to the membrane receptor IL-11R,
leading to the GP130 expression. The activated GP130 triggered the phosphorylation of JAK, which then resulted in the
activation of transcription factor STAT3. Then the phosphorylated STAT3 up-regulated the anti-apoptosis factor Bcl2
expression, resulting in the drug resistance development in
gastric cancer (Fig. 5G).
A series of crucial factors are believed to be associated with
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the development of multi-drugs resistance in cancer, such as
up-regulation of ABC transporters, DNA damages repair,
rebalance of anti-apoptosis or pro-apoptosis regulators and
various constituents in tumor microenvironment [26]. It has
been demonstrated that the microenvironment could orchestrate the tumor progress by recruitment of inflammatory cells
and secretion of pro-survival cytokines, leading to the promotion of tumor growth and drug resistance development
[27]. However, traditional cancer therapy focuses on the
inhibition of tumor cell proliferation but ignoring the tumor
microenvironment elements [28]. Previous studies had
attempts to reverse the drug resistance in cancer treatments,
including the application of chemo-sensitizers [29], combination of several chemotherapeutic agents and so on [30],
which was demonstrated to be capable of reversing the drug
resistance and suppressing the tumor growth in early stage.
However, recent studies indicated that the tumor microenvironment could induce the drug resistance in tumor tissues
and the cancer cells could reacquire the drug resistance
under appropriate microenvironment [31]. Herein, innovative strategy to target the tumor microenvironment is an
urgent demand for the clinic cancer treatment.
CAFs, an important element in tumor microenvironment,
have been demonstrated to secret various cytokines to participate in the tumor growth and metastasis [32]. However,
the mechanisms of the CAFs induced tumor progressions are
still remained to be unclear. Our studies firstly demonstrated
that CAFs could facilitate the gastric cancer drug resistance
development through the secretion of IL-11. A recent study
showed that activation phosphoinositide 3-kinase signal is
associated with the IL-11 induced the tumor growth enhancement [33]. And recent studies proved that IL-11 also serves

as tumor-promoting cytokines in colon cancer through the
activation of GP130 receptor [34]. Here, we revealed that the
Bcl2 up-regulation in gastric cancer results in the drug resistance, which is induced by the activation of JAK/STAT3 signaling pathway. Furthermore, Ruxolitinib, a JAK signaling
inhibitor, could serve as a potential agent to block the IL-11/
IL-11R paracrine pathway induced by CAFs and be combined with multiple chemotherapeutic agents to effectively
reverse the drug resistance and inhibit gastric cancer progression.
In conclusion, our results described a novel role of CAFs
and IL-11 in drug resistance of gastric cancer. Our findings
validated that CAFs could regulate the drug resistance in a
paracrine manner through IL-11/JAK/STAT3/BCL2 signaling pathway. And the combination of IL-11R inhibitor and
chemotherapeutic agents might be explored as a potential
strategy to gastric cancer therapy.
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Purpose
With the emergence of next-generation sequencing (NGS) technology, profiling a wide range
of genomic alterations has become a possibility resulting in improved implementation of
targeted cancer therapy. In Asian populations, the prevalence and spectrum of clinically
actionable genetic alterations has not yet been determined because of a lack of studies
examining high-throughput cancer genomic data.
Materials and Methods
To address this issue, 1,071 tumor samples were collected from five major cancer institutes
in Korea and analyzed using targeted NGS at a centralized laboratory. Samples were either
fresh frozen or formalin-fixed, paraffin embedded (FFPE) and the quality and yield of extracted
genomic DNA was assessed. In order to estimate the effect of sample condition on the quality
of sequencing results, tissue preparation method, specimen type (resected or biopsied) and
tissue storage time were compared.
Results
We detected 7,360 non-synonymous point mutations, 1,164 small insertions and deletions,
3,173 copy number alterations, and 462 structural variants. Fifty-four percent of tumors
had one or more clinically relevant genetic mutation. The distribution of actionable variants
was variable among different genes. Fresh frozen tissues, surgically resected specimens,
and recently obtained specimens generated superior sequencing results over FFPE tissues,
biopsied specimens, and tissues with long storage duration.
Conclusion
In order to overcome, challenges involved in bringing NGS testing into routine clinical use,
a centralized laboratory model was designed that could improve the NGS workflows, provide
appropriate turnaround times and control costs with goal of enabling precision medicine.

Key words
Actionable genetic alteration, Precision medicine,
Next generation sequencing, Targeted panel sequencing,
Cancer genomics
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Introduction
During the past decade, the emergence of next-generation
sequencing (NGS) technologies has made comprehensive
and highly sensitive analysis of cancer genomes feasible [1].
In addition to providing important insights into the molecular events involved in tumorigenesis, these technological
advances offer great benefits to patients by improving diagnostic accuracy, identifying prognostic biomarkers and
increasing utilization of targeted therapies [2,3]. Many NGSbased projects, including the Cancer Genome Atlas (TCGA)
studies, have been able to identify a wide range of clinically
relevant genomic alterations within multiple cancer types [4].
These molecular profiling efforts have been essential to the
development of targeted therapies leading to more personalized cancer management. In addition, many clinical trials
are now utilizing deep sequencing to randomize, cancer
patients to new genomically-matched treatments [2,5]. While
comprehensive molecular profiling of tumors has become
increasingly important, there is a limited amount of highthroughput genomic data in East-Asian populations. Consequently, it has been difficult to estimate the frequency of clinically actionable mutations in Korea [2,6].
The National Health Insurance Service of Korea now
includes NGS testing in its insurance coverage (S1 Table).
While NGS tests have become more affordable, there are still
challenges involved in bringing these tests into routine clinical practice in Korea. First, significant investments are
required to build and maintain the computational infrastructure that enables genomic testing and research [7]. Second,
bioinformatics specialists and server engineers are required
to run the sophisticated software and manage scientific computing. These resource-intensive prerequisites surpass the
capacity of smallest laboratories and impose significant challenges even for large cancer centers [8]. In light of such
issues, we propose a new centralized laboratory model that
could ensure accessibility and sustainability of NGS tests for
providers. Local cancer centers would send their tumor tissue samples to a central sequencing and bioinformatics hub
and have them analyzed within a reasonable turnaround
time at a fraction of the cost (Fig. 1) [8].
In this study, we collected over 1,071 tumor samples, (598
lung cancers, 197 stomach cancers, 107 colorectal cancers
[CRCs], 69 breast cancers, and 100 other cancer types including ovarian, head and neck, thymic, melanoma, and esophageal), from five major cancer centers in Korea and used a
high-depth targeted sequencing panel to sequence genomic
DNA samples. We comprehensively profiled genetic alterations in patients with advanced cancer and evaluated the
clinical utility of NGS technology. Here, we present the
genomic landscape of common cancers in Korea and defines
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potential driver mutations that may affect clinical decision
making. Furthermore, we share our experience serving as a
centralized laboratory for five major cancer centers in Korea.
A thorough analysis of specimen types with respect to DNA
yield and DNA fragment size helped optimize our NGS
workflow. The ultimate goal is to advance the implementation and adoption of NGS in Korea as a critical component
for improving patient outcomes through the practice of precision medicine.

Materials and Methods
1. Patient samples
We collected 1,071 tumor samples from 993 patients from
five major Korean medical institutes. Specimens were prepared from fresh frozen (FF) tissue (n=323) or formalin-fixed
and paraffin embedded (FFPE) tissue (n=748). Following
microscopic examination of hematoxylin and eosin-stained
slides, macrodissection was performed to enrich for tumor
cells as needed. For DNA extraction, 10 tissue slides, 5 µm,
were required for small biopsy samples whereas 2-5 slides,
5 µm, were needed for resected specimens. Genomic DNA
from FFPE tissues was extracted using the Qiagen DNA
FFPE Tissue kit (Qiagen, Valencia, CA), and DNA from FF
tissues was extracted using the QIAamp DNA mini kit (Qiagen). DNA yield was evaluated using a Nanodrop 8000
UV-Vis spectrometer (NanoDrop Technologies Inc., Wilmington, DE) and Qubit 3.0 Fluorometer (Thermo Fisher Scientific, Waltham, MA). DNA size was examined using a 2200
TapeStation Instrument (Aglient Technologies, Santa Clara,
CA). Specimens with a DNA yield over 100 ng and a median
DNA fragment size of at least 350 bp were selected for targeted sequencing.
2. Targeted sequencing and bioinformatics
Targeted sequencing was performed using the CancerSCAN [9] panel which includes the whole exomes of 375 cancer-related genes and the intronic regions of 23 genes.
Genomic DNA was sheared using a Covaris S220 (Covaris,
Woburn, MA). Target capture was performed using the SureSelect XT Reagent Kit, HSQ (Agilent Technologies) and a
paired-end sequencing library was constructed with a barcode. Sequencing was performed on a HiSeq 2500 with 100bp reads (Illumina, San Diego, CA). One hundred samples
were able to be sequenced in a single experiment when using
high throughput mode and 17 samples were able to be
sequenced when using fast mode.
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Fig. 1. Diagram of central lab model. Samples are collected to a central lab and processed using the same platform so the resulting data can be easily integrated.
At a central laboratory, sample preparation procedures, including quality control, sequencing, and data analysis, were performed. In this project, five tertiary hospitals were participating. FF, fresh frozen; FFPE, formalin-fixed, paraffin embedded.
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The paired-end reads were aligned to the human reference
genome (hg19) using BWA-MEM v0.7.5. Samtools v0.1.18,
GATK v3.1-1, and Picard v1.93 were used for bam file handling, local realignment, and removal of duplicate reads,
respectively. Samples with a mean target coverage of less
than 200 were excluded from further analysis. Single
nucleotide variants (SNVs) with a variant allele fraction
greater than 1% were detected using MuTect v1.1.4, and
Lowfreq v0.6.1. Sequencing errors were filtered out by an
in-house algorithm using data extracted from each bam file.
Insertions and deletions (indels) that were less than 30 bp in
size were detected using Pindel v0.2.5a4. Possible germline
polymorphisms were also filtered out if the allele frequency
was more than 0.1% in any of the normal population databases including the: 1000 Genomes Project database, The
Exome Aggregation Consortium (ExAC) database, the National Heart, Lung and Blood Exome Sequencing Project (ESP)
database, the Korean Reference Genome Database, or the
Korean Variant Archive (KOVA) [10]. Structural variants
(SVs) and large indels (> 30 bp) were detected using an
in-house SV caller. Copy number alterations (CNAs) of each
gene were also detected using an in-house copy number
caller with copy numbers greater than 6 being marked as
amplifications and a copy numbers less than 0.7 designated
as deletions.
3. Actionable alterations
We defined actionable alterations as SNVs, indels, CNAs,
or SVs with the potential to affect clinical decisions or impact
the way patients are enrolled in clinical trials. Detected DNA
alterations were annotated by an in-house database created
for CancerSCAN [9]. SNVs were matched with the database
for amino acid level change, indels were matched with the
database at the exon level change, and CNAs and SVs were
matched with changes at the gene level.
4. Statistical analysis
Statistical analysis was conducted using the R v3.3.2. A chisquare test was used to determine the association between
two categorical variables, a T-test was used to examine the
association between one categorical variable and one continuous variable, and a Pearson’s correlation test was used to
evaluate the association between two continuous variables.
Firth’s bias-reduced logistic regression was determined
using the logistf R package v1.22 to assess the effect of each
variable on the success of sequencing. Following this, an
odds ratio (OR) was calculated for each variable. Significantly mutated genes were identified using MutSigCV v1.41.
Genes with a significant CNA were identified using GISTIC
v2.0.23. A p-value less than 0.05 was considered significant
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and genes with a false discovery rate (q-value) less than 0.1
were considered to be significantly mutated genes—either
significantly amplified or significantly deleted.
5. Ethical statement
The study was approved by the Institutional Review Board
of Samsung Medical Center, Seoul, Korea (SMC-201603-094), Severance Hospital, Seoul, Korea (4-2016-0135),
Seoul St. Mary’s Hospital, Seoul, Korea (2016939), Asan Medical Center, Seoul, Korea (S2016-0498-0007), and Seoul
National University Hospital, Seoul Korea (H-1606-076-771).
Some patients provided written informed consent for this
study. Some patients provided written informed consent for
other study and agreed secondary uses of data. Consent was
waived for the other patients.

Results
1. Sample information
A total of 1,071 cancer samples of various types were collected from five different institutes: 598 lung cancers, 197
stomach cancers, 107 CRCs, 69 breast cancers, and 100 other
cancer types including ovarian, head and neck, thymic,
melanoma, and esophageal (S2 Table). Of the 598 lung cancer
samples, 525 were non-small cell lung cancer (NSCLC) and
73 were small cell lung cancer (SCLC). NSCLC samples made
up a high proportion (49%) of the samples in this study. Of
the study samples, 493 were obtained by biopsy, 499 were
obtained by surgical resection, and 79 were obtained from
other methods. A total of 323 samples were FF tissue, and
748 samples were FFPE tissue. The median storage duration
from tissue sampling to DNA extraction was 313 days (range,
1 to 6,018 days). In total, 224 samples (21%) were excluded
due to low quality. This included 153 (14%) samples with a
DNA yield less than or near 100 ng and 12 samples (1%) with
a median DNA fragment size less than 350 bp that were
excluded prior to sequencing (S3 Table). In addition, 59 samples (6%) with a mean target coverage less than 200 were
excluded from the analysis. Some samples were obtained
from different (primary or metastatic) sites of the same
patient. The result from one sample is used per patients
when analyzing mutation landscape.
Sequencing results from 803 patient specimens were
included in the analysis. NGS detected 7,360 non-synonymous SNVs, 1,164 indels, 3,173 CNAs, and 462 SVs. Tumor
mutational burden was calculated for each tumor type
cohort. The median number of SNVs per megabase DNA
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Fig. 2. The effect of sample condition on extracted DNA size. (A) In formalin-fixed, paraffin embedded (FFPE) samples, the
size of DNA was shorter with degradation. This phenomenon was more prominent in resected tissues than in biopsied tissues. The horizontal line at 350 bp represented the minimum required size of extracted DNA to be included in the sequencing
step. (B) The size of DNA tended to be shorter as storage duration prolonged. The horizontal line at 350 bp represented the
minimum required size of extracted DNA to be included in the sequencing step. FF, fresh frozen; NSCLC, non-small cell
lung cancer; SCLC, small cell lung cancer.
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Table 1. Quality measures and pass rate among different institutes
Institute
Tissue preparation (%)
FF
FFPE
Specimen type (%)
Biopsy
Resection
Tissue storage time (yr)
DNA yield (µg)
DNA median size (kb)
Mean target coverage
Overall pass rate (%)

A

B

0
100

0
100

1.3
98.7
4.6±0.6
2.1±1.7
1.1±0.5
465±167
88.6

0
100
4.5±0.4
0.7±0.6
1.1±0.6
285±168
56.1

C

D

E

1.2
98.8

63.2
36.8

55.0
45.0

48.3
51.7
2.6±2.8
1.1±1.5
4.7±5.8
774±254
80.2

74.8
25.2
0.3±0.9
0.5±0.2
25.9±21.2
928±185
92.7

100
0
0.1±0.03
1.9±1.6
20.9±25.1
888±309
100

FF, fresh frozen; FFPE, formalin-fixed, paraffin embedded.

within NSCLC, SCLC, stomach cancer, CRC, and breast cancer were 10.7, 14.2, 11.5, 12.3, and 11.1, respectively (S4 Fig.).
The median number of small indels was 1 or 2 per megabase
of DNA within each cancer types. More CNAs were present
in SCLC and breast cancer than the other cancer types. For
tested genes, the median number of genes with an altered
copy number was 1.4% for SCLC and 1.1% for breast cancer.
2. Test quality
To estimate the effect of sample condition on the test quality, statistical analyses were performed for the tissue preparation method, specimen type (resected or biopsied sample),
cancer type, and tissue storage time. As sufficient DNA yield
and fragment size were the primary prerequisites for the
analysis, the association between sample condition and DNA
yield and that between sample condition and DNA size were
examined. DNA yield was found to be affected by the tissue
preparation method, specimen type, and cancer type
(S5 Table). Median DNA fragment size was found to be
affected by the tissue preparation method and cancer type
(S6 Table).
It is known that FFPE tissue experiences DNA degradation
during storage [11]. Thus, we further examined the effect of
sample condition on DNA fragment size (Fig. 2). When samples acquired from resection were treated with FFPE, DNA
size was significantly shorter than FF samples (p < 0.001).
Compared to the formalin fixation procedure for the biopsied samples, the formalin fixation procedure after resection
was much more complex and time-consuming. For FF samples, no difference in DNA size was observed between biopsied samples and samples acquired from resection (p=0.141).
Storage duration was correlated with DNA fragment size for
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FFPE tissues (p < 0.001) but not FF tissues (p=0.093).
After sequencing tumor samples and removing duplicate
reads, the mean target coverage was 842 and was very
important for mutation detection sensitivity. The mean target
coverage was correlated with the amount of DNA input and
the median DNA fragment size. When possible, 300 ng of
DNA was used for sequencing and when the DNA amount
was not sufficient, less than 300 ng of DNA was used. Mean
target coverage was reduced when less than 300 ng of DNA
(p < 0.001) or shorter median DNA fragment size (< 350 bp,
p < 0.001) was used (S7 Table, S8 and S9 Figs.).
Tissue quality was found to vary among the five institutes
(Table 1, S10 Fig.). Because different types of tissues were collected (e.g., FF vs. FFPE; biopsy vs. resection) among the
institutes, it was difficult to do a direct comparison. However, when the percentages of samples that passed our inclusion criteria were compared, the test quality was remarkably
worse in tissues from Institute B. Firth’s bias-reduced logistic
regression model was carried out using sample conditions
and overall test failure status to examine the effect of each
variable (Fig. 3). The overall test failure rate was higher when
FFPE tissue (OR, 0.19; p < 0.001), biopsied sample (OR, 0.17;
p < 0.001), or samples with a long storage time (OR, 0.86/yr;
p=0.005) were used (S11 Table). Although DNA length was
longer in biopsied samples, the higher test failure rate
observed was likely due to a lower DNA yield. The test failure rate was not significantly different among different
tumor types, but a significant difference in the test failure
rate of samples from different institutes was observed (institute C vs. E; OR, 0.07; p=0.014).
Quality of test influenced the detection of variants if the
mean coverage is extremely low. The number of detected
SNVs decreased when the mean target coverage was lower
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Fig. 3. Multivariate analysis of the effect of sample condition on QC pass. QC fails were more frequently observed particularly
in biopsied specimens or specimens with long storage time. In the forest plot, odds ratios (ORs) were described in log scale.
When the confidence interval does not contain 1.00, the p-value is less than 0.05. FF, fresh frozen; FFPE, formalin-fixed, paraffin embedded.

than 100 (p < 0.001). However, the number of detected
CNAs increased when the mean target coverage was lower
than 100 (p < 0.001) (S12 Fig.). The mean coverage did not
affect the detection rate of clinically important variant, EGFR
T790M.
3. Mutation landscape
We investigated the significantly mutated genes per tumor
type and compared them to TCGA data. In our NSCLC samples (n=401), significantly mutated genes were EGFR (q <
0.001), PRKDC (q < 0.001), TP53 (q < 0.001), FGF23 (q < 0.001),
KRAS (q < 0.001), EPHB6 (q=0.002), and RB1 (q=0.003)
(S13 Fig.). Except for PRKDC, FGF23, and EPHB6 these genes
were significantly mutated in TCGA data [4,12]. Other genes
that were significantly mutated in NSCLC in the TCGA data
(ARID1A, KEAP1, CDKN2A, PIK3CA, NKX2-1, SMAD4, and
PTEN) were also frequently mutated in this study. Significantly amplified regions included the 7p11.2 region which
contains the EGFR and HGF genes (q < 0.001), the 14q13.3
region which contains the FOXA1, NFKBIA, and NKX2-1
gene (q < 0.001), the 12q15 region which contains the BTG1
and MDM2 genes (q < 0.001), the 11q13.3 region which contains the CCND1, FGF4, MEN1, and FGF19 genes (q < 0.001),
the 17q12 region which contains the ERBB2, RARA, CDK12,
CCNE1, CEBPA, and MEF2B genes (q < 0.001), the 20q13.2

region which contains the AURKA, ZNF217 and NCOA3
genes (q < 0.001), and the 12q14.1 region which contains the
CDK4, ERBB3, and MDM2 genes (q=0.004), and 3q27.1
region which contains the PIK3CA, SOX2, MAP3K13, and
KLHL6 genes (q=0.035), and the 8q21.3 region which contains
RUNX1T1 and MYC genes (q=0.092). Significantly deleted
regions were the 9p21.3 region which contains the CDKN2A
and CDKN2B genes (q < 0.001) (S14 Fig.).
In our SCLC samples (n=60), significantly mutated genes
were TP53 (q < 0.001), RB1 (q < 0.001), FGF23 (q=0.005), and
FANCM (q=0.060) (S15 Fig.). Prior studies have shown
detection of TP53 and RB1 inactivation in nearly all SCLC
samples when whole genome sequencing was carried out
[13]. The mutation frequency of these genes observed in this
study, 88% for TP53 and 75% for RB1, was similar to other
exome sequencing data [14]. The 4q12 region that contains
the KDR, KIT, and PDGFRA genes (q=0.024) and the 19q12
region that contains the CCNE1, CEBPA, and MEF2B genes
(q=0.026) were also significantly amplified in our SCLC samples (q=0.023) (S16 Fig.).
In the stomach cancer samples (n=119), significantly
mutated genes were TP53 (q < 0.001), CDH1 (q < 0.001), and
ARID1A (q=0.041) (S17 Fig.). Other frequently altered genes
that were significantly mutated in stomach cancer in the
TCGA data [15] were KRAS, SMAD4, ERBB2, PIK3CA,
CTNNB1 and APC. Significantly amplified regions in our
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samples were the 19q12 region which contains the CCNE1,
CEBPA, and MEF2B genes (q < 0.001), the 10q26.13 region
which contains the FGFR2 gene (q < 0.001), the 20q13.2
region which contains the AURKA, ZNF217 and NCOA3
genes (q < 0.001), the 7p11.2 region which contains the EGFR,
HGF, and IKZF1 genes (q < 0.001), and the 17q12 containing
the ERBB2 and RARA genes (q=0.001). Significantly deleted
regions were the 19p13.2 region which contains the SMARCA4
gene (q=0.050) (S18 Fig.).
In the CRC samples (n=23), significantly mutated genes
were APC (q < 0.001), KRAS (q < 0.001), TP53 (q < 0.001),
SMAD4 (q < 0.001), PIK3CA (q < 0.001), FBXW7 (q < 0.001),
and SOX9 (q=0.033). These genes were also significantly
mutated in TCGA data [16] (S19 Fig.). The 12p13 region that
contains the CCND2, CHD4, FGF6, RAD52 and FGF23 genes
was significantly amplified (q=0.013) (S20 Fig.).
In our breast cancer samples (n=25), the genes TP53 (q <
0.001), GATA3 (q < 0.001), and PIK3CA (q=0.014) were found
to be significantly mutated (S21 Fig.). Other frequently
altered genes that were significantly mutated in breast cancer
in the TCGA data were CDH1, ERBB2, NF1, and MAP3K1.
Significantly amplified regions in our samples were the
17q12 region which contains the ERBB2, RARA, and CDK12
genes (q < 0.001) and the 11q13.3 region which contains the
CCND1, MEM1, and FGF19 genes (q=0.007) (S22 Fig.).
The TERT promoter region was included in the sequencing
panel used in this study. We found that a TERT promoter
mutation was present in 3% of NSCLCs, 5% of stomach cancers, 2% of CRCs, and 2% of breast cancers. Frequently
altered sites were G>A substitutions at –124 bp (n=6) and
–146 bp (n=3) upstream from the translation start site.
4. Actionable genetic alterations
In this study, an actionable genetic alteration was defined
as a genomic variation that was a known drug target, regardless of tumor type. Here, 54.2% of the tested samples had one
or more actionable genetic alteration. The proportion of samples with actionable genetic variants was higher in NSCLC
(68%), CRC (52%), and breast cancer samples (52%) than in
stomach cancer (28%), SCLC (13%), and other cancer types
(28%) (Fig. 4, S23 Fig.). There were 25 genes with actionable
alterations; EGFR, KRAS and PIK3CA were the most frequently altered actionable genes containing 72% of actionable alterations. In NSCLC, 47% of samples had actionable
alterations in the EGFR gene, and 27% of samples had actionable alterations in genes other than EGFR. Although actionable alterations of EGFR, KRAS, BRAF, ALK, RICTOR, RET,
and ROS1 were mutually exclusive, some actionable alterations of PIK3CA, ERBB2, MDM2, CDK4, FGFR1, NRAS, and
CTNNB1 coexisted with other actionable alterations (S24 Fig.).
Actionable alterations of EGFR were only present in NSCLC,

but actionable alterations of KRAS, PIK3CA, and ERBB2 were
present across almost every cancer type in our study.
5. A case of personalized therapy using NGS study
A 36-year-old never-smoker woman was diagnosed with
lung adenocarcinoma and right upper lobectomy with adjuvant chemotherapy was done. No EGFR and KRAS mutation
was detected at initial diagnosis. Two years after the surgery,
adenocarcinoma recurred at supraclavicular lymph node and
the patient received concurrent chemoradiotherapy. Two
years later, tumor progressed to involve trachea. Tracheal
lesion was biopsied to perform fluorescence in situ hybridization study for ALK, RET, ROS1 translocation. ALK translocation was detected and the patient is treated with crizotinib. Airway lesion and mediastinal lymphadenopathy
improved after crizotinib treatment. Eighteen months after
the therapy, size of mediastinal and intraabdominal lymph
node increased. Mediastinal lymph nodes was biopsied to
perform NGS study. ALK G1269A mutation was detected
with KIF5B/ALK fusion. The patient received ceritinib which
overcomes resistance to ALK G1269A mutation. Mediastinal
and intraabdominal lymph nodes disappeared after two
months of ceratinib therapy. After 16 months, the patient
remains on treatment with no signs of tumor progression.

Discussion
In this study, we report our experience as a central bioinformatics laboratory determining the frequency of actionable
genomic alterations in over 1,000 tumor samples from five
different institutes. We found that 54% of our tested samples
had one or more actionable genetic alterations. A higher proportion of actionable genetic variants was observed in
NSCLC (64%), CRC (52%), and breast cancer (52%) samples
compared to the other cancer types. These findings underscore that numerous patients may benefit from clinical tumor
sequencing. Several, but not all, actionable genes can be
tested one at a time using conventional sequencing techniques such as Sanger sequencing. In contrast, a high-throughput panel sequencing can test all potential actionable genes
simultaneously which ultimately helps clinicians find therapeutic options that best fit each patient. It takes a lot of time
and specimens to test multiple genes sequentially. As a
result, testing with multiplex platform has become commonplace in major cancer centers. We detected actionable alterations that provide therapeutic benefit in both the major
tumor types in which genetic testing is frequently performed
as well as in rare types of cancer, although such alterations
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appeared to be less frequent in the rare cancers [17]. Thus,
high-throughput panel sequencing can also benefit patients
with rare cancers. Novel, flexible clinical trial designs (i.e.,
umbrella trials and basket trials), in which patients are
assigned to investigational therapies based on their mutational profile, have emerged and facilitated new targeted
therapeutic strategies [18]. It is anticipated that patients with
NGS-defined biomarkers will ultimately receive genomically
matched therapies that could result in improved clinical outcomes [19]. Measuring the burden of nonsynonymous
mutation has become important as it is the predictor of
immunotherapy response in cancer patients [20]. NGS test
will also be utilized in predicting immunotherapy response.
The overall actionable mutation frequency in our study
(54%) was significantly higher than that observed in the
Memorial Sloan Kettering Cancer Center (MSKCC)-study
using MSK-IMPACT (37%) [2]. There are three factors that
may have contributed to this difference. First, the proportion
of samples from NSCLC patients in our cohort was higher
than that in the MSKCC-study [2]. Second, EGFR mutation
in NSCLC patients has been reported to be more prevalent
in the Asian population and in the female populations [4,21].
Indeed, compared to the EGFR mutation frequency in NSCLC patients in the MSKCC cohort (24%), the frequency in our
cohort was much higher (47%), similar to previous reports
[2,21]. Third, MSK-IMPACT excluded KRAS mutations from
the actionable category, while we included them in our
analysis [2]. The combination of these three factors likely
increased the actionable mutation frequency in our study.
The mutation burdens in this study were also somewhat
higher than the previously reported mutation rates [22,23].
As our target genes were enriched for cancer-related genes
and the samples sequenced at high coverage (> 800), the
mutation burden of our data is likely higher than that of
whole genome sequencing or whole exome sequencing data.
In comparison with the conventional sequencing methods,
one big hurdle in the implementation of NGS tests into routine practice can be the cost efficiency on the provider end.
Substantial setup costs are required for the computational
infrastructure, such as a laboratory space for the cooling system, electricity, fault recovery, a backup system, along with
IT support [7]. To improve the affordability and sustainability of this technology, an alternative approach to current
practice needs to be considered. Souilmi et al. [24] suggested
that this bioinformatic bottlenecks could be overcome by
cloud-based computing. However, the possibility of exposing sensitive personal genomic data while transferring and
sharing data raises privacy and ethical concerns. Even if
these issues are resolved by de-identification techniques,
another challenge is the integration of multiple data sources
and the minimization of inter-laboratory data discrepancies
that can arise from differences in instruments, experimental
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methods, sequencing instruments and analysis platforms.
Furthermore, the target regions differ substantially between
laboratories, which leads to challenges in the normalization
of the systemic biases, especially in copy number and RNA
expression data [25]. The use of different data analysis tools
by each laboratory results in a different output format. Merging these different outputs into one format is another obstacle.
To overcome these challenges, we performed pan-cancer
panel sequencing using a centralized laboratory system
model [8]. This system allowed us to consistently sequence
tumor samples from different institutes and combine data
sets without adjusting their format. Within a centralized system we needed to set appropriate tissue requirements for
optimizing an NGS workflow [26]. Recently, several studies
have discussed the appropriate amount of DNA required for
successful sequencing [5,26-28]. Cho et al. [26] proposed that
more than five unstained slides (5 µm in thickness) for FFPE
biopsies and more than one unstained slide for FFPE resection specimens were adequate for a NGS. However, the minimum amount of DNA required for different NGS workflows
varies, and the amount of DNA extracted from one slide also
varies depending on the area and volume of the tumor tissue
[26,27]. Thus, it is difficult to predict the minimum number
of unstained slides and the exact DNA yield in clinical practice. To minimize test failures resulting from an insufficient
amount of DNA, we established our criterion: 10 unstained
slides for FFPE biopsies and two unstained slides for FFPE
resection specimens. Additionally, we found that for FFPE
samples, inadequate DNA quality was correlated with the
storage duration. As DNA in FFPE tissue blocks is likely to
be degraded during storage, we suggest that the storage
duration should be considered and, if possible, controlled
when sequencing FFPE samples. It would be better to use
FFPE tissue blocks with storage duration less than 3 years to
ensure test quality. To use NGS study in clinics, it is important to check if the sequencing covered all the important
position. We used test results with mean target coverage
more than 200 only. Theoretically 200 coverage is required
to detect variants of allele fraction 10% with 99% sensitivity
[28].
To use NGS test in clinical practice, it should not take too
long for the test results to be produced. The duration of DNA
extraction to NGS reporting was 2-3 weeks with fast mode
[29]. We believe that this turn-around time is adequate for
patients to make timely therapeutic decisions. For longitudinal monitoring of a patient’s actionable tumor mutations, it
is not always possible to collect recurring tumor specimens
by invasive methods. In those cases, sequencing circulating
tumor DNA (ctDNA) from plasma may be a viable alternative [30]. Several attempts have been made to apply this technique in clinical trials [31]. Once the accuracy of testing
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ctDNA improves, genome-matched therapy is likely to be
more widely practiced.
In conclusion, drawing on our experiences, we support the
use of an NGS workflow in a centralized laboratory system
model. We hope that our insight could help in the integration
of genomic data from different institutes and the understanding of disease-gene relationships.
Electronic Supplementary Material
Supplementary materials are available at Cancer Research and
Treatment website (https://www.e-crt.org).
Conflicts of Interest
The authors declare that they have no conflicts of interests. This
research was mainly funded by Illumina Inc. (San Diego, CA, USA).
Acknowledgments
We thank Kirsten Curnow, Kristine Jinnett, and Mueller Amy, an
employee of Illumina Inc., for providing medical writing support.
This research was supported by a grant of the Korean Health Technology R&D Project through the Korea Health Industry Development Institute, funded by the Ministry of Health & Welfare, Republic of Korea (HI13C2096 to W.Y.P., HI14C0072 to H.L.K.), and grant
from Ministry of Food and Drug Safety, Republic of Korea (16173MFDS004 to W.Y.P.).
Author Details
1

Division of Hematology and Oncology, Department of Medicine,
Samsung Medical Center, Sungkyunkwan University School of

Medicine, Seoul, 2Department of Health Science and Technology,
Samsung Advanced Institute of Health Science and Technology,
Sungkyunkwan University, Seoul, 3Samsung Genome Institute,
Samsung Medical Center, Sungkyunkwan University School of
Medicine, Seoul, 4Department of Internal Medicine, Seoul National
University Hospital, Seoul National University College of Medicine,
Seoul, 5Department of Internal Medicine, Korea University Anam
Hospital, Korea University College of Medicine, Seoul, 6Department
of Pathology, Samsung Medical Center, Sungkyunkwan University
School of Medicine, Seoul, 7Division of Medical Oncology, Yonsei
Cancer Center, Yonsei University College of Medicine, Seoul,
Departments of 8Colon & Rectal Surgery and 9Oncology, Asan Medical Center, University of Ulsan College of Medicine, Seoul,
10
Department of Surgery, Seoul National University Hospital, Seoul
National University College of Medicine, Seoul, 11Department of
Thoracic and Cardiovascular Surgery, Seoul National University
Bundang Hospital, Seoul National University College of Medicine,
Seongnam, 12Department of Internal Medicine, Seoul St. Mary’s
Hospital, College of Medicine, The Catholic University of Korea,
Seoul, 13Department of Pathology, Asan Medical Center, University
of Ulsan College of Medicine, Seoul, 14Department of Pathology,
Severance Hospital, Yonsei University College of Medicine, Seoul,
15
Department of Pathology, Seoul National University Hospital,
Seoul National University College of Medicine, Seoul, 16Department
of Biochemistry and Molecular Biology, Seoul National University
College of Medicine, Seoul, 17Department of Microbiology, College
of Medicine, The Catholic University of Korea, Seoul, 18Department
of Medical Informatics, Pusan National University School of Medicine, Yangsan, 19Department of Biochemistry, Ewha Womans University School of Medicine, Seoul, 20Department of Molecular Cell
Biology, Sungkyunkwan University School of Medicine, Seoul,
Korea

References
1. Meyerson M, Gabriel S, Getz G. Advances in understanding
cancer genomes through second-generation sequencing. Nat
Rev Genet. 2010;11:685-96.
2. Zehir A, Benayed R, Shah RH, Syed A, Middha S, Kim HR, et
al. Mutational landscape of metastatic cancer revealed from
prospective clinical sequencing of 10,000 patients. Nat Med.
2017;23:703-13.
3. Katsnelson A. Momentum grows to make 'personalized' medicine more 'precise'. Nat Med. 2013;19:249.
4. Cancer Genome Atlas Research Network. Comprehensive
molecular profiling of lung adenocarcinoma. Nature. 2014;511:
543-50.
5. Frampton GM, Fichtenholtz A, Otto GA, Wang K, Downing

SR, He J, et al. Development and validation of a clinical cancer
genomic profiling test based on massively parallel DNA
sequencing. Nat Biotechnol. 2013;31:1023-31.
6. Cho YS, Kim H, Kim HM, Jho S, Jun J, Lee YJ, et al. An ethnically relevant consensus Korean reference genome is a step
towards personal reference genomes. Nat Commun. 2016;7:
13637.
7. Schadt EE, Linderman MD, Sorenson J, Lee L, Nolan GP. Computational solutions to large-scale data management and
analysis. Nat Rev Genet. 2010;11:647-57.
8. Hynes SO, Pang B, James JA, Maxwell P, Salto-Tellez M. Tissue-based next generation sequencing: application in a universal healthcare system. Br J Cancer. 2017;116:553-60.

VOLUME 51 NUMBER 1 JANUARY 2019

221

Cancer Res Treat. 2019;51(1):211-222

9. Shin HT, Choi YL, Yun JW, Kim NK, Kim SY, Jeon HJ, et al.
Prevalence and detection of low-allele-fraction variants in clinical cancer samples. Nat Commun. 2017;8:1377.
10. Lee S, Seo J, Park J, Nam JY, Choi A, Ignatius JS, et al. Korean
Variant Archive (KOVA): a reference database of genetic variations in the Korean population. Sci Rep. 2017;7:4287.
11. Guyard A, Boyez A, Pujals A, Robe C, Tran Van Nhieu J,
Allory Y, et al. DNA degrades during storage in formalin-fixed
and paraffin-embedded tissue blocks. Virchows Arch. 2017;
471:491-500.
12. Cancer Genome Atlas Research Network. Comprehensive
genomic characterization of squamous cell lung cancers.
Nature. 2012; 489:519-25.
13. George J, Lim JS, Jang SJ, Cun Y, Ozretic L, Kong G, et al. Comprehensive genomic profiles of small cell lung cancer. Nature.
2015;524:47-53.
14. Peifer M, Fernandez-Cuesta L, Sos ML, George J, Seidel D,
Kasper LH, et al. Integrative genome analyses identify key
somatic driver mutations of small-cell lung cancer. Nat Genet.
2012;44:1104-10.
15. Cancer Genome Atlas Research Network. Comprehensive
molecular characterization of gastric adenocarcinoma. Nature.
2014;513: 202-9.
16. Cancer Genome Atlas Network. Comprehensive molecular
characterization of human colon and rectal cancer. Nature.
2012;487:330-7.
17. Lim SM, Yoo JE, Lim KH, Meng Tai DW, Cho BC, Park YN.
Rare incidence of ROS1 rearrangement in cholangiocarcinoma.
Cancer Res Treat. 2017;49:185-92.
18. Menis J, Hasan B, Besse B. New clinical research strategies in
thoracic oncology: clinical trial design, adaptive, basket and
umbrella trials, new end-points and new evaluations of
response. Eur Respir Rev. 2014;23:367-78.
19. Jordan EJ, Kim HR, Arcila ME, Barron D, Chakravarty D, Gao
J, et al. Prospective comprehensive molecular characterization
of lung adenocarcinomas for efficient patient matching to
approved and emerging therapies. Cancer Discov. 2017;7:596609.
20. Rizvi NA, Hellmann MD, Snyder A, Kvistborg P, Makarov V,
Havel JJ, et al. Cancer immunology: mutational landscape
determines sensitivity to PD-1 blockade in non-small cell lung

222

CANCER RESEARCH AND TREATMENT

cancer. Science. 2015;348:124-8.
21. Lee B, Lee T, Lee SH, Choi YL, Han J. Clinicopathologic characteristics of EGFR, KRAS, and ALK alterations in 6,595 lung
cancers. Oncotarget. 2016;7:23874-84.
22. Alexandrov LB, Nik-Zainal S, Wedge DC, Aparicio SA, Behjati
S, Biankin AV, et al. Signatures of mutational processes in
human cancer. Nature. 2013;500:415-21.
23. Kandoth C, McLellan MD, Vandin F, Ye K, Niu B, Lu C, et al.
Mutational landscape and significance across 12 major cancer
types. Nature. 2013;502:333-9.
24. Souilmi Y, Lancaster AK, Jung JY, Rizzo E, Hawkins JB,
Powles R, et al. Scalable and cost-effective NGS genotyping in
the cloud. BMC Med Genomics. 2015;8:64.
25. Pfundt R, Del Rosario M, Vissers LE, Kwint MP, Janssen IM,
de Leeuw N, et al. Detection of clinically relevant copy-number variants by exome sequencing in a large cohort of genetic
disorders. Genet Med. 2017;19:667-75.
26. Cho M, Ahn S, Hong M, Bang H, Van Vrancken M, Kim S, et
al. Tissue recommendations for precision cancer therapy using
next generation sequencing: a comprehensive single cancer
center's experiences. Oncotarget. 2017;8:42478-86.
27. Austin MC, Smith C, Pritchard CC, Tait JF. DNA yield from
tissue samples in surgical pathology and minimum tissue
requirements for molecular testing. Arch Pathol Lab Med.
2016;140:130-3.
28. Lee C, Bae JS, Ryu GH, Kim NK, Park D, Chung J, et al. A
method to evaluate the quality of clinical gene-panel sequencing data for single-nucleotide variant detection. J Mol Diagn.
2017;19:651-8.
29. Hagemann IS, Devarakonda S, Lockwood CM, Spencer DH,
Guebert K, Bredemeyer AJ, et al. Clinical next-generation
sequencing in patients with non-small cell lung cancer. Cancer. 2015;121:631-9.
30. Alix-Panabieres C, Pantel K. Clinical applications of circulating tumor cells and circulating tumor DNA as liquid biopsy.
Cancer Discov. 2016;6:479-91.
31. Kim ST, Lee WS, Lanman RB, Mortimer S, Zill OA, Kim KM,
et al. Prospective blinded study of somatic mutation detection
in cell-free DNA utilizing a targeted 54-gene next generation
sequencing panel in metastatic solid tumor patients. Oncotarget. 2015;6:40360-9.

pISSN 1598-2998, eISSN 2005-9256
https://doi.org/10.4143/crt.2018.073

Cancer Res Treat. 2019;51(1):223-239

Open Access

Original Article

Treatment Patterns and Changes in Quality of Life during First-Line
Palliative Chemotherapy in Korean Patients with Advanced Gastric
Cancer
Purpose
The purpose of this study was to evaluate chemotherapy patterns and changes in quality
of life (QOL) during first-line palliative chemotherapy for Korean patients with unresectable
or metastatic/recurrent gastric cancer (GC).
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Materials and Methods
This was a non-interventional, multi-center, prospective, observational study of 527 patients
in Korea. QOL assessments were conducted using the European Organization for Research
and Treatment of Cancer (EORTC) Quality of Life Questionnaires (QLQ)-C30 and QLQ-STO22
every 3 months over a 12-month period during first-line palliative chemotherapy. The specific
chemotherapy regimens were selected by individual clinicians.
Results
Most patients (93.2%) received combination chemotherapy (mainly fluoropyrimidine plus
platinum) as their first-line palliative chemotherapy. The median progression-free survival
and overall survival were 8.2 and 14.8 months, respectively. Overall, “a little” changes (differences of 5-10 points from baseline) were observed in some of the functioning or symptom
scales; none of the QOL scales showed either “moderate” or “very much” change (i.e.,  11
point difference from baseline). When examining the best change in each QOL domain from
baseline, scales related to some aspects of functioning, global health status/QOL, and most
symptoms revealed significant improvements (p < 0.05). Throughout the course of first-line
palliative chemotherapy, most patients’ QOL was maintained to a similar degree, regardless
of their actual response to chemotherapy.
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Conclusion
This observational study provides important information on the chemotherapy patterns and
QOL changes in Korean patients with advanced GC. Overall, first-line palliative chemotherapy
was found to maintain QOL, and most parameters showed an improvement compared with
the baseline at some point during the course.
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Introduction
Gastric cancer (GC) is the fifth most common cancer worldwide, and the third leading cause of cancer-related death [1].
It is also the third leading cause of cancer-related death in
Korea, where it is the second most common malignancy [2].
Despite progress in cancer therapies, treatment for unresectable or metastatic/recurrent GC remains a significant
challenge. Palliative chemotherapy is considered as a cornerstone of treatment for patients with metastatic or recurrent
GC [3]. Both quality of life (QOL) and survival have shown
improvement as a result of palliative chemotherapy [4,5].
Recently, targeted agents and cancer immunotherapy have
led to better outcomes for patients with metastatic or recurrent GC [6,7].
QOL is an exceedingly important issue in the palliative setting. Indeed, a major barrier to palliative chemotherapy is a
worry about decreased QOL due to the chemotherapy. Early
integration of palliative care has been found to improve QOL
and survival in patients with metastatic cancer [8]. However,
there is little evidence on the real-world QOL changes during
chemotherapy in patients with unresectable or metastatic/
recurrent GC.
Korea and Japan both have effective screening programs
and clinical practice guidelines for patients with GC [9]. The
practice guidelines for palliative chemotherapy are based on
evidence collected globally and domestically, and are
adopted to harmonize the medical practices within individual countries. Despite the availability of these country-specific clinical practice guidelines, there is still no consensus on
a standard chemotherapy for patients with GC, as demonstrated by the global registry of GC treatment evaluation
(REGATE) study [10,11]. Specifically, the REGATE study
revealed that the disease characteristics and treatment patterns for GC varied across countries.
Therefore, in this prospective observational study, we
investigated the chemotherapy patterns and QOL changes
during first-line palliative chemotherapy among Korean
patients with unresectable or metastatic/recurrent GC.

Materials and Methods

apy and Quality of Life in Unresectable Locally Advanced
and Metastatic Gastric Cancer (REQUEST). From September
2010 to December 2012, 532 patients at 26 sites in Korea were
enrolled. The inclusion criteria for patients (who were all
aged > 20 years) were having histologically confirmed unresectable locally advanced or metastatic/recurrent gastric
adenocarcinoma, an Eastern Cooperative Oncology Group
(ECOG) performance status of 0-2, an expected survival of
> 3 months, and no prior palliative chemotherapy for GC.
The exclusion criteria were having participated in a clinical
trial with any investigational drug within the 30 days prior
to study entry or having comorbidities or organ dysfunctions
unsuitable for systemic chemotherapy.
2. Data collection and assessment
All the chemotherapy regimens were chosen at the discretion of each medical oncologist. Patient management was
conducted in line with the investigator’s medical judgment,
given that this was a non-interventional, observational study.
Clinical information on the patients, tumor, applied chemotherapy, response to chemotherapy, and survival was collected prospectively. The QOL assessments were conducted
using the European Organization for Research and Treatment of Cancer (EORTC) Quality of Life Questionnaires
(QLQ)-C30 and QLQ-STO22 [12,13]. Patients’ tumor response was evaluated using the Response Evaluation Criteria in
Solid Tumors guideline ver. 1.1 [14]. Both the QOL assessment and collection of other data were conducted before the
initiation of chemotherapy as well as 3, 6, 9, and 12 months
after (±2 weeks). After 12 months, patient survival was followed up by telephone every 3 months up to 24 months.
The QLQ-C30 comprises a single global health status/QOL
scale, five functional scales, and nine symptom scales. The
QLQ-STO22 comprises 22 items evaluating patients’ disease
and treatment-related symptoms, nutritional aspects, and
emotional problems. All the scales and single-item measures
had scores ranging from 0 to 100, which were the result of
standardizing the raw scores via linear transformation.
Higher scores indicated a greater response—in other words,
a higher score on a functional scale indicates a more healthy
level of functioning, a higher score on the global health status/QOL scale indicates a higher QOL, and a higher score
on a symptom scale indicates more severe symptomatology
or problems.

1. Study design and patients

3. Statistical analysis

This was a non-interventional, multi-center, prospective,
observational study of chemotherapy and QOL in patients
with unresectable locally advanced or metastatic/recurrent
GC. The formal title of the study is Registry of Chemother-

Based on the annual report of the Korean National Health
Insurance Corporation, there were 90,023 patients with GC
in 2008, of which 22,491 were newly diagnosed. Based on this
population, we calculated the minimum sample size by
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Table 1. Patient characteristics and administered chemotherapy regimens

Table 1. Continued
Variable

No. (%) (n=527)

Variable

Second-line palliative chemotherapy
regimen (n=195)
Monotherapy
Fluoropyrimidine
Taxane
Irinotecan
Other agents
Combination chemotherapy
Irinotecan plus 5-fluorouracil
Fluoropyrimidine plus platinum
Taxane plus platinum
Other

71 (36.4)
40 (56.3)e)
18 (25.3)e)
8 (11.3)e)
5 (7.0)e)
124 (63.6)
54 (43.5)f)
54 (43.5)f)
9 (7.3)f)
7 (5.6)f)

No. (%) (n=527)

Age (yr)
Median (range)
60.0 (25.0-86.0)
20-39
34 (6.5)
40-49
70 (13.3)
50-59
154 (29.2)
60-69
148 (28.1)
 70
121 (23.0)
Sex
Male
380 (72.1)
Female
147 (27.9)
ECOG PS
0
92 (17.5)
1
409 (77.6)
2
26 (4.9)
Body mass index
Median (range)
21.0 (14.7-33.1)
Tumor location (including multiple
tumor locations)
Cardia
57 (10.8)
Fundus
26 (4.9)
Body
260 (49.4)
Antrum
226 (43.0)
Entire stomach
34 (6.5)
Unknown
17 (3.2)
Previous operation history
No
317 (60.2)
Yes
210 (39.9)
Total gastrectomy
85 (40.5)a)
Subtotal gastrectomy
123 (58.6)a)
Unknown
2 (1.0)a)
First-line palliative chemotherapy regimen
Monotherapy
36 (6.8)
Fluoropyrimidine
22 (61.1)b)
Other agents (taxane, irinotecan,
14 (38.9)b)
oxaliplatin, etc.)
Combination chemotherapy
491 (93.2)
Fluoropyrimidine plus platinum
401 (81.7)c)
5-Fluorouracil plus oxaliplatin
169 (34.4)d)
Capecitabine plus oxaliplatin
148 (30.1)d)
Capecitabine plus cisplatin
54 (11.0)d)
S1 plus cisplatin
27 (5.5)d)
5-Fluorouracil plus cisplatin
3 (0.6)d)
Trastuzumab plus fluoropyrimidine
29 (5.9)c)
plus platinum
Taxane plus platinum
24 (4.9)c)
Taxane plus fluoropyrimidine
18 (3.7)c)
plus platinum
Irinotecan plus 5-fluorouracil
10 (2.0)c)
Other
9 (1.8)c)

(Continued)

ECOG PS, Eastern Cooperative Oncology Group Scale of
Performance Status; S1, tegafur/gimeracil/oteracil. a)Among
patients with previous gastrectomy history, b)Among
monotherapy regimens (first-line), c)Among combination
chemotherapy regimens (first-line), d)Among fluoropyrimidine plus platinum regimens (first-line), e)Among monotherapy regimens (second-line), f)Among combination chemotherapy regimens (second-line).

applying a 5% margin of error at 95% confidence interval
(CI), and using simple random sampling; assuming a 100%
response rate, at least 380 patients would be needed for sufficient power. We expected a drop-out rate of at least 10%,
so approximate 500 patients were considered as a sufficient
sample for this study.
The continuous variables were summarized using descriptive statistics such as the mean, standard deviation, median,
and range, whereas categorical variables were summarized
using frequencies and percentages. Changes in QOL were
determined by subtracting the baseline QOL score from the
QOL score measured after treatment, and the results were
assessed in line with Osoba et al.’s method [15]: a change of
less than 5 points from the baseline was considered as “no
change,” a change of 5-10 points was considered “a little,” a
change of 11-20 points was considered “moderate,” and a
change of greater than 20 was considered “very much.” The
difference between baseline and best QOL scores was analyzed using the paired t-test and the Wilcoxon signed rank
test. A patient’s overall survival (OS) was defined as the time
from enrolment until death, regardless of the cause of death.
All patients who were lost to follow up or were alive by the
end of the study were censored at the date of their last confirmed survival. We also measured progression-free survival
(PFS), which was defined as the time from enrolment until
confirmed progressive disease (PD) to first-line palliative
chemotherapy or death regardless of cause. Patients who
VOLUME 51 NUMBER 1 JANUARY 2019
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Registered patients (n=532)
Excluded (n=5)
Participating in other
clinical trials (n=5)
Baseline (n=527)
Month 3
No chemotherapy change;
continued with first-line regimen;
(n=330, 62.6%)

Chemotherapy change (n=76)
End of chemotherapy (n=59)
Follow-up loss (n=62)

Month 6
No chemotherapy change;
continued with first-line regimen;
(n=168, 31.9%)

Chemotherapy change (n=67)
End of chemotherapy (n=33)
Follow-up loss (n=62)

Month 9
No chemotherapy change;
continued with first-line regimen;
(n=86, 16.3%)

Chemotherapy change (n=40)
End of chemotherapy (n=22)
Follow-up loss (n=20)

Month 12
No chemotherapy change;
continued with first-line regimen;
(n=33, 6.3%)

Chemotherapy change (n=12)
End of chemotherapy (n=25)
Follow-up loss (n=16)

Fig. 1. Study flow chart.

were lost to follow up or who switched to a different chemotherapy without progression to first-line palliative chemotherapy were censored at the last visit date during the firstline palliative chemotherapy. Finally, patients who showed
no PD or were not dead at the end of the study were censored at the end-of-study visit. The Kaplan-Meier method
was used to analyze the OS and PFS, and the median survival time and 95% CI are reported.
4. Ethical statement
This study was conducted in compliance with the Good
Epidemiological Practice guidelines and this report was prepared in accordance with the “strengthening the reporting
of observational studies in epidemiology (STROBE)” statement. All patients gave their written informed consent, and
the institutional review board at each participating center
approved this study.
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Results
1. Patient disposition
A total of 532 patients were enrolled. Five of these patients
were ultimately excluded because they were participating in
other investigational studies, so 527 patients were included
in the analysis. The survival and tumor progression of one
patient could not be verified; as such, the analyses on PFS
and OS were conducted for 526 patients. As of the date of the
data cut-off (December 13, 2014), 54.2% (285/526) patients
were reported to be alive; the rest were dead.
2. Patients and chemotherapy
The patient characteristics are shown in Table 1. Patients’
median age was 60 years (range, 25 to 86 years) and their
median body mass index was 21.0 kg/m2 (range, 14.7 to 33.1
kg/m2). Most patients were male (72.1%) and had an ECOG
performance status of 0 or 1 (95.1%). The majority of the
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Table 2. Best tumor response during first-line palliative
chemotherapy
No. (%) (n=385)
Complete response
Partial response
Stable disease
Progressive disease
Objective response rate
Disease control rate

12 (3.1)
104 (27.0)
207 (53.8)
62 (16.1)
116 (30.1)
323 (83.9)

patients had a primary tumor location in the body (49.4%) or
antrum (43.0%). Of the 527 analyzed patients, 210 (39.9%)
had undergone previous gastrectomy.
First-line palliative chemotherapy began in all 527 patients.
The changes to second-line palliative chemotherapy at 3, 6, 9,
and 12 months are shown in Fig. 1. At 3, 6, 9, and 12 months,
330 (62.6%), 168 (31.9%), 86 (16.3%), and 33 (6.3%) patients,
respectively, continued first-line palliative chemotherapy. Of
the 527 patients, a total of 195 (37.0%) began second-line palliative chemotherapy over the 12-month study period. The
details of the first- and second-line palliative chemotherapy
regimens are shown in Table 1. During first-line palliative
chemotherapy, combination chemotherapy was more common than monotherapy (93.2% vs. 6.8%, respectively). Of the
491 patients who received combination chemotherapy, the
fluoropyrimidine plus platinum doublet regimens were the
most common (401/491, 81.7%), and among these regimens,
the most popular was 5-fluorouracil plus oxaliplatin and

capecitabine plus oxaliplatin. The 36 patients who received
monotherapy as their first-line palliative chemotherapy predominately received fluoropyrimidine (22/36, 61.1%).
Although monotherapy was more frequently used as a second-line palliative chemotherapy (36.4%) than as a first-line
one (6.8%), combination chemotherapy regimens were still
the most popular (63.6%). The most commonly used combination chemotherapy regimens for second-line treatment
were irinotecan plus 5-fluorouracil and fluoropyrimidine
plus platinum. Among the monotherapy regimens, fluoropyrimidine alone was most frequently used, followed by taxane
monotherapy.
3. Efficacy of first-line palliative chemotherapy
During the first-line palliative chemotherapy, tumor
response could be evaluated in 385 patients (Table 2). Among
these response-evaluable patients, 3.1% (12/385) and 27.0%
(104/385) showed a complete response (CR) and a partial
response (PR), respectively; therefore, the objective response
rate was 30.1% (116/385). In addition, 53.8% (207/385) and
16.1% (62/385) of patients showed stable disease (SD) and
PD, respectively. The disease control rate was 83.9% (323/
385).
The median OS and PFS following first-line palliative
chemotherapy were 14.8 months (95% CI, 13.5 to 16.9) and
8.2 months (95% CI, 7.3 to 8.7), respectively (Fig. 2). A comparison of survival outcomes between patients aged < 70 and
 70 years is shown in Fig. 3; the results showed no difference
in either OS or PFS between patients aged < 70 and  70 years

A
1.0

Overall survival
Event
Censored
Median (95% CI, mo)

241
285
14.8 (13.5-16.9)

0.6
0.4
0.2
0

Progression-free survival
Event
Censored
Median (95% CI, mo)

0.8
Survival probability

Survival probability

0.8

B
1.0

n=526

n=526
337
189
8.2 (7.3-8.7)

0.6
0.4
0.2

0

5

10

15
20
Time (mo)

25

30

0

0
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Time (mo)
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Fig. 2. Overall (A) and progression-free survival (B) of first-line palliative chemotherapy. CI, confidence interval.
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< 70 yr
(n=406)
274
132
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13.2-16.4

≥ 70 yr
(n=120)
63
57
16.0
10.6-23.2

0.6
0.4
Age < 70
Age ≥ 70

0.2

B
1.0

Progression-free < 70 yr
survival
(n=406)
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193
Censored
213
Median (mo)
7.8
95% CI
6.5-8.4

0.8
Survival probability

1.0

Overall
survival
Event
Censored
Median (mo)
95% CI

0.6
0.4
Age < 70
Age ≥ 70

0.2

p=0.884

0

0

5

≥ 70 yr
(n=120)
48
72
8.7
7.6-10.6
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Fig. 3. Comparison of overall (A) and progression-free survival (B) of first-line palliative chemotherapy between patients
aged < 70 and  70 years. CI, confidence interval.

(p=0.884 and p=0.216, respectively). According to the presence of previous gastrectomy history, the median OS and
PFS of patients who have undergone gastrectomy were longer
than those without gastrectomy (p < 0.001 and p=0.001,
respectively) (S1 Fig.).
4. QOL during first-line palliative chemotherapy
The change in QOL during the first-line palliative chemotherapy is shown in Fig. 4 and S2 Table. When using Osoba
et al.’s method [15], we observed no “moderate” or “very
much” changes (i.e., a change of  11 points from baseline)
in QOL during first-line palliative chemotherapy. “A little”
change (5-10 points from baseline) was observed in physical
functioning, role functioning, cognitive functioning, global
health status, pain, dyspnea, insomnia, appetite loss, constipation, reflux symptoms, dry mouth, taste, body image, and
hair loss. The physical, role, and cognitive functioning
domains were somewhat worse at certain time points compared to baseline, whereas the other aspects of functioning
did not change. Global health status/QOL showed “a little”
improvement over the baseline value. As for the symptoms,
pain, insomnia, appetite loss, reflux symptoms, and hair loss
showed “a little” improvements at some time points during
the 12 months. Dyspnea, constipation, dry mouth, taste, body
image, and hair loss showed “a little” worsening at some
time points.
As for the change in the best QOL scores compared with
the baseline during first-line palliative chemotherapy, emotional functioning, social functioning, and global health sta-
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tus/QOL showed “a little” improvements with statistical significance (p < 0.05; Wilcoxon signed-rank test). Additionally,
most symptoms showed significant, but "a little" improvements (p < 0.05), except for fatigue, nausea and vomiting,
diarrhea, dysphagia, taste, and body image, none of which
showed significant alterations (p > 0.05).
We compared changes in QOL during first-line palliative
chemotherapy between responders (i.e., patients with CR or
PR) and non-responders (patients with SD or PD) (Table 3).
When the analysis was conducted in patients who received
first-line chemotherapy including all chemotherapy regimens, we found no significant differences in any of the QOL
parameters between the two groups (Table 3). When the
same analyses were conducted for patients who received
oxaliplatin plus fluoropyrimidine (5-fluorouracil or capecitabine) as first-line chemotherapy, eating restrictions by
QLQ-STO22 was found to be significantly improved in
responders compared with non-responders (S3 Table). In
addition, we compared changes in QOL between diseasecontrolled group (i.e., patients with CR, PR, or SD) and disease-uncontrolled group (patients with PD). In patients who
received first-line therapy including all chemotherapy regimens, we found that pain and anxiety by QLQ-STO22 were
significantly improved in disease-controlled group compared with uncontrolled group (S3 Table). In patients who
received oxaliplatin plus fluoropyrimidine as first-line chemotherapy, however, the number of patients who had PD
and answered the follow-up QOL questionnaires (in diseaseuncontrolled group) was too small, and thus statistical analysis could not be carried out.
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Table 3. Change in quality of life during first-line palliative chemotherapy in responders (CR or PR) and non-responders
(SD or PD)
Responders
(CR or PR, n=116)
No.
QLQ-C30
Physical functioning
Baseline
Best score
Change
p-valuea)
Role functioning
Baseline
Best score
Change
p-valuea)
Emotional functioning
Baseline
Best score
Change
p-valuea)
Cognitive functioning
Baseline
Best score
Change
p-valuea)
Social functioning
Baseline
Best score
Change
p-valuea)
Global health status/QOL
Baseline
Best score
Change
p-valuea)
Fatigue
Baseline
Best score
Change
p-valuea)
Nausea and vomiting
Baseline
Best score
Change
p-valuea)
Pain
Baseline
Best score
Change
p-valuea)

Mean±
standard deviation

Non-responders
(SD or PD, n=269)
No.

Mean±
standard deviation

113
93
92

80.53±13.49
78.71±16.19
–1.01±16.51
0.589

250
168
163

76.91±18.41
74.52±20.02
–1.84±20.49
0.588

113
93
92

80.68±21.54
80.65±22.69
–0.72±26.83
0.906

250
168
163

75.13±25.67
70.34±28.04
–2.15±31.49
0.251

113
93
92

76.77±21.66
82.08±20.70
3.80±24.19
0.068

250
168
163

73.77±21.33
79.51±20.29
8.49±21.78
< 0.001

113
93
92

85.69±19.40
85.30±19.17
–1.27±21.14
0.420

250
168
163

86.00±17.34
84.82±19.54
–0.61±21.75
0.397

113
93
92

67.70±32.53
76.52±21.46
8.33±32.26
0.006

250
168
163

70.40±27.77
71.33±28.07
3.17±29.37
0.038

113
93
92

50.59±23.03
60.57±20.60
10.51±26.75
< 0.001

250
168
163

51.50±22.90
57.14±23.22
5.62±24.39
0.003

113
93
92

34.51±21.94
29.99±21.16
–4.95±23.89
0.068

250
168
163

34.76±22.97
36.11±21.37
0.07±26.09
0.589

113
93
92

15.93±20.94
15.59±20.53
–1.27±23.08
0.685

250
168
163

18.67±24.19
15.48±20.92
–4.19±25.95
0.352

113
93
92

20.65±20.45
15.41±20.15
–4.53±23.06
0.033

250
168
163

25.00±25.05
18.25±24.55
–6.75±28.12
0.003

p-valueb)

0.985

0.758

0.089

0.874

0.279

0.271

0.416

0.379

0.934

(Continued to the next page)
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Table 3. Continued
Responders
(CR or PR, n=116)
No.
Dyspnea
Baseline
Best score
Change
p-valuea)
Insomnia
Baseline
Best score
Change
p-valuea)
Appetite loss
Baseline
Best score
Change
p-valuea)
Constipation
Baseline
Best score
Change
p-valuea)
Diarrhea
Baseline
Best score
Change
p-valuea)
Financial difficulties
Baseline
Best score
Change
p-valuea)
QLQ-STO22
Dysphagia
Baseline
Best score
Change
p-valuea)
Pain
Baseline
Best score
Change
p-valuea)
Reflux symptoms
Baseline
Best score
Change
p-valuea)

(Continued to the next page)
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Mean±
standard deviation

Non-responders
(SD or PD, n=269)
No.

Mean±
standard deviation

113
93
92

18.88±21.30
14.70±23.29
–3.62±24.93
0.223

250
168
163

15.07±22.55
16.67±23.92
1.43±27.30
0.006

113
93
92

23.60±29.44
16.49±23.38
–7.25±33.45
< 0.001

250
168
163

22.93±27.35
17.66±27.52
–6.95±32.81
0.282

113
93
92

32.15±33.01
23.30±28.14
–8.70±44.44
0.050

250
168
163

35.73±34.50
30.95±31.08
–5.93±41.73
0.052

113
93
92

23.01±30.56
15.77±22.30
–7.25±31.96
< 0.001

250
168
163

22.93±28.78
15.87±25.26
–9.82±34.33
< 0.001

113
93
92

17.70±27.48
12.54±21.37
–7.25±29.58
0.507

250
168
163

18.13±24.82
11.31±20.58
–5.73±23.89
0.002

113
93
92

34.81±33.74
27.60±26.75
–8.33±33.01
0.021

250
168
163

30.00±31.65
29.76±30.74
–1.64±32.25
0.498

113
93
92

13.08±17.52
10.39±11.68
–2.90±18.48
0.179

250
168
163

16.44±19.03
13.56±16.01
–3.89±21.44
0.083

113
93
92

26.18±18.99
16.04±16.31
–10.33±18.910
< 0.001

250
168
163

27.17±20.79
18.80±19.04
–9.51±21.47
< 0.001

113
93
92

18.39±18.17
12.19±17.65
–6.52±21.74
0.020

250
168
163

18.84±20.73
13.62±17.52
–6.54±19.97
< 0.001

p-valueb)

0.114

0.639

0.577

0.293

0.760

0.098

0.481

0.669

0.886
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Table 3. Continued
Responders
(CR or PR, n=116)
No.
Eating restrictions
Baseline
Best score
Change
p-valuea)
Anxiety
Baseline
Best score
Change
p-valuea)
Dry mouth
Baseline
Best score
Change
p-valuea)
Taste
Baseline
Best score
Change
p-valuea)
Body image
Baseline
Best score
Change
p-valuea)
Hair loss
Baseline
Best score
Change
p-valuea)

Mean±
standard deviation

Non-responders
(SD or PD, n=269)
No.

Mean±
standard deviation

113
93
92

21.46±18.56
14.61±15.43
–7.88±20.83
< 0.001

250
168
163

24.83±22.15
20.49±19.79
–6.60±23.40
< 0.001

113
93
92

38.05±24.97
33.21±23.31
–3.14±28.88
0.468

250
168
163

44.80±25.66
39.42±23.63
–6.34±27.33
0.004

113
93
92

28.61±28.48
25.45±25.73
–3.99±37.58
0.152

250
168
163

27.73±27.62
25.00±27.48
–4.70±32.47
0.040

113
93
92

21.53±28.49
20.79±24.03
–1.81±32.16
0.676

250
168
163

22.80±28.19
21.43±28.56
–3.27±34.98
0.138

113
93
92

33.92±31.80
30.47±30.16
–2.90±34.11
0.432

250
168
163

36.80±32.81
36.71±30.44
–1.64±35.49
0.543

26
56
18

48.72±35.57
30.36±33.20
–18.52±44.61
0.136

54
103
29

42.59±34.52
33.98±28.77
2.30±34.42
0.517

p-valueb)

0.960

0.203

0.838

0.376

0.768

0.334

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; QLQ, Quality of Life Questionnaires;
QOL, quality of life. a)Between best score and baseline, Wilcoxon signed rank test, b)Between responders and non-responders,
Kruskal-Wallis test.

Discussion
This observational study, performed in a real-world setting, provides information on chemotherapy patterns and
changes in chemotherapy-related QOL in Korean patients
with GC. We found that combination therapy was the most
commonly used during first- and second-line palliative
chemotherapy. The most common regimen during first-line
treatment was fluoropyrimidine plus platinum, which
accords with the global treatment pattern for metastatic or

recurrent GC [16]. Furthermore, the median PFS and OS after
first-line palliative chemotherapy were 8.2 and 14.8 months,
respectively. Age did not appear to influence survival outcomes. QOL did not show more than ”a little” change during
first-line palliative chemotherapy, and some QOL domains
(including various aspects of functioning, global health status/QOL, and symptoms) even showed improvements.
Doublet chemotherapy regimens were evidently preferred
for first-line palliative chemotherapy in Korea. A recent retrospective analysis of de-identified patient-level data from
medical charts confirmed this, and specified that fluoropyVOLUME 51 NUMBER 1 JANUARY 2019
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rimidine and platinum agents were most preferred [17]. A
meta-analysis of randomized trials by Wagner et al. [18]
showed that combination chemotherapy led to significantly
better treatment outcomes compared to monotherapy. Several studies have shown that triplet therapy leads to better
outcomes in terms of survival and disease response than
doublet therapy [18,19]. However, these data need to be carefully interpreted because triplet therapies have also been
found to have minimal survival benefit and profoundly
increased toxicities compared with doublet therapy [20].
Accordingly, doublet chemotherapy regimens—which provide greater anticancer effects than monotherapy regimens
and result in lower toxicity than triplet regimens—are preferred by both the National Comprehensive Cancer Network
(NCCN) and European Society for Medical Oncology (ESMO)
guidelines over triplet therapies [20]. Therefore, the present
study verifies that Korean oncologists appear to follow these
guidelines, as they predominantly use fluoropyrimidine plus
platinum doublet therapy over monotherapy or triplet therapy as the first-line treatment. Additionally, in our study,
oxaliplatin was more commonly used than cisplatin in the
fluoropyrimidine plus platinum regimens. Similarly, capecitabine, an oral medication, was more commonly used than
intravenous 5-flurouracil. Oxaliplatin plus 5-flurouracil was
the most widely used first-line therapy in our study, which
accords with the findings of several studies demonstrating
the efficacy and safety of oxaliplatin, leucovorin, and
5-flurouracil combination therapy in Korean patients with
advanced GC, irrespective of their age, for both first-line and
salvage therapy [21,22]. Oxaliplatin plus capecitabine was
also widely used, and might have been preferred in cases
where 5-flurouracil infusion was inconvenient.
A recent randomized phase III study showed that secondline therapy leads to increased OS when compared to supportive care alone [23,24]. In these phase III studies, a single
agent (taxane or irinotecan) was used. While there are no
solid data showing that combination chemotherapy is superior to monotherapy in second-line therapy for GC, it is
interesting that Korean oncologists still prescribed combination chemotherapy more frequently than monotherapy during the second-line treatment as was found for the first-line
treatment. However, the prescription frequency of combination therapy decreased to 63.6% for second-line therapy from
the 93.2% for first-line therapy. This is possibly because of
the increased number of patients found to be intolerant to
combination chemotherapy in the second-line therapy setting.
There is an overall lack of research on QOL in patients with
GC treated with first-line palliative chemotherapy in realworld settings, although there have been several previous
clinical trials showing that both OS and QOL in patients with
advanced GC can be improved via first-line palliative
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chemotherapy [4,5]. In our study, GC patients were given
various chemotherapy agents and we focused on the QOL
outcomes thereof. During first-line palliative chemotherapy,
we observed no “moderate” or “very much” changes from
the baseline. However, global health status/QOL showed
maintained or slightly improved scores. Some domains of
functioning and symptoms also showed slight improvements. When comparing the best QOL score with the baseline score, we observed that some domains of functioning,
global health, and nearly all symptoms showed improvements. These findings indicate that, overall, QOL did not
deteriorate in patients with GC during first-line palliative
chemotherapy, and was in fact well-maintained.
In addition, when we compared changes in QOL according
to tumor response, more improvement in a few QOL parameters was observed in patients whose tumors were shrunk or
controlled by palliative chemotherapy than in those whose
tumors were not (S3 and S4 Tables). However, changes in
most QOL parameters did not significantly differ according
to tumor response (Table 3, S3 and S4 Tables). Because we
collected the QOL data for first-line chemotherapy every 3
months instead of collecting data at the time point of tumor
progression or afterward, most QOL data were gathered
while first-line chemotherapy was actively conducted and
tumors were well controlled. Therefore, our observation suggests that QOL might be well-maintained regardless of the
magnitude of the tumor response if the tumor is effectively
controlled by first-line palliative chemotherapy. The changes
in QOL might be also different according to the type of
administered chemotherapy regimens. In our analyses, the
changes in QOL according to tumor response seemed to be a
little bit dependent on chemotherapy regimens (all regimens
[Table 3] vs. oxaliplatin plus fluoropyrimidine [S3 Table]),
although this finding is not conclusive. As sample size in
each chemotherapy regimen was not large enough, we could
not analyze the changes in QOL per each chemotherapy regimen.
In a previous population-based outcomes study, we identified several barriers for older patients in seeking out highquality medical resources or receiving appropriate treatment.
That study showed that age was not an independent prognostic factor for survival in metastatic GC [25]. Furthermore,
in older patients with GC, combination chemotherapy might
be more effective than monotherapy [26]. Chemotherapy is
generally recommended for older cancer patients who have
good performance status [27]. In our study, there was no difference in OS or PFS between patients aged < 70 and  70
years. This finding suggests that older patients with GC who
have adequate performance status and medical conditions
for receiving chemotherapy will derive roughly the same
benefit from first-line palliative chemotherapy as younger
patients. In addition, patients with prior gastrectomy had
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longer OS and PFS than those without gastrectomy. This
finding is in accordance with previous studies, which
showed the tendency of better prognosis in patients with previous gastrectomy [28,29]. This could be attributed to leadtime bias for early detection of metastatic disease following
regular surveillance after radical gastrectomy or different
biological characteristics between recurrent disease and initially metastatic disease.
This study has some limitations. First, QOL might differ
according to chemotherapy regimens. However, to ensure
that the conditions of this study were as realistic as possible,
we did not limit the chemotherapy regimens included. Second, participants’ compliance with completing the QOL
questionnaires decreased from 95.07% (501/527 patients) to
75.76% (25/33 patients) by the end of the 12-month study
period. This trend was similar to the compliance observed
for the QLQ-C30 scale in the RAINBOW study [30]. Therefore, patients’ compliance with QOL questionnaires until the
end of the observational study should be carefully monitored
to assess QOL-related study outcomes. Third, there were no
independent reviews of tumor response or disease progression. In addition, tumor evaluation interval using imaging
studies was not predefined in this study. These could have
influenced the outcome measures. However, we tried to
avoid administrative barriers to be able to enroll all patients
consecutively because we wanted to represent real-world
practice. Lastly, according to the prior use of adjuvant
chemotherapy, types of adjuvant chemotherapy regimens
and disease-free interval in cases with recurrent GC after curative gastrectomy, the selection of first-line chemotherapy
regimens would be different. But, information on adjuvant
chemotherapy was not collected in this study.
This study gives some insight into the actual treatment patterns and outcomes among patients with unresectable or
metastatic/recurrent GC. By providing data on palliative
chemotherapy used in real-world settings in Korea, we hope
to improve available guidelines on the treatment of GC. Our
study also showed that QOL is well maintained or at least
does not deteriorate during first-line palliative chemotherapy. The best QOL scores for most parameters also showed
improvement during chemotherapy compared with baseline.
This study will help physicians in determining whether
chemotherapy will be conducted and which chemotherapy
regimens would be selected in patients with advanced GC.
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Purpose
We compared oncologic outcomes of patients with upper tract urothelial carcinoma (UTUC)
who underwent open nephroureterectomy (ONU) or laparoscopic nephroureterectomy (LNU).
Materials and Methods
Consecutive cases of ONU and LNU between 2000 and 2012 at five participating institutions were included in this retrospective analysis. Clinical characteristics and pathologic outcomes were compared between the two surgical approaches. The influence of the type of
surgical approach on intravesical recurrence-free survival (IVRFS), progression-free survival
(PFS), cancer-specific survival (CSS), and overall survival (OS) was analyzed using the
Kaplan-Meier method and differences were assessed with the log-rank test. Predictors of
IVRFS, PFS, CSS, and OS were also analyzed with a multivariable Cox regression model.
Results
A total of 1,521 patients with UTUC were eligible for the present study (ONU, 906; LNU,
615). The estimated 5-year IVRFS (57.8 vs. 51.0%, p=0.010), CSS (80.4 vs. 76.4%,
p=0.032), and OS (75.8 vs. 71.4%, p=0.026) rates were significantly different between the
two groups in favor of LNU. Moreover, in patients with locally advanced disease (pT3/pT4),
the LNU group showed better 5-year IVRFS (62.9 vs. 54.1%, p=0.038), CSS (64.3 vs. 56.9%,
p=0.022), and OS (60.4 vs. 53.1%, p=0.018) rates than the ONU group. Multivariable Cox
regression analyses showed that type of surgical approach was independently associated
with IVRFS, but was not related to PFS, CSS, and OS.
Conclusion
Our findings indicate that LNU provided better oncologic control of IVRFS, CSS, and OS compared with ONU for the management of patients with UTUC.
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Introduction

Materials and Methods

Upper tract urothelial carcinoma (UTUC) arising from the
urothelium that lines the ureter and renal pelvis is a rare
malignancy and accounts for only 5% of all urothelial carcinomas [1,2]. Although kidney-sparing surgery can be carried
out in selected patients with low-risk UTUC, radical nephroureterectomy (RNU) with bladder cuff excision is considered the current standard of management for the majority of
non-metastatic UTUCs [3]. The conventional surgical
approach for RNU has been open nephroureterectomy
(ONU). Recently, a shift toward minimally invasive treatments has emerged, and laparoscopic nephroureterectomy
(LNU) has increasingly been used as an accepted alternative
to ONU. LNU has been associated with reduced blood loss,
faster recovery, and shorter hospital stay compared with
ONU [4]. However, there remain some concerns about
oncologic safety following LNU because of a higher risk of
recurrence due to the high-pressure environment of the
pneumoperitoneum, and the oncologic outcomes between
ONU and LNU remain controversial.
In recent years, numerous studies have been conducted to
compare the oncologic efficacy of ONU and LNU in patients
with UTUC [5-13]. The comparative outcomes of these studies were various, without a definitely accepted conclusion on
which surgical approach was more beneficial for patients
with UTUC. Although a large number of studies in patients
with UTUC undergoing RNU have shown no difference in
recurrence-free survival (RFS), cancer-specific survival (CSS),
or overall survival (OS) based on the type of surgical
approach [5-10], some studies have shown an association of
LNU with inferior CSS and OS in locally advanced UTUC
[5,13]. In contrast, other studies reported that LNU could
improve the CSS [11,12,14]. Thus, it is not fully established
whether LNU is an effective and safe substitute for ONU in
the treatment of UTUC. Furthermore, the results of previous
retrospective studies were limited by the small number of
patients and single-institution experience.
Knowledge of the efficacy of the two different surgical
approaches is essential not only to guide patient counseling
and clinical decision making, but also to develop clinical
practice guidelines. The aim of this study was to compare the
oncologic outcomes between ONU and LNU approaches in
a large population obtained from a multicenter collaborative
group. We also evaluated predictive factors associated with
oncologic outcomes.

1. Study population
In this institutional review board–approved study, medical
records of patients with non-metastatic UTUC undergoing
ONU or LNU at five tertiary medical centers in the Urothelial
Cancer-Advanced Research and Treatment Study Group
between 2000 and 2012 were retrospectively reviewed.
Patients who had previous or concomitant radical cystectomy, a bilateral tumor, and those who were treated with
neoadjuvant chemotherapy were excluded from this study.
Clinicopathologic variables recorded included age at surgery, sex, body mass index, American Society of Anesthesiologists score, previous bladder cancer, concomitant bladder
cancer, tumor location, pathological tumor stage, tumor
grade, the presence of lymphovascular invasion (LVI) or concomitant carcinoma in situ (CIS), lymph node status, receipt
of adjuvant chemotherapy, follow-up, and oncologic outcomes. Tumor staging was assessed according to the 2010
American Joint Committee on Cancer/Union Internationale
Contre le Cancer (Tumor-Node-Metastasis classification)
[15]. Tumor grading was determined based on the 1998
World Health Organization/International Society of Urologic Pathology consensus classification [16]. LVI was
defined as the presence of tumor cells within an endothelium-lined space without underlying muscular walls [17].
2. Surgical procedures
The indications for ONU or LNU were mainly based on
the surgeon’s discretion and the patient's informed consent
after counseling regarding the procedures. If LNU was converted to ONU, the patients were only included in ONU
group. The techniques of ONU and LNU have previously
been reported [13,18]. ONU was performed according to
standard criteria through a flank incision combined with a
lower abdominal incision (Gibson, Pfannenstiel, or median)
for the distal ureter and the bladder. A bladder cuff excision
was performed through either an intravesical or extravesical
approach. LNU was also performed according to standard
criteria using either the transperitoneal or retroperitoneal
approach. Regional or extended lymphadenectomy was performed in patients with suspicious lymphadenopathies on
preoperative imaging or intraoperative examination regardless of the open or laparoscopic method.
3. Follow-up regimen
Although postoperative follow-up was not standardized
because of the retrospective nature of this study, patients
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were generally followed up every 3-4 months during the first
2 years after surgery, every 6 months for the next 2-3 years,
and annually thereafter. Patients underwent physical examinations with laboratory tests, urinary cytology, cystoscopy,
chest radiography, and computed tomography scans for
abdomen and pelvis at each visit. Bone scintigraphy scan or
chest computed tomography was performed when clinically

indicated. The intravesical recurrence-free survival (IVRFS)
was defined as time from RNU to tumor relapse in the bladder. The progression-free survival (PFS) was defined as time
from RNU to local recurrence (tumor relapse in operative
field) or distant metastasis. The CSS and OS were defined as
time from RNU to death due to UTUC and due to any cause,
respectively.

Table 1. Descriptive characteristics of patients treated with either ONU or LNU for upper tract urothelial carcinoma
Characteristic
Age (yr)
Male sex
BMI (kg/m2)
ASA score
1
2
3
Missing/Unknown
Previous bladder cancer
Concomitant bladder cancer
Tumor laterality
Right
Left
Tumor location
Renal pelvis
Ureter
Both renal pelvis and ureter
Pathological T stage
pTis/pTa
pT1
pT2
pT3
pT4
Tumor grade
Low grade
High grade
Missing/Unknown
Concomitant LVI
Concomitant CIS
Pathological N stage
pNx
pN0
 pN1
Adjuvant chemotherapy
Length of follow-up (mo)

All patients
(n=1,521)

ONU
(n=906, 59.6%)

LNU
(n=615, 40.4%)

p-value

65.0 (57.0-72.0)
1,127 (74.1)
24.3 (22.2-26.1)

65.0 (57.0-72.0)
665 (73.4)
24.1 (22.0-26.0)

64.0 (57.0-72.0)
462 (75.1)
24.5 (22.7-26.5)

0.627
0.452
0.003

388 (25.5)
1,004 (66.0)
93 (6.1)
36 (2.4)
180 (11.8)
107 (7.0)

254 (28.0)
565 (62.4)
56 (6.2)
31 (3.4)
118 (13.0)
64 (7.1)

134 (21.8)
439 (71.4)
37 (6.0)
5 (0.8)
62 (10.1)
43 (7.0)

0.017

691 (45.4)
830 (54.6)

418 (46.1)
488 (53.9)

273 (44.4)
342 (55.6)

0.502

682 (44.8)
565 (37.1)
274 (18.0)

398 (43.9)
328 (36.2)
180 (19.9)

284 (46.2)
237 (38.5)
94 (15.3)

0.073

235 (15.5)
404 (26.6)
255 (16.8)
592 (38.9)
35 (2.3)

143 (15.8)
234 (25.8)
143 (15.8)
358 (39.5)
28 (3.1)

92 (15.0)
170 (27.6)
112 (18.2)
234 (38.0)
7 (1.1)

0.361

485 (31.9)
993 (65.3)
43 (2.8)
332 (21.8)
214 (14.1)

279 (30.8)
603 (66.6)
24 (2.6)
218 (24.1)
124 (13.7)

206 (33.5)
390 (63.4)
19 (3.1)
114 (18.5)
90 (14.6)

0.239

773 (50.8)
631 (41.5)
117 (7.7)
340 (22.4)
54.9 (32.7-89.7)

490 (54.1)
329 (36.3)
87 (9.6)
211 (23.3)
62.0 (31.3-110.7)

283 (46.0)
302 (49.1)
30 (4.9)
129 (21.0)
48.9 (33.5-72.7)

0.081
0.957

0.010
0.602
< 0.001

0.288
< 0.001

Values are presented as number (%). The Shapiro-Wilk normality test was used to investigate the normal distribution of
continuous variables. Continuous and non-normally distributed variables are presented as medians with interquartile ranges.
ONU, open nephroureterectomy; LNU, laparoscopic nephroureterectomy; BMI, body mass index; ASA, American Society
of Anesthesiologists; LVI, lymphovascular invasion; CIS, carcinoma in situ.
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Table 2. Survival outcomes after open or laparoscopic nephroureterectomy
All patients
(n=1,521)
IVRFS
No. of events (%)
Time to recurrence (mo)
Estimated 5-year IVRFS (%)
PFS
No. of events (%)
Time to progression (mo)
Estimated 5-year PFS (%)
CSS
No. of events (%)
Time to cancer-specific death (mo)
Estimated 5-year CSS (%)
OS
No. of events (%)
Time to deaths from any cause (mo)
Estimated 5-year OS (%)

ONU
(n=906)

LNU
(n=615)

p-value

631 (41.5)
8.5 (4.8-15.9)
53.8 (

396 (43.7)
8.1 (4.7-16.0)
51.0 (

235 (38.2)
9.5 (5.1-15.8)
57.7 (

0.033
0.277
0.010

427 (28.1)
11.1 (5.6-24.2)
70.8 (

272 (30.0)
11.1 (4.9-26.2)
68.9 (

155 (25.2)
11.0 (6.8-21.2)
73.9 (

0.040
0.780
0.079

342 (22.5)
24.8 (14.2-40.3)
78.0 (

229 (25.3)
24.2 (13.0-41.9)
76.4 (

113 (18.4)
25.5 (15.5-38.9)
80.4 (

0.002
0.625
0.032

453 (29.8)
27.1 (14.5-45.4)
73.1 (

307 (33.9)
27.5 (13.9-53.8)
71.4 (

146 (23.7)
26.7 (15.5-40.1)
75.8 (

< 0.001
0.504
0.026

The Shapiro-Wilk normality test was used to investigate the normal distribution of continuous variables. Continuous and
non-normally distributed variables are presented as medians with interquartile ranges. ONU, open nephroureterectomy;
LNU, laparoscopic nephroureterectomy; IVRFS, intravesical recurrence-free survival; PFS, progression-free survival; CSS,
cancer-specific survival; OS, overall survival.

4. Statistical analyses

5. Ethical statement

Median and interquartile range (IQR) were used to
describe quantitative variables, and frequency and percentage were used for qualitative variables. Clinical characteristics and pathological outcomes were compared between two
surgical approaches (ONU vs. LNU). The Shapiro-Wilk normality test was used to investigate the normal distribution
of continuous variables. Continuous variables were compared using the Mann-Whitney U test whereas categorical
variables were compared using the chi-square test. The
influence of the type of surgical approach on IVRFS, PFS,
CSS, and OS in the entire study group and pathological T
stage subgroups was analyzed using the Kaplan-Meier
method and differences were assessed with the log-rank test.
Multivariable Cox proportional hazard models were used to
evaluate the associations between risk factors of interest and
intravesical tumor recurrence, progression, death from
UTUC, and death from all causes. Statistical significance in
this study was set at p < 0.05. All reported p-values are twosided. Statistical analyses were performed with SPSS for
Windows, ver. 21.0 (IBM Corp., Armonk, NY).

The institutional review board of each study site approved
the study protocol. The study protocol was conducted
according to the ethical guidelines of the World Medical
Association Declaration of Helsinki Ethical Principles for
Medical Research Involving Human Subjects. The requirement for written informed consent was waived by the institutional review board.

Results
Overall, 1,521 patients were included in the present study.
Of these, 906 (59.6%) underwent ONU and 615 (40.4%)
underwent LNU. Median age was 65 years (IQR, 57 to 72)
and 74.1% (1,127/1,521) of the patients were male. Median
follow-up duration was 54.9 months (IQR, 32.7 to 89.7). The
clinical and pathological details for each of the groups are
described in Table 1. Relative to the ONU group, patients in
the LNU group had significantly higher body mass index
(p=0.003), higher American Society of Anesthesiologists
score (p=0.017), less LVI (p=0.010), were less likely to have
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Fig. 1. Cumulative survival of 1,521 patients after radical nephroureterectomy for upper tract urothelial carcinoma, stratified
by surgical approach. (A) Intravesical recurrence-free survival. (B) Progression-free survival. (C) Cancer-specific survival.
(D) Overall survival. LNU, laparoscopic nephroureterectomy; ONU, open nephroureterectomy.

lymph node metastases (p < 0.001), and had a shorter followup duration (p < 0.001).
Survival outcomes are summarized in Table 2. During follow-up, there were 631 (41.5%) intravesical recurrences,
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including 396 (43.7%) in the ONU group and 235 (38.2%) in
the LNU group. The 5-year IVRFS estimates were 51.0% and
57.7% for patients treated with ONU or LNU, respectively,
and this difference was statistically significant (p=0.010)
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Fig. 2. Cumulative survival of 894 patients with organ-confined disease (pTis/pTa/pT1/T2) after radical nephroureterectomy for upper tract urothelial carcinoma, stratified by surgical approach. (A) Intravesical recurrence-free survival. (B) Progression-free survival. (C) Cancer-specific survival. (D) Overall survival. LNU, laparoscopic nephroureterectomy; ONU,
open nephroureterectomy.
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Fig. 3. Cumulative survival of 627 patients with locally advanced disease (pT3/pT4) after radical nephroureterectomy for
upper tract urothelial carcinoma, stratified by surgical approach. (A) Intravesical recurrence-free survival. (B) Progressionfree survival. (C) Cancer-specific survival. (D) Overall survival. LNU, laparoscopic nephroureterectomy; ONU, open
nephroureterectomy.
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Age (continuous)
Sex
Male
Female
Body mass index (continuous)
ASA
1
2
3
Surgical approach
ONU
LNU
Previous bladder cancer
No
Yes
Concomitant bladder cancer
No
Yes
Tumor laterality
Right
Left
Tumor location
Renal pelvis
Ureter
Both renal pelvis and ureter
Pathological T stage
pTis/pTa/pT1/pT2
pT3/pT4
Tumor grade
Low
High
Concomitant LVI
No
Yes

Characteristic

Reference
0.99
0.80-1.22
Reference
1.51
1.13-2.02
Reference
1.66
1.17-2.36
Reference
0.93
0.76-1.13

0.518
0.273

0.021

Reference
1.94
1.46-2.57 < 0.001

0.770
0.116

0.300

0.576

0.795

Reference
0.82
0.69-0.97
Reference
1.81
1.44-2.29 < 0.001

0.485

Reference
1.07
0.88-1.30
1.22
0.85-1.75

Reference
0.95
0.81-1.11
Reference
0.97
0.81-1.17
1.21
0.96-1.52
Reference
0.90
0.73-1.10
Reference
1.06
0.88-1.27
Reference
0.97
0.77-1.22

0.235
0.047

0.439

0.005

0.005

0.935

0.092
0.800

0.116
0.119

0.007

p-value

Reference
1.76
1.40-2.20 < 0.001

Reference
2.25
1.64-3.09 < 0.001

Reference
2.62
2.03-3.36 < 0.001

Reference
1.15
0.91-1.44
1.32
1.00-1.73

Reference
0.82
0.65-1.03
0.95
0.61-1.46

Reference
1.19
0.96-1.48
0.98
0.94-1.01

1.00-1.03

95% CI

0.144
0.132

1.02

HR

Reference
0.87
0.71-1.05
0.98
0.95-1.01

p-value
0.749

95% CI

PFS

0.99-1.01

1.00

HR

IVRFS
p-value

0.186
0.111

0.621

0.003

0.001

0.612

0.754
0.566

Reference
1.90
1.49-2.44 < 0.001

Reference
1.99
1.40-2.83 < 0.001

Reference
3.15
2.36-4.20 < 0.001

Reference
1.19
0.92-1.53
1.28
0.95-1.73

Reference
0.95
0.76-1.18

Reference
1.78
1.22-2.61

Reference
1.74
1.26-2.40

Reference
0.94
0.74-1.19

Reference
0.96
0.73-1.26
1.15
0.72-1.85

0.477
0.435

1.02-1.04 < 0.001

95% CI

Reference
1.09
0.85-1.40
0.99
0.95-1.02

1.03

HR

CSS
p-value

0.178
0.153

0.778

0.003

0.018

0.602

0.951
0.199

Reference
1.85
1.48-2.31 < 0.001

Reference
1.69
1.28-2.22 < 0.001

Reference
2.35
1.85-2.99 < 0.001

Reference
1.16
0.93-1.45
1.22
0.93-1.59

Reference
0.97
0.80-1.18

Reference
1.66
1.18-2.32

Reference
1.43
1.06-1.92

Reference
0.95
0.77-1.17

Reference
0.99
0.78-1.27
1.30
0.87-1.94

0.977
0.083

1.03-1.05 < 0.001

95% CI

Reference
1.00
0.80-1.24
0.97
0.94-1.00

1.04

HR

OS

Table 3. Multivariable Cox proportional hazard regression analyses to predict intravesical tumor recurrence, progression, death from upper tract urothelial carcinoma, and all-cause death in 1,521 patients with upper tract urothelial carcinoma treated with radical nephroureterectomy
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IVRFS, intravesical recurrence-free survival; PFS, progression-free survival; CSS, cancer-specific survival; OS, overall survival; HR, hazard ratio; CI, confidence
interval; ASA, American Society of Anesthesiologists; ONU, open nephroureterectomy; LNU, laparoscopic nephroureterectomy; LVI, lymphovascular invasion;
CIS, carcinoma in situ.
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Reference
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(Fig. 1A). The total number of patients showing progression
in ONU and LNU groups was 272 (30.0%) and 155 (25.2%),
respectively. The 5-year PFS estimates for ONU and LNU
were 68.9% and 73.9% respectively, which was not significantly different (p=0.079) (Fig. 1B). Overall, 453 (29.8%)
patients died during the study period, including 307 (33.9%)
in the ONU group and 146 (23.7%) in the LNU group, and
342 UTUC-related deaths occurred (229 in ONU group and
113 in LNU group). The 5-year CSS estimates and the 5-year
OS were 76.4% and 71.4% respectively for patients treated
with ONU versus 80.4% and 75.8% for patients treated with
LNU. The LNU group showed better 5-year CSS (p=0.032)
(Fig. 1C) and OS (p=0.026) (Fig. 1D) than the ONU group.
When patients were stratified by pathological T stage, the
5-year IVRFS (p=0.078), PFS (p=0.775), CSS (p=0.994), and
OS (p=0.859) of the two groups were similar for patients with
organ-confined disease (pTis/pTa/pT1/T2) (Fig. 2). In contrast, 5-year IVRFS (p=0.038) (Fig. 3A), CSS (p=0.022) (Fig. 3C),
and OS (p=0.018) (Fig. 3D) were significantly different
between the two groups in favor of LNU for patients with
locally advanced disease (pT3/pT4). No significant difference in the 5-year PFS (p=0.067) was observed when comparing the two groups for patients with locally advanced
disease (pT3/pT4) (Fig. 3B).
The results of the multivariable Cox regression analysis are
shown in Table 3. A history of previous bladder tumor and
presence of concomitant bladder tumor were independent
predictive factors of intravesical tumor recurrence, progression, death from UTUC, and all-cause death. Age, pathological T stage, tumor grade, presence of concomitant LVI,
presence of concomitant CIS, and pathological N stage were
significantly associated with progression, death from UTUC,
and all-cause death. The surgical approach was revealed as
an independent prognostic factor for intravesical tumor
recurrence, but was not related to progression, death from
UTUC, and all-cause death.

Discussion
The current gold standard treatment for UTUC is RNU
with bladder cuff excision [3]. ONU, the conventional surgical approach that supports favorable cancer control, has long
been accepted as the standard surgical approach for UTUC,
especially for large or locally advanced UTUC. Recently,
minimally invasive approaches, such as LNU or robotic
nephroureterectomy, have gained wide acceptance as viable
alternatives to traditional ONU due to their faster recovery
time and a decreased likelihood of perioperative complications. Actually, after the first successful LNU procedure in
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1991 by Clayman et al. [19], widespread use of LNU was initially limited by concerns over tumor cell dissemination in a
pneumoperitoneal environment and the significant operator
learning curve. With increased operative skills and the
demonstration of comparable oncologic outcomes, utilization of LNU has gradually increased. In the United States,
utilization of LNU or robotic nephroureterectomy increased
from 57.7% to 71.5% from 2010 to 2013, whereas use of ONU
decreased from 42.3% to 28.6% [20].
Numerous studies have evaluated the oncologic outcomes
of ONU versus LNU and demonstrated comparable oncologic results between the two different surgical techniques
[5-13]. A randomized trial by Simone et al. [5] compared 40
ONU patients with 40 LNU patients. They found that IVRFS,
metastasis-free survival, and CSS were not significantly different between the two groups at a median follow-up of 44
months. The 5-year CSS was 89.9% and 79.8% for the ONU
and LNU patients, respectively (p=0.2). Similarly, several
multicenter retrospective studies showed oncologic equivalence between ONU and LNU with regard to RFS and CSS
[8,9]. Walton et al. [8] retrospectively evaluated 703 ONU
patients and 70 LNU patients at nine centers worldwide with
median follow-up of 34 months. They reported 5-year RFS
of 73.7% and 63.4% (p=0.124) and 5-year CSS of 75.4% and
75.2% (p=0.897) for the ONU and LNU groups, respectively.
Likewise, Ariane et al. [9] also demonstrated that LNU could
provide equivalent oncologic outcomes compared to ONU
with median follow-up of 27 months in a large French multicenter collaborative study. In their study, no significant difference was observed in the 5-year RFS between the ONU
(50.7%) and LNU (52.2%) patients (p=0.7). The 5-year CSS
was 78% for the ONU patients and 90.7% for the LNU
patients, but this difference was not statistically significant
(p=0.06). Of note, in subgroup analysis by tumor stage, there
were no significant differences between the two procedures
in the 5-year RFS or the 5-year CSS for any of the pathological
tumor stages. A meta-analysis published by Ni et al. [14]
including 21 publications also reported no significant differences in the 5-year RFS and 5-year OS between LNU and
ONU. However, a few studies have reported that 5-year CSS
and OS rates were lower in LNU patients than in ONU
patients with locally advanced disease. Simone et al. [5]
reported that CSS was significantly different between the
two surgical techniques in favor of ONU for pT3 tumors
(p=0.039). A retrospective comparative analysis by Kim et al.
[13] demonstrated that LNU patients showed inferior 5-year
CSS (p=0.015) and OS (p=0.027) compared with ONU
patients. Moreover, the 5-year CSS and OS for pT3/pT4
tumors were significantly lower in the LNU patients than in
the ONU patients (p=0.005 and p=0.007, respectively).
In contrast to these results, two comprehensive metaanalyses in the literature reported that LNU was superior to

ONU in terms of CSS. Zhang et al. [12] conducted a systemic
review and meta-analysis to evaluate the oncologic outcome
associated with two different surgical approaches (ONU and
LNU) across 21 retrospective studies. They demonstrated
that LNU showed better CSS compared with ONU (hazard
ratio, 0.79; 95% confidence interval, 0.68 to 0.91). Likewise,
Ni et al. reported that the 5-year CSS rate was notably higher
for patients who underwent LNU (9%) than for those who
underwent ONU (p=0.03) [14]. In this study, IVRFS was significantly lower in LNU patients, at 17% (p=0.02).
The present study from the Urothelial Cancer-Advanced
Research and Treatment study group extended previous
studies to evaluate the associations between surgical
approach and oncologic outcomes in a larger cohort of
patients with UTUC. The 5-year CSS of this study was 76.4%
and 80.4% for ONU and LNU, respectively. These data were
similar to those of previous studies, which reported 5-year
CSS of 73-90% and 75-91% for ONU and LNU patients,
respectively [5,6,8,9]. A summary of our results shows significant differences in IVRFS, CSS, and OS between ONU
and LNU. The 5-year IVRFS, CSS, and OS rates were lower
in the ONU group than in the LNU group and the benefit of
LNU was especially apparent in the subgroup with locally
advanced disease (pT3/pT4). The type of surgical approach
for RNU was not a significant predictor of oncologic results;
significance was achieved for IVRFS, but not for PFS, CSS,
and OS. However, these results should be interpreted with
caution. The reason for superiority of oncologic outcomes in
the LNU group is uncertain and might be affected by several
factors, including patient’s clinical and pathological characteristics, surgical experience, and extent of regional lymph
node dissection [21]. Above all, it could be mainly affected
by selection bias. The choice of surgical approach was usually determined by the surgeon’s preference in addition to
the patient’s baseline characteristics. Although absolute
indications for each surgical approach are not clearly
defined, it is important to select appropriate patients to
ensure optimal oncologic outcomes and safety. Many surgeons performing LNU tend to select patients who generally
have a good comorbidity profile and typically offer the ONU
procedure to patients with more aggressive and bulky UTUC.
Therefore, although there were no differences in pathological
T stage and tumor grade between two surgical approaches
it is possible that ONU patients had more aggressive tumors,
which may have affected the oncologic outcome. Indeed, the
LNU group was less likely to have lymph node metastases
relative to the ONU group in the present study (Table 1).
The present study has some other limitations. Foremost,
due to the retrospective and nonrandomized study design,
unidentified confounding variables may have been present.
Second, multiple surgeons in five different centers performed ONU and LNU. Thus, the individual learning curve
VOLUME 51 NUMBER 1 JANUARY 2019
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of each surgeon could have been a source of bias. Furthermore, the patients analyzed in ONU and LNU groups are not
contemporary; the outcomes from the ONU group are based
on less contemporary patient cohorts. Because we did not
consider the effect of surgeon or time period, it remains
unclear whether these factors influenced the results. Third,
although all participating centers in this study usually followed recommendations and institutional protocols [3], there
was a lack of standardization of the selection criteria and surgical approaches. In addition, we excluded patients with
largely incomplete information from our analysis, which
could possibly create selection bias. As previously mentioned, this selection bias might affect evaluation of the real

impact of surgical approach on oncologic outcomes.
The present study shows that LNU provided better oncologic control of IVRFS, CSS, and OS compared to ONU for
the management of patients with UTUC. The clinical benefit
was more pronounced among patients with locally advanced
disease. Further multicenter randomized trials are necessary
to definitively prove that LNU is a safe alternative surgical
approach to ONU in patients with UTUC, especially those
with more advanced disease.
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Purpose
We investigated the role of tumor-associated macrophages (TAMs) on the epithelial to mesenchymal transition (EMT) of colorectal cancer cells and determined the potential mechanism involved in the metastatic process.
Materials and Methods
In this study, flow cytometry was used to detect the expression of target proteins. We used
transwell assay to evaluate the migration of cancer cells under specific conditions. Using
real-time polymerase chain reaction, we examined the expressions of cytokines and EMTrelated markers in mRNA level. Animal assay was performed for analysis in vivo and hematoxylin and eosin was used to visualize the effect of TAMs on tumor metastasis. We also
used immunohistochemistry and Western blotting to detect the expression of target proteins.
Results
Here, we observed enrichment of TAMs in colorectal tumor tissues, resulting in high metastasis in clinical therapy. Moreover, those TAMs could facilitate the EMT progression of colorectal cancer cells, which is induced by the transforming growth factor- (TGF-) derived
from TAMs, leading to the invasion and migration of cancer cells.
Conclusion
Our results demonstrated that TAMs contributed the EMT progression through a TGF-/
Smad2,3-4/Snail signaling pathway, and disrupting this pathway with TGF- receptor
inhibitor could suppress metastasis, readjusting our focus to the connection of TAMs and
cancer metastasis.

Introduction
Colorectal carcinoma is the second most common cause of
cancer-associated death worldwide [1,2]. Though half of colorectal cancer patients showed a positive initial response that
benefited from the successful surgery or multimodal treatment [3], many patients had worse treatment efficiency and
dismal prognosis which were considered to be induced by
visceral metastasis [3]. Moreover, the 5-year survival for
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patients with metastasis was lower than those who had no
metastasis [4]. However, the specific molecular mechanisms
underlying the development of metastasis in colorectal cancer remain unclear [5]. Hence, identifying the drivers that
influence the distant metastasis may lay an important foundation to make progress in the diagnosis and therapy for colorectal cancer patients.
Given the potential role on clinical treatment, a better
understanding of the mechanism of distant metastases in colorectal cancer is critical. Increasing evidences reveals cancer
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metastasis depends on various curial factors, including
up-regulation of integrins [6] and E-cadherin [7,8], epithelial–mesenchymal transition (EMT) progression of tumor
cells [9], hypoxia [10], tumor microenvironment [11] and so
on [12]. EMT was initially reported as a tightly regulated lineage change during gastrulation, neural crest delamination,
heart valve formation, and embryonic development. Recently, increasing attention has been attracted for the important
role of EMT in cancer metastasis [13]. A lot of molecules are
responsible for the EMT in the tumor cells, including inflammatory cytokines, growth factors and numerous transcription factors. In recent years, the tumor microenvironment has
received attention as an important determination of cancer
cells metastasis, among which tumor-associated macrophages (TAMs) have been reported to play a prominent functional role in cancer behaviors [14]. TAMs are the major
inflammatory component in many tumor microenvironments, which affect different aspects of tumor behaviors [15],
including participation in tumor growth in several ways,
such as transforming growth factor- (TGF-) secretion [16],
remodeling of tumor microenvironment, inflammation suppression [17] and so on. TGF- is one of the major endogenous regulators of cell growth, which shows enhanced
expression in various human cancers, including breast cancer, colorectal cancer, pancreatic cancer and so on [18]. TGF participates in multifarious tumor progress, including
potent immunosuppressive effects, EMT progression of
tumor cells [19]. Increasing evidences demonstrated that
TAMs facilitate distant metastasis in various tumors [20],
including lung cancers, breast cancer and so on. However,
the specific mechanism of metastasis induced by TAMs is
still unclear and it is a challenge to inhibit the metastasis of
colorectal cancer in clinic therapy.
In our study, our aim is to reveal the expressional profile
of TAMs in the colorectal cancers and investigate its potential
role in the metastatic progress. Moreover, finding the underlying mechanism involved in the colorectal cancer metastasis
may lay an important foundation for the clinical treatment.
We examined enriched TAMs in tumor tissues from colorectal patients with high metastasis, which was proved to facilitate tumor cells migration and neoplasm metastasis. Furthermore, our study reveals that TAMs promote the progression of EMT in colorectal cancer cells through the secretion
of TGF-, resulting in the lung metastasis. TGF- regulates
the EMT progression through activation of Smad2,3-4/
Snail/E-cadherin signaling pathway. Blockade of TGF-/
TGF- receptor synapse with TGF- receptor inhibitor suppresses colorectal cancer cells lung metastasis.

Table 1. The clinical characteristics of patients used in the
paper
No. (%) (n=40)
Age (yr)
 60
< 60
Sex
Female
Male
Tumor size (mm)
 40 (large)
< 40 (small)
Metastasis
Absent
Present

24 (60.0)
16 (40.0)
11 (27.5)
29 (72.5)
15 (27.5)
25 (62.5)
20 (50.0)
20 (50.0)

Materials and Methods
1. Patient samples
Colorectal cancer samples were sterilely obtained after the
surgery at the first affiliated hospital of Wenzhou Medical
University and were sent to the laboratory within 2 hours.
According to the clinical data, samples were divided into
metastasis and non-metastasis groups. The clinical information was listed in Table 1. All samples were confirmed as colorectal cancer by a pathologist expert.
2. Cell lines and reagents
HCT116 (human colorectal cancer cell line) and CT26
(mouse colorectal cancer cell line) cells were purchased from
the Cell Bank of Chinese Academy of Sciences (Shanghai,
China). All cell lines were cultured in RPMI-1640 (Invitrogen,
Carlsbad, CA) supplemented with 10% fetal bovine serum
(Gibco, Grand Island, NY), penicillin (100 U/mL), and streptomycin (0.1 mg/mL). Recombinant interleukin (IL)-10, TGF1, CCL21, CCL18, CXCL12, and vascular endothelial growth
factor (VEGF) proteins were purchased from Yanjing Company (Shanghai, China). TGF-1 neutralization antibody was
purchased from Abcam (Cambridge, UK). Clodronate liposomes were purchased from Yisheng Company (Yu Yao,
China). LY2109761 was purchased from Selleck (Houston,
TX). Anti-CCL2 and anti-mouse CSF1R (CD115) were purchased from Bio X Cell (Lebanon, NH).
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3. TAMs preparation and collection from tumor tissues
For mouse TAMs, BALB/c mice (females, 6-8 weeks old)
were purchased from Vital River Laboratory Animal Technology Company (Beijing, China). Mice were implanted subcutaneously with 1105 CT26 cells into the right flank. Mice
were scarified and separated the tumor tissues when the
tumor reached to 7 mm7 mm. After digesting the tissues by
using collagenase II and IV in 37°C for 2 hours, TAMs were
obtained by using separating medium (Junrui Techonology,
Shenzhen, China) and sorted with Anti-CD45 and AntiF4/80 Microbeads (Miltenyi Biotec, Cologne, Germany). For
human TAMs, single cell from tumor samples were harvested with DNase and collagenase II and IV digestion in
37°C for 2 hours. TAMs were collected by CD45+CD68+ sorting (eBioscience, San Diego, CA).
4. Lung metastasis assay
BALB/c mice were implanted subcutaneously with 1105
CT26 cells into the right flank. Twenty-five days later, mice
were sacrificed and the lungs were harvested to measure
lung weight and examine the number of pulmonary nodules
[7]. To further measure the metastasis in lung, the sections
were also stained with hematoxylin and eosin (H&E) (Solarbio, Beijing, China).
5. Immunohistochemistry
After sacrificing mice, tissues were kept in 4% paraformaldehyde (PFA) overnight, then the samples were processed, embedded in paraffin, and sectioned at 4 µm for
further study. To detect the distribution of CD68 or TGF- in
human colorectal cancer tissues, 10 metastatic samples and
10 non-metastatic samples were conducted by immunohistochemistry (IHC). Antigen retrieval was done using citric
acid and sodium citrate in a Microwave oven (Media, Guangdong, China). Then the sections were incubated with CD68
(1:500, Abcam) or TGF- (1:500, Abcam) at 4°C overnight, followed by signal amplification using a ABC HRP Kit (Thermo
Fisher, Waltham, MA) and counter-staining with hematoxylin, dehydration with series of graded ethanol and cleaned
with xylene [1]. Microscope (Leica, Barnack, Oskar, Germany) was used to visualize the sections. Ten visions were
taken from each sample randomly for intensity analysis and
one representative graph were presented.
6. Immunofluorescence
Samples were blocked in 5% bovine serum albumin in
phosphate buffered saline (PBS) for 1 hour, E-cadherin (1:200,
Abcam) and vimentin (1:300, Abcam) were incubated at 4°C
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overnight, followed by signal amplification using TSA Kit
(PerkinElmer, Waltham, MA) [2]. An Olympus confocal
microscope (Tokyo, Japan) was used to visualize.
7. Western blotting
Samples were solubilized with an equal volume of loading
buffer (125 mM Tris-HCl, pH 6.8, 4% sodium dodecyl sulfate,
20% glycerol, 0.05% bromophenolblue, 5% -mercaptoethanol) and were boiled for 10 minutes, then samples were
separated by sodium dodecyl sulfate polyacrylamide gel
electrophoresis, followed by transferring to polyvinylidene
difluoride membranes and detecting by immunoblotting
with primary antibodies against E-cadherin (1:500, Abcam),
vimentin (1:500, Abcam), p-Smad2 (1:500, Abcam), p-Smad3
(1:500, Abcam), Smad4 (1:500, Abcam), and Snail (1:500,
Abcam), respectively at 4°C overnight. Then HRP-conjugated secondary antibody (CST, Boston, MA) was incubated
for 1 hour at room temperature, and visualized by using ECL
detection kit (CST) [3]. -Actin (1:1,000, Abcam) was used as
an internal control.
8. Real-time polymerase chain reaction
The quantification of gene transcripts was performed by
real-time polymerase chain reaction (PCR) using SYBR green
dye (Solarbio) [4]. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used for normalization. The primers
used are listed as follows: human GAPDH forward primer
5'-GGAGCGAGATCCCTCCAAAAT-3', reverse primer 5'GGCTGTTGTCATACTTCTCATGG-3'; human E-cadherin,
forward primer 5'-CGAGAGCTACACGTTCACGG-3', reverse primer 5'-GGGTGTCGAGGGAAAAATAGG-3'; human
vimentin forward primer 5'-GACG CCATCAACACCGAGTT-3', reverse primer 5'-CTTTGTCGTTGGTTAGCTGGT-3';
human Tgf b1 forward primer 5'- GGCCAGATCCTGTCCAAGC-3', reverse primer 5'-GTGGGTTTCCACCATTAGCAC3'; human Tgf b receptor forward primer 5'-GTAGCTCTGATGAGTGCAATGAC-3', reverse primer 5'-CAGATATGGCAACT CCAGTG-3'; human IL-10 forward primer 5'-GACTTTAAGGGTTACCTGGGTTG-3', reverse primer 5'-TCACATGCGCCTTGATGTCTG-3'; human IL-10 receptor forward primer 5'-CCTCCGTCTGTGTGGTTTGAA-3', reverse
primer 5'-CACTG CGGTAAGGTCATAGGA-3'; human
VEGF forward primer 5'-AGGGCAGAATCATCACGAAGT-3', reverse primer 5'-AGGGTCTCGATTGGATGGCA-3';
human VEFGR forward primer 5'-AGGGCAGAATCATCACGAAGT-3', reverse primer 5'-AGGGTCTCGATTGGATGGCA-3'; human CCL17 forward primer 5'- CGGGACTACCTGGGACCTC-3', reverse primer 5'-CCTCACTGTGGCTCTTCTTCG-3'; human CCR4 forward primer 5'-CCCACGGATATAGCAGACACC-3', reverse primer 5'-GTGCAAGG-
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CTTGGGGATACT -3'; human CCL21 forward primer 5'-GTTGCCTCAAGTACAGCCAAA-3', reverse primer 5'-AGAACAGGAT AGCTGGGATGG-3'; human CCR7 forward primer 5'-TGAGGTCACGGACGATTACAT-3', reverse primer
5'-GTAGGCCCACGAAACAAATGAT-3'; human CXCL12
forward primer 5'-ATTCTCAACACTCCAAACTGTGC-3',
reverse primer 5'-ACTTTAGCTTCGGGTCAATGC-3'; human
CXCR4 forward primer 5'-ACTACACCGAGGAAATGGGCT-3', reverse primer 5'-CCCACAATGCCAGTTAAGAAGA-3'; mouse GAPDH forward primer 5'-AGGTCGGTGTGAACGGATTTG-3', reverse primer 5'-GGGGTCGTTGATGGCAACA-3'; mouse E-cadherin, forward primer 5'-CAGTTCCGAGGTCTACACCTT-3', reverse primer 5'-TGAATCGGGAGTCTTCCG AAAA-3'; mouse vimentin forward primer
5'-CGTCCACACGCACCTACAG-3', reverse primer 5'-GGGGGATGAGGAATAGAGGCT-3'; mouse Tgfb1 forward primer 5'-CCACCTGCAAGACCATCGAC-3', reverse primer
5'-CTGGCGAGCCTTAGTTTGGAC-3'; mouse Tgfb receptor
forward primer 5'-AGTCGGATGTGGAAATGGAAG-3',
reverse primer 5'-CTGGCCATGACATCACTGTTA-3'; mouse
IL-10 forward primer 5'-CTTACTGACTGGCATGAGGATCA-3', reverse primer 5'-GCAGCTCTAGGAGCATGTGG-3';
mouse IL-10 receptor forward primer 5'-TTGTCGCGTTTGCTCCCATT-3', reverse primer 5'-GAAGGGCTTGGCAGTTCTG-3'; mouse VEGF forward primer 5'-CTGCCGTCCGATTGAGACC-3', reverse primer 5'-CCCCTCCTTGTACCACTGTC-3'; mouse VEGF receptor forward primer
5'-TTTGGCAAATACAACCCTTCAGA-3', reverse primer
5'-GCTC CAGTATCATTTCCAACCA-3'; mouse CCL17 forward primer 5'-TACCATGAGGTCACTTCAGATGC-3', reverse primer 5'-GCACTCTCGGCCTACATTGG-3'; mouse CCR4
forward primer 5'-TGCACCAAGGAAGGTATCAAGG-3',
reverse primer 5'-GTACACGTCCGTCATGGACTT-3'; mouse CCL21 forward primer 5'-GTGATGGAGGGGGTCAGGA
-3', reverse primer 5'-GGGATGGGACAGCCTAAACT-3';
mouse CCR7 forward primer 5'-CAGGTGTGCTTCTGCCAAGAT-3', reverse primer 5'-GGTAGGTATCCGTCATGGTCT-3'; mouse CXCL12 forward primer 5'-TGCATCAGTGACGGTAAACCA-3', reverse primer 5'-CACAGTTTGGAGTGTTGAGGAT -3'; mouse CXCR4 forward primer 5'-GACTGGCATAGTCGGCAATG-3', reverse primer 5'-AGAAGGGGAGTGTGATGACAAA-3'.

was used as the negative control. Cells were allowed to
migrate at 37°C for 18 hours. Then 4% PFA was used to fix
the cells that invaded the lower surface of the membrane, followed by 1% crystal violet staining for calculation [5]. In
some experiments, the lower chamber was added with the
following recombinant proteins, IL-10/TGF-/CCL21/CCL18/
CXCL12/VEGF, to determining whether they involve in the
cell invasion process.

9. Cell invasion assay

To examine the percentage of macrophage in patients, cells
were incubated with CD68 (eBioscience) for 20 minutes at
room temperature, after washed twice and then re-suspended in PBS [10]. For intracellular TGF- (eBioscience)
analysis, mice TAMs and peritoneal macrophages or human
TAMs and peripheral blood monocytes were collected and
fixed, after permeabilization, anti-human or anti-mouse TGF were stained respectively. Flow cytometry was performed
on the BD Canto II (BD Biosciences). 7-AAD was used to

For invasion assay, 30 g matrigel (BD Biosciences, FranklinLakes, NJ) was used to coat the upper chamber of 24
wells plates (8 m, Corning Company, Corning, NY). Then,
CT26 or HCT116 cells (3104) suspended in fetal calf serum
(FCS)free 1640 RPMI medium were seeded in the upper
chamber, meanwhile, the lower chamber was added with
macrophage culturing supernatants. RPMI-1640 without FCS

10. Wound healing assay
For wound healing assay, CT26 or HCT116 cells were
seeded in 6-well plates, a 10-L microtiter tip was used to cut
trace longitudinally when cells reaching 85% confluent, then
cells were treated with or without macrophage culturing
supernatants or TGF- for 24 hours [6]. Using the microscope, pictures were taken as 200 for analysis.
11. RNA interfering
For Snail knockdown in tumor cells, 2105 CT26 cells/well
were seeded in a six-well plate and starved in an antibioticfree growth medium for 24 hours before transfection. Snail
siRNA (4 mL, 0.5 mg) or a mock siRNA solution was performed for 48 hours according to the manufacturer’s protocol. The transfection efficacy was validated by western blot
[9]. The primers were designed and constructed by Gene
Pharma Company (South San Francisco, CA). Then the cells
were treated with TGF- to examine the cell morphology in
microscope. The following sequences were successfully:
siRNA-Snail sense 5'-GAT CCG CCT AAC TAC AGC GAG
CTG TTC AAG AGA CAG CTC GCT GTA GTT AGG CTT
TTT TGG AAA-3' and antisense 5'-AGC TTT TCC AAA
AAA GCC TAA CTA CAG CGA GCT GTC TCT TGA ACA
GCT CGC TGT AGT TAG GCG-3'; the mock vector sense
5'-GAT CCG TAT TGC CTA GCA TTA CGT TTC AAG AGA
ACG TAA TGC TAG GCA ATA CTT TTT TGG AAA-3' and
antisense 5'-AGC TTT TCC AAA GTA TTG CCT AGC ATT
ACG TTC TCT TGA AAC GTA ATG CTA GGC AAT ACG3'.
12. Flow cytometry
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Fig. 1. Tumor-associated macrophages (TAMs) facilitate colorectal cancer cells metastasis. (A) Quantification of macrophages
in tumor tissues of non-metastatic colorectal cancer patients (patients/N) (n=10) and metastatic colorectal cancer patients
(patients/M) (n=10). (B) Immunohistochemistry and intensity analysis (n=10) for CD68 to detect the macrophages in tumor
tissues of non-metastatic colorectal cancer patients (patients/N) and metastatic colorectal cancer patients (patients/M). Scale
bar=100 µm. (C) The lung weight of tumor-bearing mice treated with phosphate buffered saline (PBS) or TAMs (n=10). (D)
The lung node number of tumor-bearing mice treated with PBS or TAMs (n=10). (E) H&E staining of a representative lung
of tumor-bearing mice treated with PBS or TAMs. Scale bar=200 µm. (F) The lung weight of tumor-bearing mice treated with
PBS or clodronate liposomes to deplete macrophages (n=10). (G) The pulmonary tumor nodules of tumor-bearing mice
treated with PBS or clodronate liposomes (n=10). (H) H&E staining of a representative lung of tumor-bearing mice treated
with PBS or clodronate liposomes. Scale bar=200 µm. The data was presented as the mean±standard error of mean from
three independent experiments. *p < 0.05.
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exclude the dead cells. IgG (Abcam) was used as the negative
control.
13. Animal protocols and treatments
To evaluate the effects of TGF- on metastasis in colorectal
cancer, 5105 CT26 were subcutaneous injected into the
BALB/c mice (female, 6-8 weeks, Huafukang, Shenzheng,
China). On day 15, mice were treated with PBS, TGF- (250
ng), TAMs cultural supernatant and TAMs cultural supernatant combined with TGF- neutralizing antibody (200 µg)
by intratumoral injection. Mice were sacrificed for the lung
metastasis analysis on day 25. To evaluate the anti-metastasis
effects of LY2109761, 5105 CT26 were subcutaneous injected
into the BALB/c mice. On day 15, 18, and 21, mice were
treated with PBS or LY2109761 (50 mg/kg) by intratumoral
injection. On day 25, the mice were sacrificed for the lung
metastasis analysis.
14. Enzyme-linked immunosorbent assay
The concentrations of TGF- in tumor tissues from metastatic and non-metastatic patients were quantified by using
commercially available enzyme-linked immunosorbent
assay (ELISA) Kits (Dakewe Biotech Co., Ltd., Shenzhen,
China). Assays were performed according to the manufacturer’s protocol and read at 450 nm by using a microplate
reader (Thermo Scientific).
15. Statistical analysis
All data were represented as mean±SEM. GraphPad Prism
ver. 6.0 software was used to analyze data. Specific statistical
tests used were paired and unpaired t tests. p-value < 0.05
were considered statistically significant.
16. Ethical statement
All subjects gave written informed consent. Ethical
approval was obtained from the Committee of the First
Affiliated Hospital of Wenzhou Medical University.

Results
1. TAMs facilitate colorectal cancer cells metastasis
Recently, TAMs accumulation level has been shown to be
of significant in cancer cells metastasis in a variety of cancers.
To test the infiltration level of TAMs in colorectal cancer, we

analyzed CD68+ cells in CD45+ cells in metastatic (patients/
M) and non-metastatic (patients/N) colorectal cancer samples from clinical patients by flow cytometry. Interestingly,
we found that metastatic patients have more TAMs accumulated than non-metastatic patients in tumor tissues (Fig. 1A).
Moreover, we verified this by IHC and the CD68 IHC intensity was correlated with flow cytometry analysis (Fig. 1B). It
has been reported that the accumulated TAMs in breast cancer and lung cancer could induce the metastasis. Our initial
results suggested that colorectal cancer tissues have TAMs
accumulation and the infiltration level was much higher in
metastatic patients’ tissues than non-metastatic patients’
(Fig. 1A and B). To clarify whether TAMs could promote the
colorectal cancer metastasis, the CT26 mouse subcutaneous
model was established. We injected 105 macrophages which
was isolated from tumor tissues into tumor site. On the day
25, mice were sacrificed, lungs were weighed, and the
metastatic pulmonary tumor nodules on the surface of lungs
were counted. We found that the macrophages injection
increased the lung weight compared with PBS injection
group (Fig. 1C) and increased the pulmonary tumor nodules
in lung as well (Fig. 1D). Further, we observed that CT26 cells
seeded more lung metastasis with macrophages injection,
which was confirmed by the whole lung H&E staining
(Fig. 1E). These results indicate that TAMs could promote the
colorectal cancer cells lung metastatic seeding.
To further determine whether TAMs were involved in colorectal cancer lung metastasis, we used clodronate liposomes
to deplete the macrophages in tumor-bearing mice. We
found that macrophages depletion significantly reduced the
colorectal cancer cells lung metastasis, which was supported
that the macrophages depletion group has the lighter lung
weight (Fig. 1F), fewer pulmonary tumor nodules (Fig. 1G)
and less lung metastasis (Fig. 1H) than PBS group. Moreover,
we used anti-CCL2 and anti-CSF1R (CD115) to target
macrophages in CT26-bearing mice, both the lung weight
and pulmonary tumor nodules were reduced (S1A and S1B
Fig.). Together, our data suggest that TAMs could promote
colorectal cancer lung metastasis.
2. TAMs promote colorectal cancer cells metastasis via the
secretion of TGF-
Our previous data showed that TAMs was involved in colorectal cancer cells lung metastasis. Next, we were wondering that how TAMs promote colorectal cancer cells metastasis. On one hand, we performed the transwell experiments
and found that the invasion cells were significantly increased
in CT26 and HCT116 with TAMs conditioned medium treatment (Fig. 2A). On the other hand, the cell migration was
enhanced in TAMs conditioned medium treated CT26 and
HCT116 by wound healing assay (Fig. 2B). Those data indiVOLUME 51 NUMBER 1 JANUARY 2019
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cate that TAMs may secret some kind of protein to induce
colorectal cancer cells invasion and migration.
Several enriched protein secreted by macrophages in
tumor microenvironment, like IL-10, TGF-, VEGF, CCL18,
CCL21, CXCL12 and so on, have been reported as the functional factors that responsible for the tumor progress [21]. To
identify which secreted factors drive colorectal cancer cells
invasion, we used real-time PCR to screen those molecules
in normal macrophages or TAMs and we found that only
TGF- was increased in both mice (Fig. 2C) and human
TAMs (S2A Fig.). Further, we detected the corresponding

receptors in CT26 and HCT116 cells, TGF- receptor was
upregulated with TAMs medium treatment (Fig. 2D, S2B
Fig.). Those data suggest that TGF-/TGF- receptor synapse
may be involved in colorectal cancer cells invasion and migration. To better demonstrate TGF- was produced from
TAMs to mediate the above cell activity, firstly, we measured
the TGF- level in metastatic patients and non-metastatic
patients’ tissues by ELISA and IHC, data showed that
metastatic patients’ tumor tissues have more TGF- accumulated (Fig. 2E and F). Moreover, we found almost all mice
and human TAMs could produce TGF- and TAMs posVOLUME 51 NUMBER 1 JANUARY 2019
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24 hours. (Continued to the next page)
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sessed more TGF- than peritoneal macrophages or peripheral blood monocytes (Fig. 2G, S2C Fig.). Next, the recombinant proteins were used to treat CT26 and HCT116 cells in
transwell experiments. Predictably, only recombinant TGF significantly increased the cell invasion (Fig. 2H, S2D Fig.).
Consistently, colorectal TAMs could promote cancer cells
invasion and migration in terms of TGF-. Taking together,
these data suggest that TGF- may be the main factor that
responsible for the colorectal cancer metastasis induced by
TAMs.
Furthermore, to confirm TGF- induced colorectal cancer
lung metastasis in vivo, we injected conditioned medium
from TAMs and recombinant TGF- into the CT26-bearing
mice. We found that conditioned medium from TAMs and
recombinant TGF- significantly increased lung weight
(Fig. 2I), the pulmonary tumor nodules (Fig. 2J) and lung
metastasis (Fig. 2K) comparing with PBS group. However,
adding anti–TGF- neutralizing antibody could reverse those
effects (Fig. 2I-K). Collectively, these results indicate that
TAMs could secret TGF- to promote colorectal cancer cells
lung metastatic seeding.
3. TGF- induces the colorectal cancer cells metastasis
through the EMT progression
We have found that TGF- could induce colorectal cancer
cells invasion and migration and it has been verified that
TGF- could initiate the EMT to enhance tumor cell invasion
and migration in a variety of cancers, which was characterized as loss of E-cadherin and elevated vimentin expression
[22-24]. We were wondering that whether TGF- could trigger EMT in colorectal cancer cells. In order to visually capture the morphological change of EMT in vitro, we conducted
the cell imaging of CT26 and HCT116 cells with TGF- or
conditioned medium from TAMs treatment. We observed
that treating with TGF- and conditioned medium from
TAMs could significantly induce epithelioid CT26 and HCT116 cells transition into mesenchymal phenotype (Fig. 3A),
while adding anti–TGF- antibody reversed the effect
(Fig. 3A). Moreover, E-cadherin, a hallmark of epithelial cells,
was significantly decreased with TGF- and conditioned
medium from TAMs treatment in CT26 and HCT116 cells
(Fig. 3B, D, and E). Concomitantly, vimentin, one of the mesenchymal cytoskeletal proteins, was remarkably increased
with TGF- and conditioned medium from TAMs treatment
(Fig. 3C-E). Conversely, adding antiTGF- antibody effectively reversed the effect (Fig. 3B-E). These data suggest that
TGF- could induce the colorectal cancer cells EMT. Accumulating evidence supported that EMT was correlated with
the metastasis and poor prognosis in cancer patients [25,26].
Here, to confirm colorectal cancer cells metastasis was EMT
involved, we analyzed the expression of EMT markers in
VOLUME 51 NUMBER 1 JANUARY 2019
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cancer patients’ tissues. We found that vimentin mainly
expressed in metastatic patients’ tissue, while non-metastatic
patients’ tissue had plenty E-cadherin expression (Fig. 3F).
This clinical data demonstrated that EMT was involved in
colorectal cancer cells metastasis. Taking together, those
results conclude that TGF- induced EMT is involved in colorectal cancer cells metastasis.
4. TGF- mediates colorectal cancer cells EMT via Smad2,
3-4/Snail/E-cadherin pathway
Next, we want to figure out how TGF- endowed the EMT
of colorectal cancer cells and to explore potential therapeutic
target in clinic. The signaling mechanisms of TGF- induced
EMT has been largely conducted in a variety of cancer cells.
In response to TGF-, the cellular Smad signaling would be
activated by phosphorylated TGF- receptors [27]. To test
whether the Smad signaling involved in the colorectal cancer
cells EMT, we detected the activation of Smads with TGF-
or conditioned medium from TAMs in CT26 colorectal cancer cells. We found that TGF- or conditioned medium from
TAMs increased the phosphorylation of Smad2/3, and significantly enhanced the expression of Smad4 (Fig. 4A). Also,
we observed that the Smad2/3 and Smad4 complex was
translocated into nucleus (Fig. 4B and C). Moreover, Snail,
the downstream transcription factor of Smad, was increased
by TGF- and conditioned medium from TAMs treatment
(Fig. 4A). While pre-treatment with TGF- neutralizing antibody, reversed the effect (Fig. 4A-C). Further, siRNA targeting Snail transcripts suppressed the epithelia to mesenchymal phenotype changes in TGF- treated CT26 cells (Fig. 4D).
Furthermore, TGF- induced colorectal cancer cells invasion
and migration were significantly inhibited with Snail knockdown (Fig. 4E and F). In line with the pervious results, TFG suppressed the expression of E-cadherin. Here, the silence
of Snail could efficiently reverse the effects (Fig. 4G). Those
data suggest that TGF- endowed colorectal cancer cells EMT
was Snail dependent. In order to disrupt the TAMs triggered
colorectal cancer cells metastasis in vivo, we used TGF-
receptor inhibitor to treat CT26-bearing mice. Exhilaratingly,
the lung metastasis was remarkably suppressed in LY2109761 group compared with PBS group with lighter lung
weight and less pulmonary tumor nodules (Fig. 4H-J). Collectively, these results indicate that TGF- activates the
Smads/Snail signaling pathway to induce colorectal cancer
cells EMT for metastasis.
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Discussion
Cumulated evidences support that TAMs involved in
tumor cell metastasis, which is mediated through the secretion of cytokines [28]. Recently, TAMs have been reported to
accumulate in the tumor sites and promoted distant metastasis in various cancers [28]. Further studies are required to
reveal the mechanism of TAMs and determine whether
could improve the clinical efficiency by blocking pathway.
In our study, we found that TAMs isolated from primary
tumor tissues promote colorectal cancer cells invasion and
migration in vitro and in vivo which provided evidence to
support the concept that TAMs play a crucial role in colorectal cancer metastasis. It was consistent with previous research
revealing that accumulated TAMs in tumor microenvironment participate in different tumor progression, including
cancer stemness maintain, tumor growth and drug resistance, through the secretion of cytokines. Tumor distant
metastasis is considered as the main cause of cancer-related
deaths, and EMT is regarded as the key steps. Further, our
study indicated that TAMs could facilitate the colorectal cancer metastasis through inducing EMT of tumor cells by
secretion of TGF- which was validated by in vitro and in vivo
data [29]. Also, our results showed that TGF- produced by
TAMs in tumor microenvironments activated the Smad signaling pathway by binding to the TGF- receptors, followed
by the phosphorylated Smad2/Smad3 to form complex with
Smad4 and regulate transcription of Snail. Once the TGF-
triggered the colorectal cancer cells EMT, Snail could repress
the expression of epithelial marker E-cadherin, resulting in
the cancer metastasis (Fig. 4K).
Various crucial features are believed to participate in the
cancer metastasis progress, including the expression of integrin [30], tumor cells EMT progression, tumor microenvironments [11]. It has been demonstrated that TAMs play a
crucial role in different stages of tumor progression [31].
TAMs facilitate the sustained growth of tumor cells through
secretion of growth factors such as CCL8 [20] and remodeling the tumor microenvironments by matrix metalloproteinases (MMPs). Moreover, TAMs promote tumor cells
invasion and migration through the secretion of tumor
necrosis factor and MMPs [19]. However, the specific mechanism of metastasis induced by TAMs is still unclear. In our
studies, we further demonstrate that TAMs could facilitate
the metastasis through the secretion of TFG- in colorectal
cancer cells.
Increasing evidences demonstrated that tumor cells could
promote metastasis through an autocrine manner. Various
cancer cells, including breast cancer cells and pancreatic cancer cells, undergo the progression of EMT before metastasis
[29], which is induced by the TGF- produced by the tumor
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cells. Our data found that TGF- could be derived from
TAMs and suggested that inhibition of TGF- signaling significantly decreased the EMT. And the specific signaling
pathways of EMT in several cancer cells remained to be
unclear. We investigated the progression of EMT in colorectal cancer and found that a Smad dependent signaling pathway, which is induced by the TGF- produced from TAMs
in tumor microenvironment. The data supports TAMs
endowed with the capacity to facilitate the metastasis and
regulate the tumor progression, readjusting the focus of
inhibit tumor growth to selectively suppress TAMs functions
and remodeling of tumor microenvironment should be considered when targeting colorectal cancer metastasis in clinic.
In summary, our data provided evidence to support that
accumulated TAMs in colorectal cancers contributed to distant metastasis through secreting TGF- which induced EMT

by activating Smad2,3-4/Snail pathway. Blocking TGF- signaling remarkably reduced the EMT which in turn resulted
in decreased metastasis. Our data laid an important foundation for potential application of TGF- inhibition in clinical
treatment as anti-metastatic therapy for colorectal cancer
patients.
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Gastric Mucosal Atrophy Impedes Housekeeping Gene Methylation in
Gastric Cancer Patients

Purpose
Helicobacter pylori infection induces phenotype-stabilizing methylation and promotes gastric
mucosal atrophy that can inhibit CpG-island methylation. Relationship between the progression of gastric mucosal atrophy and the initiation of CpG-island methylation was analyzed
to delineate epigenetic period for neoplastic transformation.
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Materials and Methods
Normal-appearing gastric mucosa was biopsied from 110 H. pylori–positive controls, 95 H.
pylori–negative controls, 99 gastric cancer patients, and 118 gastric dysplasia patients.
Gastric atrophy was assessed using endoscopic-atrophic-border score. Methylation-variable
sites of eight CpG-island genes adjacent to Alu (CDH1, ARRDC4, PPARG, and TRAPPC2L)
or LTR (MMP2, CDKN2A, RUNX2, and RUNX3) retroelements and stomach-specific TFF3
gene were analyzed using radioisotope-labeled methylation-specific polymerase chain
reaction.
Results
Mean ages of H. pylori–positive controls with mild, moderate, and severe atrophy were 51,
54, and 65 years and those of H. pylori–associated TFF3 overmethylation at the three
atrophic levels (51, 58, and 63 years) tended to be periodic. Alu-adjacent overmethylation
(50 years) was earlier than TFF3 overmethylation (58 years) in H. pylori–positive controls
with moderate atrophy. Cancer patients with moderate atrophy showed late Alu-adjacent
(58 years) overmethylation and frequent LTR-adjacent overmethylation. LTR-adjacent overmethylation was frequent in cancer (66 years) and dysplasia (68 years) patients with severe
atrophy.
Conclusion
Atrophic progression is associated with gastric cancer at moderate level by impeding the
initiation of Alu-adjacent methylation. LTR-adjacent methylation is increased in cancer
patients and subsequently in dysplasia patients.

Introduction
Intense Helicobacter pylori infection promotes a continuum
of various macroscopic and histological changes in the gastric mucosa, including severe atrophic gastritis, intestinal
metaplasia, dysplasia, and gastric cancer [1-4]. Intestinal
metaplasia and dysplasia are considered premalignant
│ https://www.e-crt.org │

Key words
Helicobacter pylori, DNA methylation, Stomach neoplasms,
Atrophic gastritis

lesions [2]. However, approximately half of gastric cancer
patients do not show intestinal metaplasia or dysplasia in
background gastric mucosa [5]. Even adjacent pairs of dysplasia and cancer tissues fail to display same mutations [6].
This raises a question over whether H. pylori infection
induces dysplastic and neoplastic transformation of epithelial cells individually or sequentially. Intense H. pylori infection that can elevate the risk of gastric cancer tends to disaCopyright ⓒ 2019 by the Korean Cancer Association
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ppear when progression of gastric mucosal atrophy with age
creates poor tissue environment for bacterial colonization
[1,3]. Therefore, a surrogate marker is required to identify an
individual who has previously experienced H. pylori infection with cancer risk.
Glandular stem cells maintaining gastrointestinal mucosa
are periodically replaced with new stem cells. For example,
an old glandular stem cell in each colonic gland is replaced
by a new one every eight years [7]. Pluripotent mesenchymal
cells derived from various organ sites including adipose and
bone marrow tissues can become new stem cells when native
gastric stem cells are damaged by inflammation or when
they lose their regenerative capacity [8]. Newly adapted stem
cells are capable of restoring undifferentiated histology and
may be transformed into gastric cancer stem cells. Because
mice rarely develop invasive gastric cancer [9], few mouse
models have confirmed the neoplastic transformation of
marrow-derived stem cells [10]. Humans and mice have distinct epigenetic structures around housekeeping genes. Epigenetic traits of housekeeping genes in humans can promote
stem cell replacement but predispose stem cells to reactivating intrinsic migration traits [11]. Undifferentiated-type gastric cancer is common in relatively younger individuals,
compared to differentiated-type cancer [12]. This suggests
that new stem cells at an early stage of adaptation can preserve marrow properties. They are prone to transform into
diffuse-type gastric cancer. Meanwhile, new stem cells at a
late stage of adaptation are able to trans-differentiate into
intestinal-type gastric cancer when they acquire gastric stem
cell properties [13]. It is likely that the development of gastric
cancer is associated with phenotypic stability of periodically
replaced stem cells.
In H. pyloriinfected stomach, numerous housekeeping
genes containing CpG islands are concurrently methylated
in an age-related manner [14,15]. It has been thought that
concurrent CpG-island methylation can stabilize newly
established phenotypes of stem cells [11,16,17]. Such agerelated changes in CpG-island methylation will reach a peak
during new stem cell replacement [14]. Gastric mucosal
atrophy spreading from the antrum to the body appears to
impede phenotype-stabilizing methylation largely in the
antrum [15]. This can result in insufficient methylation in the
cancer-prone antrum [15,18], thus raising the epigenetic risk
of gastric cancer in association with mucosal atrophy. Meanwhile, the gastric body with a minimal mucosal atrophic
effect exhibits frequent CpG-island overmethylation in
patients with cancer, indicating that a large number of
methylation-inducible new stem cells are present over the
background mucosa [15]. Therefore, cancer-related period of
stem cell replacement can be estimated by analyzing the
period of CpG-island overmethylation and the level of gastric mucosal atrophy.
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There are transitional-CpG sites on methylation gradients
between weakly methylated transcriptional start sites (TSS)
and densely methylated retroelements [16,17,19,20]. These
transitional-CpG sites display age-related methylation changes in the H. pylori–infected stomach, providing useful epigenetic information about the period of stem cell replacement [14,15]. The window period between H. pylori infection
and cancer appearance, during which H. pylori infection disappeared with the progression of gastric mucosal atrophy,
was investigated based on the age of transitional-CpG overmethylation.

Materials and Methods
1. Patients and biopsy specimens
A total of 205 healthy individuals, 99 patients with gastric
cancer, and 118 patients with gastric dysplasia were enrolled
in this study (Table 1). Controls and patients underwent
endoscopic biopsy at St. Paul’s Hospital of The Catholic University of Korea between March 2008 and October 2013. Pairs
of gastric biopsies were obtained from greater curvatures of
the middle body and lesser curvatures of the antrum (1-2 cm
distal from the angle). For patients with cancer or dysplasia,
normal-appearing gastric mucosa located more than 2 cm
from pathologic lesions was sampled to ensure epigenetic
purity of normal mucosa cells [15]. H. pylori infection was
examined using the Warthin-Starry silver impregnation
method. The extent of gastric mucosal atrophy was evaluated
using the endoscopic atrophic border score proposed by
Kimura and Takemoto [21]. It was grouped into four levels
of severity: none, closed-0 type; mild, closed-1 and closed-2
types; moderate, closed-3 type; and severe, open type
(S1 Fig.). The level of gastric mucosal atrophy was measured
repeatedly by Dr. Jung-Hwan Oh who is an experienced gastroenterologist.
2. DNA extraction and bisulfite treatment
DNA preparation and sodium bisulfite modification were
performed as described elsewhere [15,22]. Biopsy specimens
were dissolved in proteinase K lysis buffer and incubated at
37°C for 24 hours. Genomic DNA was extract from biopsy
specimen using DNA isolation kit (A1120, Promega, Madison, WI) according to the manufacturer’s instructions. One
microgram of DNA was denatured by treatment with 3 M
NaOH followed by treatment with 2.3 M sodium bisulfite for
12 hours. DNA sample was purified using DNA purification
resin (A1120, Promega), treated with 3 M NaOH, precipi-
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Table 1. Descriptive characteristics of study participants

Age (yr)
Sex
Male
Female
p-valueb)
Helicobacter pylori
Negative
Positive
p-valueb)
Intestinal metaplasia
No
Yes
p-valueb)
Atrophic level
None
Mild
Moderate
Severe
p-valueb)

Control
(n=205)

Cancer
(n=99)

Dysplasia
(n=118)

54±10a)

62±11

66±9a)

104 (51)
101 (49)

79 (80)
20 (20)
< 0.001

88 (75)
30 (25)
< 0.001

95 (46)
110 (54)

64 (65)
35 (35)
0.003

76 (64)
42 (36)
0.002

89 (43)
116 (57)

20 (20)
79 (80)
< 0.001

22 (19)
96 (81)
< 0.001

16 (8)
97 (47)
71 (35)
21 (10)

0 (0)
27 (27)
31 (31)
41 (42)
< 0.001

0 (0)
23 (19)
29 (25)
66 (56)
< 0.001

Values are presented as mean±standard deviation or number (%). a)p < 0.05 compared to cancer patients based on one-way
ANOVA with Tukey’s post-hoc tests, b)Analyzed using chi-square test.

tated with ethanol, and resuspended in 40 µL of 5 mM Tris
buffer. Finally, 1 µL aliquots were used as templates for polymerase chain reactions (PCRs).

each gene was classified into 10 levels with 10% methylation
increments. Cut off point of gene overmethylation was
determined on the basis of two intermediate methylation levels common in H. pylori–negative mucosa (S2 Table).

3. Radioisotope-labeling methylation assay
4. Methylation analysis of small biopsy specimens
Methylation-specific PCR (MSP) was performed in 10 µL
of PCR reaction mixture containing 1 µL of bisulfite-modified
DNA, 1 mCi of a-32P dTTP (PerkinElmer, Boston, MA), 62.5
mM of dATP, dCTP, and dGTP, 25 mM of dTTP, 1 pM of
primers, 0.1% Tween 20 and 0.3 unit of Taq DNA polymerase
(Takara, Kyoto, Japan). Thermal cycles were as follows:
denaturation at 99°C for 5 minutes; addition of DNA polymerase and dNTP mixture; amplification for 32 cycles at
93°C for 50 seconds, 53-62°C for 1 minute, and 72°C for 1
minute; and extension at 72°C for 3 minutes. MSP products
were subjected to polyacrylamide gel electrophoresis and
visualized by repeated autoradiography using a radioluminograph scanner (PMI 170-9400, BioRAD, Hercules, CA).
Band intensities were analyzed with TINA image software
(Raytest Isotopenmegerate, Straubenhardt, Germany).
Methylation densities were calculated by dividing intensities
of methylation primer sets by total intensities of unmethylation and methylation primer sets. The methylation status of

A total of 16 methylation-variable transitional-CpG sites
were chosen from eight housekeeping genes containing CpG
islands (CDH1, ARRDC4, PPARG, TRAPPC2L, MMP2, CDKN2A, RUNX2, and RUNX3) and eight tissue-specific genes
lacking CpG islands (TFF2, TFF3, TFF1, PGC, ATP4B, GHRL,
PGA, and APC) (S2 Table) [15,22]. MSP primers for these
CpG-island genes spanned CpG-island margins between
–3.1 to –0.1 kb relative to the TSS. MSP primers for CpGisland-lacking genes were designed at –0.2 and 0 kb relative
to the TSS.
Low GC content and repetitive sequences in the methylation-variable transitional-CpG sites can interfere with specific template-primer binding during PCR amplification.
When using non-radioisotope PCR, MSP primers designed
in the transitional-CpG sites are prone to generate non-specific amplicons [14]. Quantitative methylation analysis
requires sufficient starting template DNA. The small amount
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of DNA obtained from small biopsy tissue samples was
insufficient for analysis of 16 transitional-CpG sites using
non-radioisotope PCR.
Pyrosequencing methylation analysis was found to have a
limitation in analyzing the transitional-CpG sites (S3 Fig.).
Due to a high T content of bisulfite-modified sequences
(51%), we failed to design primers for common PCR for the
ARRDC4 transitional-CpG sites. Pyrosequencing of MMP2
transitional-CpG sites (T content, 44%) failed to obtain reproducible methylation results. The CDH1 transitional-CpG sites
containing a low T content (39%) demonstrated similar
methylation values between the pyrosequencing and radioisotope MSP methods [15]. The radioisotope-labeled MSP
ensured specific amplification at all 16 transitional-CpG sites
(S4 Fig.).
5. Statistical analysis
Methylation values between radioisotope MSP and pyrosequencing were compared using Spearman’s correlation
coefficients. One-way ANOVA with Tukey’s post-hoc test was
employed to compare age differences among subject groups.
Frequencies of clinicopathological features among non-cancer controls, cancer patients, and dysplasia patients were
compared using chi-square test. Mean numbers of overmethylated genes among subject groups were compared by
one-way ANOVA followed by Tukey’s post-hoc test. Differences in overmethylation frequencies between the antrum
and body were analyzed using McNemar’s test. Age differences between two methylation groups were analyzed by
Student’s t test. Multinomial logistic regression models were
used to calculate odds ratios (ORs) and 95% confidence
intervals (CIs) for the associations between LTR-dominant
methylation type and cancer/dysplasia using controls as reference group. All ORs were adjusted by sex and age. p-values were two-sided. Statistically significant was considered
at p < 0.05. All statistical analyses were conducted using SAS
ver. 9.2 (SAS Inc., Cary, NC).
6. Ethical statement
St. Paul's hospital Institutional Review Board, the Catholic
University of Korea, Catholic Medical Center approved this
study (PCMC08BR005). Written informed consent was
obtained from each study participant prior to enrollment.
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Results
1. Baseline characteristics
Baseline characteristics of study subjects (n=422) are summarized in Table 1. H. pylori infection was more (p < 0.01)
frequently detected in control subjects than that in cancer
patients or dysplasia patients. Control subjects (mean age, 54
years) were younger (p < 0.001) than cancer patients (62 years)
and dysplasia patients (66 years). The level of gastric mucosal
atrophy was higher (p < 0.001) in both cancer and dysplasia
patients than that in controls. Severe atrophy was more frequent (p=0.033) in dysplasia patients than that in cancer
patients.
2. Transitional-CpG methylation in the gastric antrum and
body
The transitional-CpG sites of CpG-island genes were categorized into Alu-adjacent (CDH1, ARRDC4, PPARG, and
TRAPPC2L) and LTR-adjacent (MMP2, CDKN2A, RUNX2,
and RUNX3) genes based on the tendency for concurrent
methylation depending on the type of gene-adjacent retroelements (S2 Table) [14,15]. Overmethylated genes in both cancer and dysplasia patients were counted regardless of H.
pylori infection considering few differences in overmethylation frequencies between H. pylori–positive and H. pylori–
negative patients (S5 Fig.). Mean numbers of overmethylated
Alu- or LTR-adjacent genes were compared among two control groups (H. pylori–positive and –negative) and two
patient groups (gastric cancer and dysplasia) (Fig. 1A). The
number of overmethylated Alu-adjacent genes was high in
the antrum of H. pylori–positive controls. LTR-adjacent overmethylation in the body was significantly (p < 0.001) increased in the two patient groups than that in H. pylori–positive
controls. There was a significant (p < 0.001) decrease in Aluadjacent overmethylation in the antrum of the two patient
groups. Alu-adjacent overmethylation in the body was not
significantly different among H. pylori–positive controls, cancer patients, and dysplasia patients. Methylation of the two
CpG-island gene types was further analyzed based on the
level of gastric mucosal atrophy (Fig. 1B). Overmethylated
Alu-adjacent genes in the body of cancer and dysplasia
patients tended to be increased along the progression of gastric mucosal atrophy, involving one or more Alu-adjacent
genes. LTR-adjacent genes were significantly overmethylated
in the antrum and body of cancer patients with moderate or
severe atrophy (p < 0.05), showing two or more overmethylated LTR-adjacent genes. They were also significantly overmethylated in the body of dysplasia patients with severe
atrophy (p=0.020), but not with moderate atrophy.
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Fig. 1. Comparison of numbers of overmethylated CpG-island genes among four subject groups: Helicobacter pylori–positive controls, H. pylori–negative controls,
patients with gastric cancer, and patients with dysplasia. Numbers of overmethylated genes were separately calculated for CpG-island housekeeping genes adjacent
to Alu retroelements (CDH1, ARRDC4, PPARG, and TRAPPC2L) or LTR retroelements (MMP2, CDKN2A, RUNX2, and RUNX3). (A) Numbers of overmethylated
genes are represented as mean±standard error of mean (SEM) (*p < 0.05 compared to H. pylori–positive controls based on one-way ANOVA with Tukey’s post-hoc
tests). (B) Numbers of overmethylated genes were further analyzed according to the level of gastric mucosal atrophy. They are presented as mean±SEM (*p < 0.05
compared to mild atrophic cases based on one-way ANOVA with Tukey’s post-hoc tests).
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Fig. 2. Analysis of age-related methylation in Helicobacter pylori–positive controls. (A) Age-related methylation changes of
TFF2, TFF3, and APC were evaluated in the antrum by mean level of methylation estimated by 10-level classification. Open
and closed vertical arrows indicate low trough and high peak respectively. (B) Age-related methylation of antrum-specific
TFF3 and body-specific GHRL was evaluated in the antrum and body by the frequency of overmethylation. Age-related
methylation curves were plotted as a function of age-dependent APC-methylation level. (Continued to the next page)

272

CANCER RESEARCH AND TREATMENT

Jung-Hwan Oh, Cancer-Risk Methylation in Gastric Cancer Patients

C
H. pylori–positive controls, antrum
Frequency of TFF3 overmethylation

100

Mild atrophy
Moderate atrophy
Severe atrophy

80
60
40
20
0

2

3

4
5
6
APC-methylation level

7

Fig. 2. (Continued from the previous page) (C) Age-related
methylation of TFF3 in the antrum was analyzed according to three levels of gastric mucosal atrophy.

3. Age-related methylation of stomach-specific genes lacking CpG islands
TFF2, TFF1, PGC, ATP4B, and PGA are expressed in both
the gastric antrum and body, whereas TFF3 in the antrum
and GHRL in the body [14]. APC is inactive in both the
antrum and body. Antrum-specific TFF3 and body-site specific GHRL were more methylated in the body and antrum
respectively regardless of H. pylori infection (S6 Table). TFF2
methylation fluctuated with age showing three ambiguous
peaks at ages 46, 55, and 60 years in the antrum of H. pyloripositive controls (Fig. 2A). TFF3 methylation showed two
early peaks at ages 46 and 49 and a late peak at age 59. APC
methylation tended to be decreased three times at ages 48,
54, and 59.
Antrum-specific TFF3 was significantly overmethylated in
the antrum of H. pylori–positive controls (p=0.003) (S5 Fig.).
Inactive APC is known to be methylated in an age-dependent
manner [14,15]. Age-related pattern of TFF3 and GHRL
methylation was evaluated using APC methylation as a standard methylation age (Fig. 2B, S7 Fig.). In the antrum, TFF3
methylation peaked at APC methylation level 3 and GHRL
methylation increased with increasing APC methylation levels. TFF3 methylation was further evaluated depending on
the level of gastric mucosal atrophy in the antrum of H.
pylori–positive controls (Fig. 2C). The frequency curve of
TFF3 overmethylation reached an early peak at APC methylation level 3 in mild atrophic cases. The peak of TFF3 over-

methylation frequency was shifted to APC methylation levels
3 and 4 in the antrum with moderate atrophy and to APC
methylation 5 in severe atrophic cases. Consequently, TFF3
methylation peaked sequentially along the three levels of
gastric mucosal atrophy.
The number of CpG-island overmethylation was slowly
increased to a plateau over APC methylation levels 3 to 6 in
both the antrum and body of H. pylori–positive controls
(S8 Fig). The curve of Alu-adjacent overmethylation reached
a higher plateau than that of LTR-adjacent overmethylation.
The peak of Alu-adjacent methylation was ambiguous at the
three levels of gastric mucosal atrophy in the body.
4. Relationship between level of gastric mucosal atrophy
and age of overmethylation
H. pylori–positive controls examined in this study took an
average of 14 years to develop from mild (mean age, 51±9
years) to severe (65±10 years) levels of gastric mucosal atrophy (Fig. 3A). H. pylori–positive controls with moderate
atrophy (54±9 years) were three years older than those with
mild atrophy (51±9 years). Similarly, Alu-adjacent overmethylation at moderate atrophic level (54±9 years) appeared two
years later than that at mild atrophic level (52±9 years). The
age difference of TFF3 overmethylation between mild (50±9
years) and moderate (57±9 years) atrophic cases was bigger
than that of Alu-adjacent overmethylation.
Body-site CpG-island overmethylation and accompanying
antrum-site TFF3 overmethylation were analyzed to determine the age of overmethylation that extended to the gastric
body (Fig. 3B). In H. pylori–positive controls, TFF3+Alu overmethylation was found at similar intervals among mild (51±9
years), moderate (58±9 years), and severe levels (63±10 years)
of mucosal atrophy. Especially, TFF3+Alu overmethylation
in moderate atrophic cases was significantly old compared
to Alu-alone overmethylation (58±9 vs. 49±7 years, p=0.005).
There was also a significant difference in age between TFF3+
LTR overmethylation and LTR-alone overmethylation (58±10
vs. 50±8 years, p=0.029). In gastric cancer patients with moderate atrophy, ages of TFF3+Alu overmethylation (56±12
years) and Alu-alone overmethylation (58±8 years) were similarly old. TFF3+Alu overmethylation was similarly old for
severe mucosal atrophic cases including H. pylori–positive
controls (63±10 years), cancer patients (62±9 years), and dysplasia patients (63±6 years).
The proportion and mean age of Alu-adjacent overmethylation and accompanying TFF3 overmethylation were
depicted for both the antrum and the body (Fig. 3C). In H.
pylori–positive controls, the proportion of TFF3+Alu overmethylation tended to be consistently high in the antrum and
body of H. pylori–positive controls during the progression
from mild to severe atrophy. The proportion of Alu-alone
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overmethylation in the body was increased from mild to
severe levels of gastric mucosal atrophy in cancer patients
(mild atrophy, 30%; moderate atrophy, 52%; and severe
atrophy, 61%). Dysplasia patients with severe (45%) atrophy
showed a higher proportion of Alu-adjacent overmethylation
than those with mild atrophy (26%). Alu-alone overmethylation in moderate atrophic cases (antrum, 50±7 years; body,
49±7 years) was found as early as TFF3+Alu overmethylation
in mild atrophic cases (antrum, 50±9 years; body, 51±9 years)
in both the antrum and the body. The age of TFF3+Alu overmethylation in the antrum (57±9 years) and body (58±9 years)
of moderate atrophic cases was similarly old.
5. Analysis of cancer-related methylation
The number of Alu-adjacent overmethylation was similar
among H. pylori–positive controls, cancer patients, and dys-

plasia patients (Fig. 1A). Whereas, the number of LTR-adjacent overmethylation was higher in the body of cancer
patients with moderate atrophy (Fig. 1B). The cancer patients
demonstrated transitional-CpG overmethylation more frequently in the LTR-adjacent gene group than in the Aluadjacent gene group. LTR-dominant methylation type that
was related with gastric cancer was defined as when the
number of overmethylation involving at least one Alu-adjacent gene was higher in the LTR-adjacent gene group than
that in the Alu-adjacent gene group. ORs and 95% CIs for the
association between LTR-dominant methylation type and
risk of gastric cancer or dysplasia were calculated (Table 2).
LTR-dominant methylation type was more strongly associated with gastric cancer patients (OR, 5.2; 95% CI, 2.8 to 9.8)
than with dysplasia patients (OR, 2.5; 95% CI, 1.3 to 4.8).
According to atrophic level, the LTR-dominant methylation
type was associated with cancer risk (OR, 5.3; 95% CI, 2.0 to
VOLUME 51 NUMBER 1 JANUARY 2019
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Table 2. Adjusted odds ratios for the associations of LTR-dominant methylation type with gastric dysplasia or cancer
No. (%)
LTR-dominant methylation type
Absence
Presence
LTR-dominant methylation type stratified
by level of gastric mucosal atrophy
Absence, mild
Absence, moderate
Absence, severe
Presence, mild
Presence, moderate
Presence, severe

OR (95% CI)a)

Cancer, n (%)

OR (95% CI)a)

82 (69)
36 (31)

1.0 (
2.5 (1.3-4.8)

54 (55)
45 (45)

1.0 (
5.2 (2.8-9.8)

20 (17)
22 (18)
40 (34)
3 (3)
7 (6)
26 (22)

1.0 (
1.2 (0.6-2.6)
4.8 (2.1-10.9)b)
1.3 (0.3-5.9)
2.4 (0.8-7.4)
11.3 (3.3-38.1)b)

21 (21)
16 (16)
17 (17)
6 (6)
15 (15)
24 (25)

1.0 (
1.0 (0.5-2.1)
2.8 (1.1-6.8)b)
2.9 (0.9-9.6)
5.3 (2.0-14.1)b)
14.5 (4.3-49.1)b)

Control

Dysplasia

182 (89)
23 (11)

88 (43)
62 (30)
16 (8)
9 (4)
10 (5)
4 (2)

OR, odds ratio; CI, confidence interval. a)Estimated using multinomial logistic regression analysis (reference category: Helicobacter pylori–positive and negative cases) adjusted for sex and age, b)Statistically significant association.

14.1), but not with dysplasia risk (OR, 2.4; 95% CI, 0.8 to 7.4)
in moderate atrophic cases. It was frequently detected in both
cancer patients (OR, 14.5; 95% CI, 4.3 to 49.1) and dysplasia
patients (OR, 11.3; 95% CI, 3.3 to 38.1) with severe atrophy.

Discussion
H. pylori infection induces a various number of methylation-inducible mucosal cells from individual to individual.
Despite the cyclic replacement of glandular stem cells [7], few
studies have demonstrated cyclic methylation peaks. TFF2 is
strongly expressed in both the antrum and body, playing a
master role in induction of stem cell trans-differentiation
[14,17]. Strong expression of this master gene made no
increase in H. pylori–associated methylation. Antrum-specific
TFF3 and body-specific GHRL were undermethylated in the
antrum and body, respectively [14]. This is in accordance with
an inverse relationship between transitional-CpG methylation and gene expression [23]. Strong expression of master
genes is organized by priority to reestablish new stem cell
phenotypes and to lead stem cell repopulation [17]. The tissue-specific methylation can periodically fluctuate under the
influence of gene expression after the establishment of new
stem cell phenotypes [24]. The results of stomach-specific
gene methylation might represent the cyclic repopulation of
stem cells under the influence of gene expression rather than
by accidental events.
Housekeeping genes containing CpG islands made slow
methylation curves. This suggests that CpG-island genes
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keep their overmethylation for a long time in order to stabilize newly established cell phenotypes. H. pylori–associated
TFF3 methylation was found to mark three overmethylation
peaks at three levels of gastric mucosal atrophy (Fig. 2C).
Rapid TFF3 overmethylation was found earlier than Alualone overmethylation in H. pylori–positive controls with
mild atrophy, indicating an early stage of overmethylation.
The age of TFF3+Alu overmethylation appeared at similar
intervals among mild (51 years), moderate (58 years), and
severe (63 years) atrophic cases. Whereas, the age of moderate atrophic cases (54 years) was close to that of mild atrophic
cases (52 years). The age of stomach-specific gene methylation is thought to represent cyclic methylation changes at certain times.
H. pylori–positive controls with moderate mucosal atrophy
demonstrated TFF3 overmethylation existing in a wide range
of APC methylation (Fig. 2C). This implies that the moderate
atrophic cases involve several methylation cycles. There was
a significant difference in the mean age between early Alualone overmethylation and late TFF3+Alu overmethylation
in the moderate mucosal atrophic cases (Fig. 3B). H. pylori–
positive controls with moderate mucosal atrophy appeared
to include two distinct cycles of transitional-CpG methylation, each of which resulted from early-onset and late-onset
mucosal atrophy. Early-onset moderate mucosal atrophy is
likely to impede TFF3 overmethylation at primary methylation cycle. Meanwhile, late TFF3+Alu overmethylation at the
mean age of 58 years presents early overmethylation in cases
of late-onset mucosal atrophy. The age of early Alu-alone
overmethylation (49 years) in moderate atrophic cases was
comparable with that of TFF3+Alu overmethylation in mild
atrophic cases (51 years). This suggests that the cyclic repop-
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ulation of stem cells is initiated at a certain period regardless
of the level of gastric mucosal atrophy.
LTR-adjacent overmethylation not Alu-adjacent overmethylation was significantly frequent in cancer patients (Fig. 1).
In cancer patients, early-onset atrophic changes, inducing a
high number of methylation-inducible cells, might fail to
increase Alu-adjacent methylation. Indeed, previous studies
on Alu retroelements have demonstrated hypomethylation
changes in H. pylori-infected subject with severe atrophy and
patients with gastric cancer [25]. Alu-adjacent overmethylation was found to be later in gastric cancer patients with
moderate atrophy (58 years) than in H. pylori–positive controls with mild (51 years) or moderate atrophy (49 years)
(Fig. 3B). The Alu-adjacent CpG-island genes can produce
Alu RNAs to quickly stabilize cell phenotypes prior to transitional-CpG methylation [11,17]. There appears to be a window of Alu RNA-dependent stabilization during the expansion of new stem cells. Cancer-risk moderate atrophy may
prolong the Alu RNA-dependent step of phenotypic stabilization for a cycle of glandular cell repopulation. The risk of
gastric cancer seems to be initiated with impeding phenotype-stabilizing methylation of new stem cells. LTR-adjacent
overmethylation was frequent in both cancer and dysplasia
patients at a severe level of gastric mucosal atrophy (Fig. 1B).
Methylation-inducible cells are likely to transform into cancerous cells and subsequently into dysplastic cells.
The proportion of TFF3+Alu overmethylation was low in
gastric cancer (20%) and dysplasia (17%) patients with severe
atrophic cases (Fig. 3C). However, the proportion of Aluadjacent overmethylation tended to be increased in both cancer and dysplasia patients (Fig. 3C). Such increased methylation of CpG-island genes can change the epigenetic status
of new stem cells from unstable to stable during subsequent
cell repopulation. Gastric mucosa appears to be at a relatively
low risk for cancer in severe atrophic cases, even though neoplastic transformation into both gastric cancer and dysplasia
occur frequently in such cases.
CpG-island methylation was not increased in dysplasia
patients with moderate atrophy (66 years) who were older
than gastric cancer patients (58 years) (Figs. 1B and 3A). This
suggests that weak H. pylori infection introduces late-onset
slow-progressing gastric mucosal atrophy, staying at a moderate level, and leads to a low number of methylationinducible cells.
In previous prospective studies, intense early-onset H.
pylori infection has been found to be able to elevate the risk
of gastric cancer, which will induce severe mucosal atrophy
eventually [1,3]. Both cancer (66 years) and dysplasia (68
years) patients with severe atrophy showed frequent LTRadjacent overmethylation at similar ages (Figs. 1B and 3A).
It is likely that early-onset moderate atrophy progresses rapidly toward severe atrophy. The window period for devel-

oping gastric cancer is predictable based on the following
sequence of H. pyloriassociated events: intense H. pylori
infectionearly-onset rapid-progressing moderate atrophyimpeded Alu-adjacent methylation and increased LTRadjacent methylationsevere atrophy.
Cancer risk of gastric mucosal atrophy has been assessed
previously by endoscopic recognition of the atrophic border
and by the Sydney system including histologic examination
of biopsies [21,26]. There are good agreements between the
two atrophy-staging systems. A prospective study on gastric
cancer occurrence, involving 5,373 subjects (mean age, 50
years) over 10 years has reported that the relative risk of gastric cancer is the greatest among subjects with moderate
atrophy [27]. The peak value of relative risk is reached after
4-6 years of follow-up, followed by attenuation with age and
severe atrophic changes. These findings are in accordance
with our results showing that rapid-progressing atrophy
impeding methylation (mean age, 58 years) is followed by
severe atrophy with a low risk of gastric cancer. However,
atrophy-staging systems provide little practical information
at the time of endoscopic examination because neither endoscopic findings nor histological parameters are available for
the identification of rapid-progressing moderate atrophy. On
the other hand, cancer-related methylation type associated
with an increased risk of gastric cancer can be useful for highrisk individual detection at a moderate level of gastric
mucosal atrophy (Table 2).
Previous studies on H. pylori-associated methylation have
mainly concentrated on weakly methylated CpG-island centers without considering transitional-CpG sites [18]. There
are considerable inter-observer differences on the association
of hypermethylated CpG-island centers with inactivation of
tumor suppressor genes (S9 Table) [28]. When the type of
retroelements adjacent to genes examined in previous studies was analyzed, most CpG islands were classified as Alu
retroelements. Only a small number of CpG islands were
classified as LTR retroelements or no retroelement. Among
six studies on the CpG-island centers of LTR-adjacent
CDKN2A, two displayed a higher level of methylation in cancer patients than that in H. pyloripositive controls. However,
this was not observed in the other four studies. These inconsistent results might be due to weak methylation of the CpGisland centers that show a lack of reproducibility with different detection methods and various arbitrary cutoff points.
The transitional-CpG sites displayed a wide range of methylation variations compared with the CpG-island centers in
cell-differentiation and human gastric cancer studies [19,20].
In addition, site-specific methylation changes were clearly
observed in the transitional-CpG sites, but not in the CpGisland centers [15,18]. Therefore, the transitional-CpG sites
are profitable for clarifying H. pyloriassociated methylation
(Fig. 1A).
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A phenotypic shift from undifferentiated to differentiated
types is clearly observed in both intestinal metaplasia and
gastric cancer [12,13]. These findings imply that new gastric
stem cells at an early adaptation stage are prone to restore
properties of mesenchymal cells. So the possibility of metaplastic or neoplastic differentiation reaches a peak at an
unstable step of phenotypic stabilization, suggesting that
both intestinal metaplasia and gastric cancer appear as a
paracancerous phenomenon, not a precancerous cascade
[29]. Gastric dysplasia may also result from a paracancerous
phenomenon. Gastric cancer is closely associated with highgrade dysplasia compared with low-grade dysplasia [30].
Morphological similarities of gastric dysplasia and cancer
implicate a cause-and-effect relationship between gradual
phenotypic stabilization and aberrant differentiation rather
than a dysplasia-cancer sequence. Accordingly, gastric dysplasia might occur earlier or later than gastric cancer for the
period of impeded CpG-island methylation.
In conclusion, moderate atrophy of the gastric mucosa
impedes phenotype-stabilizing Alu-adjacent methylation for
nine years (a cycle of glandular stem cell repopulation) in
gastric cancer patients, but not in dysplasia patients. The risk
of gastric dysplasia could arise later than that of gastric can-

cer during phenotypic stabilization which grows with transitional-CpG methylation. The window period for developing gastric cancer may be predicted by analyzing the age of
transitional-CpG methylation and the level of gastric mucosal atrophy.
Electronic Supplementary Material
Supplementary materials are available at Cancer Research and
Treatment website (https://www.e-crt.org).
Conflicts of Interest
Conflict of interest relevant to this article was not reported.
Acknowledgments
We acknowledge Sung-Ja Kim, Ji-Yon Jang, and Hye-Jung Lee for
their excellent technical assistance.
This study was funded by Basic Science Research Program through the National Research Foundation of Korea funded by the Ministry of Education (2015R1D1A101059548).

References
1. Huang JQ, Sridhar S, Chen Y, Hunt RH. Meta-analysis of the
relationship between Helicobacter pylori seropositivity and
gastric cancer. Gastroenterology. 1998;114:1169-79.
2. Correa P, Houghton J. Carcinogenesis of Helicobacter pylori.
Gastroenterology. 2007;133:659-72.
3. Yoshida T, Kato J, Inoue I, Yoshimura N, Deguchi H, Mukoubayashi C, et al. Cancer development based on chronic
active gastritis and resulting gastric atrophy as assessed by
serum levels of pepsinogen and Helicobacter pylori antibody
titer. Int J Cancer. 2014;134:1445-57.
4. Kim H, Hwang Y, Sung H, Jang J, Ahn C, Kim SG, et al. Effectiveness of gastric cancer screening on gastric cancer incidence
and mortality in a community-based prospective cohort. Cancer Res Treat. 2018;50:582-9.
5. Whiting JL, Sigurdsson A, Rowlands DC, Hallissey MT, Fielding JW. The long term results of endoscopic surveillance of
premalignant gastric lesions. Gut. 2002;50:378-81.
6. Lee JH, Abraham SC, Kim HS, Nam JH, Choi C, Lee MC, et al.
Inverse relationship between APC gene mutation in gastric
adenomas and development of adenocarcinoma. Am J Pathol.
2002;161:611-8.
7. Shibata D. Inferring human stem cell behaviour from epigenetic drift. J Pathol. 2009;217:199-205.
8. Korbling M, Katz RL, Khanna A, Ruifrok AC, Rondon G,

278

CANCER RESEARCH AND TREATMENT

Albitar M, et al. Hepatocytes and epithelial cells of donor origin in recipients of peripheral-blood stem cells. N Engl J Med.
2002;346:738-46.
9. Yu S, Yang M, Nam KT. Mouse models of gastric carcinogenesis. J Gastric Cancer. 2014;14:67-86.
10. Wang F, Meng W, Wang B, Qiao L. Helicobacter pyloriinduced gastric inflammation and gastric cancer. Cancer Lett.
2014;345:196-202.
11. Rhyu MG, Oh JH, Hong SJ. Species-specific role of gene-adjacent retroelements in human and mouse gastric carcinogenesis. Int J Cancer. 2018;142:1520-7.
12. Moriguchi S, Kamakura T, Odaka T, Nose Y, Maehara Y,
Korenaga D, et al. Clinical features of the differentiated and
undifferentiated types of advanced gastric carcinoma: univariate and multivariate analyses. J Surg Oncol. 1991;48:202-6.
13. Tatematsu M, Tsukamoto T, Inada K. Stem cells and gastric
cancer: role of gastric and intestinal mixed intestinal metaplasia. Cancer Sci. 2003;94:135-41.
14. Hong SJ, Lee HJ, Oh JH, Jung SH, Min KO, Choi SW, et al.
Age-related methylation patterning of housekeeping genes
and tissue-specific genes is distinct between the stomach
antrum and body. Epigenomics. 2013;5:283-99.
15. Oh JH, Rhyu MG, Jung SH, Choi SW, Kim SI, Hong SJ. Slow
overmethylation of housekeeping genes in the body mucosa

Jung-Hwan Oh, Cancer-Risk Methylation in Gastric Cancer Patients

is associated with the risk for gastric cancer. Cancer Prev Res
(Phila). 2014;7:585-95.
16. Ji H, Ehrlich LI, Seita J, Murakami P, Doi A, Lindau P, et al.
Comprehensive methylome map of lineage commitment from
haematopoietic progenitors. Nature. 2010;467:338-42.
17. Rhyu MG, Oh JH, Hong SJ. Epigenetic implication of geneadjacent retroelements in Helicobacter pylori-infected adults.
Epigenomics. 2012;4:527-35.
18. Maekita T, Nakazawa K, Mihara M, Nakajima T, Yanaoka K,
Iguchi M, et al. High levels of aberrant DNA methylation in
Helicobacter pylori-infected gastric mucosae and its possible
association with gastric cancer risk. Clin Cancer Res. 2006;12
(3 Pt 1):989-95.
19. Kim YH, Hong SJ, Jung YC, Kim SJ, Seo EJ, Choi SW, et al. The
5'-end transitional CpGs between the CpG islands and retroelements are hypomethylated in association with loss of heterozygosity in gastric cancers. BMC Cancer. 2006;6:180.
20. Kang MI, Kim HS, Jung YC, Kim YH, Hong SJ, Kim MK, et al.
Transitional CpG methylation between promoters and retroelements of tissue-specific genes during human mesenchymal
cell differentiation. J Cell Biochem. 2007;102:224-39.
21. Kimura K, Takemoto T. An endoscopic recognition of the
atrophic border and its significance in chronic gastritis.
Endoscopy. 1969;1:87-97.
22. Hong SJ, Kang MI, Oh JH, Jung YC, Kim YH, Kim SJ, et al.
DNA methylation and expression patterns of key tissue-specific genes in adult stem cells and stomach tissues. J Korean
Med Sci. 2009;24:918-29.
23. Weber M, Hellmann I, Stadler MB, Ramos L, Paabo S, Rebhan

M, et al. Distribution, silencing potential and evolutionary
impact of promoter DNA methylation in the human genome.
Nat Genet. 2007;39:457-66.
24. Polo JM, Anderssen E, Walsh RM, Schwarz BA, Nefzger CM,
Lim SM, et al. A molecular roadmap of reprogramming
somatic cells into iPS cells. Cell. 2012;151:1617-32.
25. Yoshida T, Kato J, Maekita T, Yamashita S, Enomoto S, Ando
T, et al. Altered mucosal DNA methylation in parallel with
highly active Helicobacter pylori-related gastritis. Gastric Cancer. 2013;16:488-97.
26. Liu Y, Uemura N, Xiao SD, Tytgat GN, Kate FJ. Agreement
between endoscopic and histological gastric atrophy scores. J
Gastroenterol. 2005;40:123-7.
27. Inoue M, Tajima K, Matsuura A, Suzuki T, Nakamura T,
Ohashi K, et al. Severity of chronic atrophic gastritis and subsequent gastric cancer occurrence: a 10-year prospective cohort
study in Japan. Cancer Lett. 2000;161:105-12.
28. Sapari NS, Loh M, Vaithilingam A, Soong R. Clinical potential
of DNA methylation in gastric cancer: a meta-analysis. PLoS
One. 2012;7:e36275.
29. Meining A, Morgner A, Miehlke S, Bayerdorffer E, Stolte M.
Atrophy-metaplasia-dysplasia-carcinoma sequence in the
stomach: a reality or merely an hypothesis? Best Pract Res Clin
Gastroenterol. 2001;15:983-98.
30. de Vries AC, van Grieken NC, Looman CW, Casparie MK, de
Vries E, Meijer GA, et al. Gastric cancer risk in patients with
premalignant gastric lesions: a nationwide cohort study in the
Netherlands. Gastroenterology. 2008;134:945-52.

VOLUME 51 NUMBER 1 JANUARY 2019

279

pISSN 1598-2998, eISSN 2005-9256
https://doi.org/10.4143/crt.2018.079

Cancer Res Treat. 2019;51(1):280-288

Open Access

Original Article

Different Patterns of Risk Reducing Decisions in Affected or Unaffected
BRCA Pathogenic Variant Carriers

Eun-Gyeong Lee, MD1
Hyok Jo Kang, MD1
Myong Cheol Lim, MD, PhD2,3,4
Boyoung Park, MD, PhD2
Soo Jin Park, MD1
So-Youn Jung, MD, PhD1
Seeyoun Lee, MD, PhD1
Han-Sung Kang, MD, PhD1
Sang-Yoon Park, MD, PhD3,5
Boram Park, MS6
Jungnam Joo, PhD6
Jai Hong Han, MD1
Sun-Young Kong, MD, PhD2,7
Eun Sook Lee, MD, PhD1,2

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

+ Correspondence:
+ + + + + + +Eun
+ +Sook
+ +Lee,
+ +MD,
+ +PhD
++++
+ Center
+ + +for+ Breast
+ + +Cancer,
+ + + Research
+ + + +Institute
+ + + and
++
+ Hospital
+ + + +National
+ + + Cancer
+ + + Center,
+ + + 323
+ +Ilsan-ro,
++++
+ Ilsandong-gu,
+ + + + + + + + + 10408,
++++++++++
+ + + + + + +Goyang
+ + + + + +Korea
+++++++
+ Tel:
+ +82-31-920-1510
+++++++++++++++++
+ Fax:
+ +82-31-920-1511
+++++++++++++++++
+ E-mail:
+ + + eslee@ncc.re.kr
++++++++++++++++
++++++++++++++++++++
+ Co-correspondence:
+ + + + + + + + Sun-Young
+ + + + +Kong,
+ + MD,
+ + PhD
++
+ Graduate
+ + + +School
+ + +of+Cancer
+ + +Science
+ + +and
+ +Policy,
+++
+ Genetic
+ + + Counselling
+ + + + + Clinics,
+ + + Hospital,
++++++++
+ National
+ + + +Cancer
+ + +Center,
+ + +323
+ Ilsan-ro,
++++++++
+ Ilsandong-gu,
+ + + + + +Goyang
+ + + 10408,
+ + +Korea
+++++++
+ Tel:
+ +82-31-920-1735
+++++++++++++++++
+ Fax:
+++++++++++++++++++
+ + +82-31-920-1268
+++++++++++++++++
E-mail:
+ + + + ksy@ncc.re.kr
++++++++++++++++
++++++++++++++++++++
+ Received
+ + + +February
+ + + +1, +2018
++++++++++
+ Accepted
+ + + + May
+ + 2,+2018
++++++++++++
+ Published
+ + + + Online
+ + + May
+ + 4,+2018
+++++++++
++++++++++++++++++++

280

Purpose
The purpose of this study was to investigate decision patterns to reduce the risks of BRCArelated breast and gynecologic cancers in carriers of BRCA pathogenic variants. We found
a change in risk-reducing (RR) management patterns after December 2012, when the
National Health Insurance System (NHIS) of Korea began to pay for BRCA testing and riskreducing salpingo-oophorectomy (RRSO) in pathogenic-variant carriers.
Materials and Methods
The study group consisted of 992 patients, including 705 with breast cancer (BC), 23 with
ovarian cancer (OC), 10 with both, and 254 relatives of high-risk patients who underwent
BRCA testing at the National Cancer Center of Korea from January 2008 to December
2016.We analyzed patterns of and factors in RR management.
Results
Of the 992 patients, 220 (22.2%) were carriers of BRCA pathogenic variants. About 92.3%
(203/220) had a family history of BC and/or OC, which significantly differed between BRCA1
and BRCA2 carriers (p < 0.001). All 41 male carriers chose surveillance. Of the 179 female
carriers, 59 of the 83 carriers (71.1%) with BC and the 39 of 79 unaffected carriers (49.4%)
underwent RR management. None of the carriers affected with OC underwent RR management. Of the management types, RRSO had the highest rate (42.5%) of patient choice. The
rate of RR surgery was significantly higher after 2013 than before 2013 (46.3% [74/160]
vs. 31.6% [6/19], p < 0.001).
Conclusion
RRSO was the preferred management for carriers of BRCA pathogenic variants. The most
important factors in treatment choice were NHIS reimbursement and/or the severity of illness.

Key words
BRCA1, BRCA2, Familial breast cancer, Ovarian neoplasms,
Prophylactic surgical procedure
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Introduction
Pathogenic variants of BRCA1 and BRCA2 result in hereditary breast-ovarian cancer syndrome (HBOS) in affected persons [1]. Activating mutations in BRCA1 and BRCA2 are
present in approximately16%-25% of hereditary breast cancers (BCs) [2,3], 5%-10% of all BCs [4], and 15% of ovarian
cancers (OC) [5]. BRCA pathogenic variants are also associated with an increased risk of developing any invasive cancer
[6]. Risk-reducing mastectomy (RRM) reduces the lifetime
risk of BC diagnosis [7]; and salpingo-oophorectomy is the
single most effective method to prevent ovarian and fallopian tube cancer in women with a BRCA pathogenic variant
[8,9]. Current National Comprehensive Cancer Network
(NCCN) guidelines recommend risk-reducing salpingooophorectomy (RRSO) at age 35-45 years and after completion of child bearing. Patients who undergo RRM can select
from various procedural options, each associated with a different risk of subsequently developing BC, and reconstruction options [10]. In Western countries, RRSO was the approach of choice to reduce the OC risk in about 50%-70% of
patients with pathogenic variants of BRCA1 and BRCA2
undergoing risk-reducing (RR) management [3,11]. However, there are few reports about RR management in Asia. In
December 2012, the National Health Insurance System
(NHIS) of Korea approved reimbursement of BRCA testing
and RRSO in patients suspected of having a BRCA1/2 mutation. The patterns of RR management began changing after
NHIS instituted its new policy. However, RR management
decision-making remains difficult because of various individual factors.
A recent retrospective study revealed that the rate of RRSO
among female carriers of BRCA mutations in Korea was
affected by the presence of amenorrhea and consultation
with gynecologic oncologists [12]. To date, the types of RR
management in Korean carriers of BRCA pathogenic variants, including unaffected pathogenic variant carriers, have
not been evaluated. To address this gap in research, this
study was designed to identify RR management patterns in
Korean carriers of BRCA1 and BRCA2 pathogenic variants.

Materials and Methods
1. Study population
This study was designed as a retrospective cohort study.
We evaluated the medical records of 992 consecutive
patients, including those with breast and/or OC as well as

relatives of high-risk patients, who underwent BRCA testing
from January 2008 to December 2016 at the National Cancer
Center of Korea (Goyang, Korea). Based on the standards of
the National Medical Insurance Reimbursement in Korea,
patients with BC and OC and a family history of BC or OC,
early onset BC (diagnosed at age  40 years), bilateral BC,
both BC and OC, male BC, or multi-organ cancer are recommended to undergo testing for BRCA1/2 pathogenic variants.
2. Genetic testing and RR management
BRCA mutations were determined by direct gene sequencing. Some patients without pathogenic variants who agreed
to additional testing were further evaluated by BRCA deletion/duplication analysis using multiplex ligation-dependent probe amplification (MLPA) kits. Of the 992 individuals
who underwent BRCA testing, 220 (22.2%) had BRCA pathogenic variants, including 125 (12.6%) with BRCA1 variants
and 95 (9.6%) with BRCA2 variants (Fig. 1).
After patients with BRCA1/2 pathogenic variants were
identified by genetic testing, the carriers met with a genetic
counselor or various clinical experts, such as surgeons,
oncologists specializing in BC, or gynecologic oncologists.
Carriers were advised about appropriate risk reduction
options according to carriers’ preference, disease severity,
and expert advice on RR management.
RR management methods presented to carriers included
RR surgery and chemoprevention. Chemoprevention included oral contraceptives, olaparib for patients with OC, and
tamoxifen for hormone-receptor positive patients with BC.
RR surgery included RRM and RRSO. For carriers who
elected surveillance, BC and OC screening at 6-month intervals was recommended. Of the 220 BRCA pathogenic-variant
carriers, 98 (44.5%) underwent RR management.
3. Statistical analysis
Statistical analysis was performed using SAS 9.4 software
(SAS Institute Inc., Cary, NC). The distribution of clinicopathological characteristics in BRCA1 and BRCA2 pathogenic-variant carriers were compared, and the factors affecting RR management in the female carriers were assessed
appropriately, depending on the characteristics of each variable. Male carrier patients were excluded from the analysis
of RR management patterns. Continuous variables were
analyzed using Student’s t test and represented as the mean±
standard deviation, whereas categorical variables were analyzed using Pearson’s chi-square test or Fisher exact test, as
appropriate, and represented as frequency and percentages.
Statistical significance was defined as p < 0.05.
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Subjects (n=992)
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variant (n=220)
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Ovarian
cancer
(n=10)

BRCA1
(n=6)
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(n=4)
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cancer
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(n=7)
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(n=6)
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Fig. 1. Flow diagram of study subjects. Genetic testing included direct sequencing and multiple ligation-dependent probe
amplification analysis. A total of 220 carriers of pathogenic variants, including 125 with BRCA1 gene variants and 95 with
BRCA2 gene variants, were identified.

4. Ethical statement
The informed consent was waived and this study was
approved by the Institutional Review Board of the Korean
National Cancer Center (Goyang, Korea; approval no. NCC2017-0219).

Results
1. Comparison of BRCA1 vs. BRCA2
Of the 220 carriers of BRCA pathogenic variants, 125 had
BRCA1 mutations, and 95 had BRCA2 mutations. Table 1
shows the clinical and pathological characteristics of these
patients. The mean ages of these two groups were 39.3 and
43.7 years, respectively (p=0.009). The 220 carriers included
179 women and 41 men (p=0.100). None of these carriers had
mutations in both the BRCA1 and BRCA2 genes.
The 220 individuals consisted of 83 patients with BC, 10
with OC, and seven with both, as well as 120 unaffected carriers (p=0.010). Approximately 92.3% (203/220) had a family
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history of BC and/or OC, including 117 (93.6%) of the 125
with BRCA1 mutations and 86 (90.5%) of the 95 with BRCA2
mutations (p < 0.001). The rate of family OC history was significantly higher (50.4% vs. 22.1%) and the rate of family BC
history significantly lower (19.2% vs. 56.8%) in carriers of
BRCA1 than in carriers of BRCA2 pathogenic variants. The
rate of family BC history was also significantly lower in carriers of BRCA1 than in carriers of BRCA2 pathogenic variants
with BC (44.4% vs. 78.7%, p=0.003). However, rates of early
onset and bilateral BC, as well as stage of BC, did not differ
significantly in carriers of BRCA1 and BRCA2 pathogenic
variants. The most common BC subtypes in carriers of
BRCA1 and BRCA2 mutations were basal-like (72.2% vs.
21.3%) and luminal A type (19.4% vs. 70.2%), respectively
(p < 0.001). The percentages of carriers of BRCA1 and BRCA2
pathogenic variants did not differ significantly in patients
with OC. In unaffected carriers of BRCA pathogenic variants,
the rate of family BC history was significantly higher in carriers of BRCA2 than in carriers of BRCA1 pathogenic variants
(3.9% vs. 39.5%), whereas the rate of familial OC history was
significantly higher in BRCA1 than in BRCA2 variants (68.8%
vs. 37.2%, p < 0.001).
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Table 1. Overall characteristics of BRCA pathogenic variant carriers
Clinicopathological characteristic
BRCA pathogenic variant carriers
Age (yr)
Sex
Male
Female
Familial history
None
Breast cancer
Ovarian cancer
Both breast and ovarian cancer
Affected carriers with breast cancer
Age (yr)
Familial history
None
Breast cancer
Ovarian cancer
Both breast and ovarian cancer
Early onset breast cancer
No
Yes
Bilaterality of breast cancer
No
Yes
Stage of breast cancer
Tis
I
II
III
IV
Subtypes of breast cancer
Luminal A
Luminal B
HER2
Basal
Affected carriers with ovary cancer
Age (yr)
Stage of ovarian cancer
I
II
III
IV
Unknown
Familial history
None
Breast cancer
Ovarian cancer
Both breast and ovarian cancer

Total

BRCA1

BRCA2

p-value

220
41.23±12.59

125 (
39.32±12.83

95 (
43.75±11.86

0.010

41
179

28 (22.4)
97 (77.6)

13 (13.7)
82 (86.3)

0.100

8 (6.4)
24 (19.2)
63 (50.4)
30 (24.0)
36 (
43.78±8.61

9 (9.5)
54 (56.8)
21 (22.1)
11 (11.6)
47 (
45.96±9.14

< 0.001

14
53
8
8

7 (19.4)
16 (44.4)
6 (16.7)
7 (19.4)

7 (14.9)
37 (78.7)
2 (4.3)
1 (2.1)

0.003

69
14

28 (77.8)
8 (22.2)

41 (87.2)
6 (12.8)

0.254

70
13

33 (91.7)
3 (8.3)

37 (78.7)
10 (21.3)

0.108

3
32
41
6
1

2 (5.6)
14 (38.9)
16 (44.4)
4 (11.1)
0(

1 (2.1)
18 (38.3)
25 (53.2)
2 (4.3)
1 (2.1)

0.602

7 (19.4)
2 (5.6)
1 (2.8)
26 (72.2)
6(
52.33±8.57

33 (70.2)
3 (6.4)
1 (2.1)
10 (21.3)
4(
54±3.83

< 0.001

2
2
2
3
1

1 (16.7)
1 (16.7)
2 (33.3)
1 (16.7)
1 (16.7)

1 (25.0)
1 (25.0)
0(
2 (50.0)
0(

0.886

2
1
5
2

0(
1 (16.7)
3 (50.0)
2 (33.3)

2 (50.0)
0(
2 (50.0)
0(

0.333

17
78
84
41
83
45.01±8.92

40
5
2
36
10
53±6.82

0.273

0.728

(Continued to the next page)
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Table 1. Continued
Clinicopathological characteristic

Total

BRCA1

BRCA2

p-value

Unaffected carriers
Age (yr)
Familial history
Breast cancer
Ovarian cancer
Both breast and ovarian cancer

120
37±13.6

77 (
35.23±13.22

43 (
40.16±13.84

0.057

20
70
30

3 (3.9)
53 (68.8)
21 (27.3)

17 (39.5)
16 (37.2)
9 (20.9)

< 0.001

Values are presented as the mean±standard deviation or the number (%).
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Fig. 2. Types of risk-reducing management applied to female BRCA1/2 pathogenic variant carriers over time. (A) Types of
risk-reducing management chosen by affected female BRCA1/2 pathogenic-variant carriers with breast cancer and by unaffected carriers. (B) Numbers of women who underwent risk-reducing surgery before and after 2013, the year National Health
Insurance System began reimbursing for BRCA testing and risk-reducing salpingo-oophorectomy in pathogenic-variant carriers. RRSO, riskreducing salpingo-oophorectomy; RRM, risk-reducing mastectomy.
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Table 2. Factors affecting risk-reducing management patterns in female BRCA1/2 pathogenic-variant carriers
Factor
BRCA1/2 pathogenic variant carriers
Age (yr)
BRCA mutation
BRCA 1
BRCA 2
Type of carriers
Affected carriers with breast cancer
Affected carriers with ovary cancer
Affected carriers with both cancer
Unaffected carriers
Familial history
None
Breast cancer
Ovarian cancer
Both breast and ovarian cancer
Affected carriers with breast cancer
Age (yr)
Familial history
None
Breast cancer
Ovarian cancer
Both breast and ovarian cancer
Early onset breast cancer
No
Yes
Bilaterality of breast cancer
No
Yes
Stage of breast cancer
Tis
I
II
III
IV
Subtypes of breast cancer
Luminal A
Luminal B
HER2
Basal
Unaffected carriers
Age (yr)
Familial history
Breast cancer
Ovarian cancer
Both breast and ovarian cancer

Total
number

Not performed
RR management

Performed
RR management

179
43.15±12.26

81 (
43.58±13.32

98 (
42.79±11.37

97
82

47 (58.0)
34 (42.0)

50 (51.0)
48 (49.0)

0.349

83
10
7
79

24 (29.6)
10 (12.4)
7 (8.6)
40 (49.4)

59 (60.2)
0(
0(
39 (39.8)

< 0.001

8 (9.9)
27 (33.3)
33 (40.7)
13 (16.1)
24 (
41.13±7.80

9 (9.2)
45 (45.9)
27 (27.6)
17 (17.3)
59 (
46.59±8.93

0.249

14
53
8
8

5 (20.8)
14 (58.3)
3 (12.5)
2 (8.3)

9 (15.3)
39 (66.1)
5 (8.5)
6 (10.2)

0.853

69
14

16 (66.7)
8 (33.3)

53 (89.8)
6 (10.2)

0.020

70
13

21 (87.5)
3 (12.5)

49 (83.1)
10 (17)

0.748

3
32
41
6
1

0(
9 (37.5)
13 (54.2)
1 (4.2)
1 (4.2)

3 (5.1)
23 (39)
28 (47.5)
5 (8.5)
0(

0.489

40
5
2
36
79
39.14±14.56

11 (45.8)
1 (4.2)
0(
12 (50)
40 (
41.20±16.34

29 (49.2)
4 (6.8)
2 (3.4)
24 (40.7)
39 (
37.03±12.33

0.930

14
46
19

8 (20.0)
24 (60.0)
8 (20.0)

6 (15.4)
22 (56.4)
11 (28.2)

17
72
60
30
83
45.01±8.92

p-value

0.667

0.011

0.205
0.659

Values are presented as the mean±standard deviation or the number (%). RR, risk-reducing.
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2. RR management of female carriers of BRCA1/2 pathogenic variants
All 41 male carriers chose surveillance. RR management
patterns in female carriers of BRCA1/2 pathogenic variants
are presented in Fig. 2. Of these 179 women, 98 (54.7%)
underwent RR management, including 18 (10.1%) who
received chemoprevention and 80 (44.7%) who underwent
risk-reducing surgery (RRS), including RRSO in 76 patients,
RRM in one, and both in three. The remaining 81 patients
(45.3%) chose intensive surveillance, including both BC and
OC patients. Of the female BRCA1/2 pathogenic-variant carriers with BC, 59 (71.1%) underwent RR management, including RRSO in 53 patients, contralateral RRM in one, both in
three, and chemoprevention in two (p=0.8497). The distribution of BC subtype in the 56 affected carriers with BC who
underwent RRSO was 51.8% luminal A type, 7.1% luminal B
type, 3.6% HER-2 type, and 37.5% basal type.
None of the affected carriers with OC underwent RR management for BC. Of the 79 unaffected female carriers, 39
(49.4%) received RR management, including 23 (29.1%) who
underwent RRSO and 16 (20.3%) who received chemoprevention (p=0.495).
Insurance reimbursement started in 2013. The numbers of
carriers of pathogenic variants detected (160 vs. 19) and the
percentage who underwent RRS (46.3% [74/160] vs. 31.6%
[6/19], p < 0.001) were significantly higher after 2013 than
before 2013 (Fig. 2B).
3. Factors affecting RR management of female carriers of
BRCA1/2 pathogenic variants
The type of female carriers was significantly associated
with RR management (p < 0.001) (Table 2). In affected female
carriers with BC, older age was significantly associated with
RR management (p=0.011). However, in unaffected carriers,
age, type of BRCA pathogenic variant, and family history
were not significantly associated with RR management.

Discussion
In the current study, we investigated RR management patterns in BRCA1 and BRCA2 pathogenic-variant carriers,
including both affected and unaffected carriers. The prevalence of these pathogenic varinats was associated with both
familial and personal factors. Carriers of pathogenic variants
with both familial and personal factors were at much higher
risk of cancer [13]. RR management in carriers of BRCA
mutations has been studied more in Western than in Asian
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populations [3,14]. To our knowledge, this study involved
the largest number of Asian BRCA pathogenic-variant carriers managed by RR approaches.
We found that older age of affected carriers with BC was
significantly associated with RR management. Interestingly,
in unaffected carriers, age, family history, and type of BRCA
pathogenic variant were not associated with the decision to
undergo RR management. The results showed that carriers
may consider whether to undergo RR management differently depending on the type of carrier. Although a high percentage of BRCA carriers in a population-based health system
underwent RRSO, these women did not undergo RRSO by
the age recommended by the NCCN [14]. Older age was
found to be significantly associated with an increase in RRSO
rate [12]. According to the World Health Organization, the
fertility rates of Korean women are lower than in other populations. As the average age at the first marriage increased
in Korea, so has the age at the first childbirth. This may
explain the association we found between age and decision
to undergo RR management.
The prevalence of OC in our population was low. However, OC tends to be diagnosed at an advanced stage and has
a poorer survival rate than BC [15]. Moreover, carriers of
BRCA pathogenic variants were found to worry about developing OC [16,17]. Our findings were similar: the mean age
of RR management in carriers with BC was 46 years, and the
frequency of RR management was lower in patients with
early onset BC. The rate of RRSO was higher in unaffected
carriers with a family history of OC than in those with a
familial history of BC. Assessment of survival in our population showed that four (4.8%) affected carriers with BC, one
(10.0%) affected carrier with OC, and one (14.3%) affected
carrier with both died. Most affected carriers with OC had
advanced stage disease and were being treated with adjuvant chemotherapy. A review of pathologic reports of patients who underwent RR surgery showed that no woman
who underwent RRM was diagnosed with BC, whereas three
women who underwent RRSO were diagnosed with ovarian,
fallopian tube, or peritoneal cancer and required additional
treatment.
BC has a better prognosis than OC. BC screening is easier
and can detect early cancerous lesions. With recent advancements, reconstructive surgery after mastectomy has a low
rate of complications and increases patient satisfaction
[18,19]. However, RRM may destroy body image and be
costly, as it may not be reimbursed by insurance. A study of
women carriers of BRCA pathogenic variants showed that
those who opted for RRM were significantly more satisfied
with their decision than those who did not undergo surgery
[20]. A previous study showed RRM performed within 5
years was not cost effective when compared with BC screening for most BRCA pathogenic-variant carriers with OC [21].

Eun-Gyeong Lee, Patterns of Risk-Reducing Management

Interestingly, we found that RRM was less preferred by these
carriers, indicating that RRM must be chosen by patients.
In Korea, the detection of pathogenic variants and the performance of RRSs have changed over time. Since 2013, the
annual number of individuals with BRCA pathogenic variants has increased, as has the percentage undergoing surgery. These increases are largely due to insurance reimbursement for RRSO and genetic testing of family members by
the NHIS in Korea. Since October 2017, in carriers with BC,
RRM of the contralateral breast and reconstruction are also
covered. Future insurance coverage changes may further
affect the patterns of RRSs in BRCA pathogenic-variant carriers. Another possible factor in the change of RR management patterns is the “Angelina Jolie effect” after the movie
star Angelina Jolie, who is a BRCA pathogenic-variant carrier, underwent RRM despite being unaffected [22,23]. This
increased public attention to HBOS and RR management
[24]. In RR management, RRSO is a safe and simple surgery.
Recently, embryonic natural orifice transumbilical endoscopic surgery is performed efficiently with good cosmetic
outcome [25]. A meta-analysis of other studies on the efficacy
of RRSO reported hazard ratios of 0.21 (95% confidence
interval [CI], 0.12 to 0.39) for onset of ovarian and fallopian
tube cancer and 0.49 (95% CI, 0.37 to 0.65) for onset of BC,
indicating that the risk of developing these cancers was
reduced following RRSO [26]. A third reason for the increase
was the opening of genetic counseling clinics, with active
counselors and researchers [27,28]. Our study showed that
genetic testing and consulting have grown rapidly since
2013. Nevertheless, in this study, unaffected carriers paid less
attention to RR management, with about 36% lost to followup. Decisions on RR management may depend on the various factors, including family history, awareness of disease,
the individual’s environment, insurance reimbursement, and
age at detection of a BRCA mutation [29]. Improved education and genetic counseling support throughout the decisionmaking process have been found to enhance carriers’ overall
levels of satisfaction [30].
Our study had several limitations, despite assessing a
greater number of patients with RR management than in pre-

viously published studies. First, this study was a single-center retrospective study. Second, we could not perform MLPA
tests on all non-carriers of BRCA pathogenic variants. Third,
this study examined a heterogeneous cohort. Future multicenter studies are needed to provide more information on
patterns of RR management.
In this study, the older affected carriers with BC underwent more RR management, and RRSO was preferred to
RRM by both affected carriers with BC and unaffected carriers. This may have been due to the severity of illness and to
RRSO being the only RR strategy reimbursed by the NHIS.
Further long-term follow-up prospective studies of RR management are needed, including investigations into the effects
of genetic counseling, insurance payments, and social media
marketing.
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Health-Related Quality of Life, Perceived Social Support, and Depression
in Disease-Free Survivors Who Underwent Curative Surgery Only for Prostate,
Kidney and Bladder Cancer: Comparison among Survivors and with the General
Population
Purpose
The purpose of this study was to compare health-related quality of life (HRQoL) of diseasefree prostate (PC), kidney (KC), and bladder cancer (BC) survivors with that of the general
population.
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Materials and Methods
Our study included 331 urological cancer (UC) survivors (114 PC, 108 KC, and 109 BC)
aged  50 years disease-free for at least 1 year after surgery. The control group included
1,177 subjects without a history of cancer. The HRQoL was assessed using the European
Organization for Research and Treatment of Cancer QLQ-C30, the Duke-UNC Functional
Social Support Questionnaire, and the Patient Health Questionnaire-9.
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Results
There was no significant difference between the groups in terms of any of the functioning
sub-scales and symptoms, except significantly lower social functioning observed in BC survivors than that observed in KC survivors. Although the three groups of UC survivors showed
essentially similar functioning sub-scales and symptoms when compared to the general
population, PC and BC survivors showed significantly lower social functioning and a lower
appetite than that observed in controls. KC survivors showed lower physical functioning, as
well as higher pain and dyspnea. Although all three groups of UC survivors reported higher
financial difficulties, they also reported higher perceived social support than that reported
by the non-cancer control group. No statistically significant difference was observed in terms
of depressive symptoms between each group of UC survivors and the general population.
Conclusion
Disease-free survivors of the three major types of UCs showed generally similar HRQoL compared to the general population, as well as compared to each other.
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Introduction
Urological cancers (UCs) constitute a significant percentage of newly diagnosed cancer cases and are being detected
in increasing numbers in the aging population. Prostate cancer (PC), kidney cancer (KC), and bladder cancer (BC) constitute 4.5%, 2.1%, and 1.8%, respectively, of newly diagnosed cancer cases in Korea [1]. Additionally, the rapidly
increasing elderly population in Korea, as well as the adoption of a westernized diet and a growing trend of performing
routine health checkups has led to a recent increase in the
incidence of PC, KC, and BC with an annual percentage
change of 13.6%, 6.0%, and 1.5%, respectively [1].
Notably, survival of patients with UCs has also improved
over time owing to early diagnosis and availability of
advanced treatment [2-4]. The 5-year relative survival rates
for PC, KC, and BC have risen to 99%, 74%, and 79%, respectively, in the United States [3], 84.8%, 56.3%, and 55.5%,
respectively, in United Kingdom [4], and 93.3%, 81.3%, and
75.6%, respectively, in Korea [1,2]. Thus, the number of UC
survivors has increased, and their health-related qualityof-life (HRQoL) issues have been gaining attention, although
this is to a lesser extent than that observed with other cancers
such as breast, lung, and colorectal cancers. Moreover, previous quality of life (QoL) studies with respect to UCs have
primarily focused on issues that are specific to a particular
type of cancer (e.g., voiding and sexual function in PC and
BC patients) or a comparison of HRQoL based on the treatment method used in each category of UC patients. Few
studies have adequately addressed general HRQoL issues
including functioning and symptoms, perceived social support, and depression among UC survivors. Moreover, few
studies have analyzed the HRQoL of UC survivors compared to that of the general population.
Understanding the general QoL issues of UC survivors
would help clinicians provide comprehensive care to them.
In this study, we aimed to assess the general HRQoL among
disease-free survivors of surgically treated PC, KC, and BC
and to compare these results with the corresponding parameters obtained from the general population that served as
controls.

Materials and Methods
1. Cancer survivors
We identified UC survivors who had undergone curative
surgery for PC, KC, and BC at four University Hospitals
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between 2011 and 2013. Inclusion criteria for the study were
as follows: (1) patients aged  50 years, (2) those who were
diagnosed with one of the three types of UCs after undergoing curative surgery, and (3) those without any evidence of
recurrence for at least 1 year after surgery [5]. Although QoL
may decline considerably after active cancer treatment and
remain low for a short period thereafter, many side effects
are acute and short-lived, and the majority of disease-free
cancer survivors report good QoL 1-year post-treatment [5].
A total of 374 patients were selected during their regular visits to their urologists at outpatient clinics between April 2014
and December 2015. Exclusion criteria were (1) patients with
other primary cancers (n=17), (2) patients with metastatic disease (n=1), and (3) patients aged < 50 years or those with difficulties in communication due to mental or cognitive
impairment (n=25). Thus, our study population comprised
331 UC survivors (114 PC, 108 KC, and 109 BC). None of UC
survivors underwent adjuvant or salvage treatment after curative surgery.
To determine the general HRQoL in each UC survivors following various surgical methods that are used in clinical
practice, we did not confine our study to any particular type
of surgery, if it was performed with curative intent. For
example, while all PC survivors had been treated with a radical prostatectomy (RP: 18 open, 92 robot-assisted, and 4
laparoscopic), KC survivors had been treated with a radical
nephrectomy (65 patients [60.2%]: 29 open, 3 robot-assisted,
and 33 laparoscopic) or a partial nephrectomy (43 patients
[39.8%]: 18 open, 17 robot-assisted, and 8 laparoscopic).
Among the BC survivors, 68 (62.4%), 23 (21.1%), 15 (13.8%),
and three (2.7%) patients, respectively, underwent transurethral resection of bladder tumor, radical cystectomy with
ileal conduit, neobladder reconstruction, and cutaneous
diversion, respectively. UC survivors who consented to participate in our study were instructed to complete the survey
questionnaire, and assistance was provided to them if they
had difficulties in understanding the questionnaire items or
had visual difficulties.
2. Control subjects
The general population comprised respondents of the
nation-wide survey, which was performed between November and December 2012. The survey has been described in
detail by previous reports [6,7]. The questionnaire included
HRQoL, perceived social support, and depression, as well as
sociodemographic and medical information pertaining to the
participants. To ensure representativeness of the sample, a
stratified probability sampling using a two-stage systematic
sampling method was employed—after stratifying the population based on region, we systematically extracted samples
based on the population ratio. The sampling error within a
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95% confidence interval was ±2.2%. The participants were
limited to those who were within an age range of 40-70 years
(considering the purpose of the study) and those without a
history of cancer. Trained interviewers from a professional
research company visited the identified households to
check/identify candidates eligible for participation.
Among 4,851 eligible individuals who were contacted,
2,000 individuals without cancer consented to participate in
the study and completed the survey questionnaire (response
rate, 41.2%). The primary reasons for non-participation were
lack of time (54%), concern about privacy (25%), and inconvenience (17%).
For the comparison with the UC survivors (age range
50-96 years based on enrollment) and general population
(age range 40-70 years based on inclusion criteria), we limited the age of the study population to 50-70 years. Thus,
1,176 individuals without cancer were included in the comparison. The number of UC survivors who were included in
the comparison with control was 63 for PC, 84 for KC, and
69 for BC, respectively.
3. Instruments to measure quality of life
We used three valid and reliable questionnaires—the
European Organization for Research and Treatment of Cancer (EORTC QLQ-C30), the Duke-UNC Functional Social
Support Questionnaire (FSSQ) and the Patient Health Questionniare-9 (PHQ-9) to assess diverse aspects of general
HRQoL among UC survivors.
1) Quality of Life
The EORTC QLQ-C30 is a 30-item questionnaire to assess
the HRQoL of cancer patients [8,9] and includes five functional scales (physical, role, emotional, cognitive, and social),
three symptom scales (fatigue, nausea and vomiting, and
pain), global health status, and six single items (dyspnea,
sleep disturbance, appetite loss, constipation and diarrhea,
and financial difficulties). Participants responded to items
using the 4-point Likert scale with responses varying from 1
(not at all) to 4 (very much), and two items of the global
health/QoL scale were assessed using a 7-point Likert scale.
The domain scores were calculated based on the EORTC
QLQ-C30 scoring manual, and its Korean version was validated [9].
2) Perceived social support
The Duke-UNC FSSQ was used to measure each individual’s perception of the degree and type of social support
available/received [10]. The Korean version of the DukeUNC FSSQ demonstrated high reliability and moderate

validity [11]. Eight items from the Duke-UNC FSSQ comprising two sub-scales (Confidant and Affective support) were
used to calculate the mean social support score [12]. The Confidant support sub-scale (comprising 5 items) assesses confidant support, i.e., support from those who are identified as
a confidant with whom important life matters are discussed
and shared. The Affective support sub-scale (comprising 3
items) assesses the general emotional support and care from
family and friends. Responses to each question are scored on
a 5-point scale, yielding a total score between 8 and 40.
Higher scores suggest higher levels of perceived social support.
3) Depressive symptoms
The PHQ-9 is a 9-item self-report questionnaire designed
to screen, diagnose, monitor, and assess the severity of
depression [13]. The validity of the PHQ-9 is established
among the Korean population [14]. For each item, patients
rate the severity of their symptoms that are noted over 2
weeks prior to the assessment. The items pertain to a loss of
interest, depressed mood, changes in sleep, energy, appetite,
or eating habits, feelings of guilt or worthlessness, levels of
concentration, feelings of being slowed down or restlessness,
and suicidal ideation. Each item is rated on a 4-point Likert
scale from 0 (not at all) to 3 (nearly every day).
4. Statistical analysis
The characteristics of UC survivors and the general population have been presented as numbers and means. We performed the analysis in a systematic manner: (1) initially, we
analyzed the differences in HRQoL, perceived social support,
and depression among the three groups of UC survivors
using the analysis of covariance (ANCOVA) after adjusting
for age, sex, Surveillance, Epidemiology, and End Results
(SEER, https://seer.cancer.gov/) cancer summary stage, time
interval since initiation of treatment, education level,
employment status, smoking status, and alcohol consumption. (2) Next, survivors with each type of UC were compared with the general population that was studied as the
control group using the ANCOVA for all the above-mentioned covariates except the SEER cancer summary stage,
and time since initiation of treatment, which were not relevant to the control group. (3) Comparison with non-cancer
controls was repeated after categorization of UC survivors
into the short-term (1-2 years) and long-term (> 2 years) categories for each type of cancer [15]. All statistical analyses
were performed using the STATA ver. 14.0 software (Stata
Corp., College Station, TX).

VOLUME 51 NUMBER 1 JANUARY 2019

291

Cancer Res Treat. 2019;51(1):289-299

Table 1. Characteristics of urological cancer survivors (age  50)

Age (yr)
Sex
Male
Female
Marital status
Unmarried
Married
Education
< High school
 High school
Income (KRW)
< 200 million
 200 million
Job status
Unemployed
Employed
Smoking
Non or past
Current
Drinking
Non or past
Current
SEER stage
In situ or localized
Regional
Time since treatment (yr)
1-2
2-5
>5

Prostate cancer
(n=114)

Kidney cancer
(n=108)

Bladder cancer
(n=109)

All cancers
(n=331)

68.4±7.1

63.1±9.1

68.0±9.2

66.5±8.8

114 (100)
0(

77 (71.3)
31 (28.7)

96 (88.1)
13 (11.9)

287 (86.7)
44 (13.3)

14 (12.3)
99 (86.8)

13 (12.0)
95 (88.0)

17 (15.6)
92 (84.4)

44 (13.3)
286 (86.4)

52 (45.6)
62 (54.4)

36 (33.3)
69 (63.9)

45 (41.3)
63 (57.8)

133 (40.2)
194 (58.6)

60 (52.6)
54 (47.4)

51 (47.2)
54 (50.0)

67 (61.5)
40 (36.7)

178 (53.8)
148 (44.7)

52 (45.6)
62 (54.4)

52 (48.2)
53 (49.1)

52 (47.7)
56 (51.4)

156 (47.1)
171 (51.7)

103 (90.4)
11 (9.7)

88 (81.5)
20 (18.5)

93 (85.3)
16 (14.7)

284 (85.8)
47 (14.2)

62 (54.4)
52 (45.6)

71 (66.5)
36 (33.6)

61 (57.6)
45 (45.4)

194 (59.3)
133 (40.6)

95 (83.3)
19 (16.7)

103 (95.4)
5 (4.6)

102 (93.6)
7 (6.4)

300 (90.6)
31 (9.4)

66 (57.9)
39 (34.2)
9 (7.9)

39 (36.1)
40 (37.0)
29 (26.9)

48 (44.0)
44 (40.4)
17 (15.6)

153 (46.2)
123 (37.2)
55 (16.6)

Values are presented as mean±standard deviation or number (%). Numbers may not sum to total number due to missing
responses.

5. Ethics statement
The study protocol was approved by the Institutional
Review Board of the Eulji University Hospital (No. 2014-03002) and the National Cancer Center (IRB No. NCCNCS-12635). All participants were fully informed as to the purpose
of the study and provided written consent.
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Results
1. Characteristics of UC survivors and general population
non-cancer control
Table 1 summarizes the sociodemographic and medical
factors of UC survivors. Mean age was 66.5 years, 86.7%
were men, 86.4% were married, and 58.6% reported high
school level of educational qualifications or higher. Approximately 50% of the UC survivors reported a household
income of  200 million Korean Won (1 USD=1,150 KRW as
of year 2016), and approximately 50% reported being currently employed. We observed that 14.2% reported current
smoking and 45.6% reported current alcohol consumption.
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Table 2. Characteristics of urological cancer survivors and general population for comparison with non-cancer control (age
50-70)
General population All cancers
(n=1,176)
(n=216)
Age (yr)
Sex
Male
Female
Marital status
Unmarried
Married
Education
Less than high school
High school and above
Income (KRW)
< 200 million
 200 million
Job status
Unemployed
Employed
Smoking
Non or past
Current
Drinking
Non or past
Current

57.8±5.4

61.5±6

p-value

Prostate cancer Kidney cancer Bladder cancer
(n=63)
(n=84)
(n=69)

< 0.001

63.4±5.1

59.1±5.7

62.6±6.3

568 (48.3)
608 (51.7)

184 (85.2)
31 (14.4)

< 0.001

63 (100)
0(

59 (70.2)
24 (28.6)

62 (89.9)
7 (10.1)

67 (5.7)
1,109 (94.3)

23 (10.6)
191 (88.4)

0.001

6 (9.5)
56 (88.9)

8 (9.5)
75 (89.3)

9 (13.0)
60 (87.0)

314 (26.7)
862 (73.3)

73 (33.8)
139 (64.4)

< 0.001

29 (46.0)
34 (54.0)

26 (31.0)
54 (64.3)

18 (26.1)
51 (73.9)

287 (24.4)
889 (75.6)

93 (43.1)
118 (54.6)

< 0.001

26 (41.3)
37 (58.7)

32 (38.1)
48 (57.1)

35 (50.7)
33 (47.8)

406 (34.5)
770 (65.5)

85 (39.4)
128 (59.3)

0.001

24 (38.1)
39 (61.9)

34 (40.5)
47 (56.0)

27 (39.1)
42 (60.9)

858 (73.0)
318 (27.0)

179 (82.9)
36 (16.7)

0.001

58 (92.1)
5 (7.9)

65 (77.4)
18 (21.4)

56 (81.2)
13 (18.8)

398 (33.8)
778 (66.2)

119 (55.1)
94 (43.5)

0.001

30 (47.6)
33 (52.4)

51 (60.7)
31 (36.9)

38 (55.1)
30 (43.5)

Values are presented as mean±standard deviation or number (%). Numbers may not represent sum of total number due to
missing responses. p-value (calculated by t test and chi-square test) represents comparison between general population and
all urological cancer survivors.

Most tumors were localized (90.6%). Approximately 50% of
UC survivors were at the 1- to 2-year time point after treatment, and only 16.6% were at a time point > 5 years after cancer treatment. Table 2 shows the sociodemographic factors
pertaining to UC survivors and general population non-cancer controls, whose age was between 50 and 70 years. The
general population group was significantly younger, showed
higher educational and income levels and a higher tendency
to engage in smoking and drinking behaviors.
2. Comparison of HRQoL, FSSQ, and depression among
survivors of the three major types of UC
No significant difference was observed between the PC,
KC, and BC survivor groups with respect to all domains of
the EORTC QLQ-C30 functioning and symptom scales,
except for a slight but significant difference in social functioning between KC and BC survivors (89.5 vs. 80.6, respectively; p=0.021). The three groups did not significantly differ
in terms of functional social support or depression (Table 3).

3. Comparison of HRQoL between PC, KC, and BC survivors and the general population
When compared to the non-cancer general population, PC
and BC survivors showed significantly lower social functioning and a lower appetite. KC survivors showed lower physical functioning, as well as higher pain and dyspnea symptoms. All three groups of UC survivors reported higher
financial difficulties but also higher perceived social support
than that reported by non-cancer controls (Table 4). There
was no significant difference in depressive symptoms
between each group of UC survivors and the general population (Table 4).
When examined by time elapsed from curative surgery,
varying patterns were noted based on the type of cancer
(Fig. 1). PC survivors showed significantly diminished social
functioning > 2 years postsurgery, whereas other functioning
scales and QoL did not significantly differ from the control
group over time. Perceived social support was greater during
the short-term survivorship period; however, it decreased
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Table 3. Comparison of health-related quality of life, functional social support, and depression among survivors of three
major types of urological cancer
Prostate cancer
(n=114)
EORTC QLQ C-30
Functioning scales
Physical functioning
Role functioning
Emotional functioning
Cognitive functioning
Social functioning
Overall quality of life
Symptom scales
Fatigue
Nausea and vomiting
Pain
Dyspnea
Sleep disturbance
Appetite loss
Constipation
Diarrhea
Financial difficulties
Functional social support
Affective support
Confidant support
Depression

Kidney cancer
(n=108)

Bladder cancer
(n=109)

p-value for difference

Adj. mean

SE

Adj. mean

SE

Adj. mean

SE

PC vs. KC PC vs. BC KC vs. BC

85.0
86.4
82.4
82.5
86.8
57.7

1.6
2.0
1.9
1.7
2.2
2.4

83.5
88.7
85.2
82.5
89.5
64.0

1.8
2.3
2.0
1.9
2.4
2.6

81.4
82.9
82.2
81.6
80.6
62.9

1.6
2.0
1.8
1.7
2.1
2.3

0.838
0.763
0.636
1.000
0.712
0.234

0.257
0.439
0.997
0.937
0.111
0.272

0.670
0.148
0.558
0.940
0.021*
0.949

26.4
2.3
8.9
13.5
21.6
10.4
18.4
9.2
17.4

2.1
0.9
2.0
2.1
2.7
1.9
2.7
2.0
2.7

23.4
3.5
11.5
16.4
15.8
6.5
14.6
11.9
19.4

2.3
1.0
2.2
2.3
3.0
2.1
2.9
2.2
3.0

25.5
4.5
14.7
13.9
21.1
9.2
21.0
13.5
20.6

2.0
0.9
2.0
2.1
2.6
1.8
2.6
1.9
2.7

0.636
0.690
0.704
0.683
0.370
0.402
0.660
0.685
0.890

0.950
0.195
0.109
0.988
0.990
0.894
0.756
0.286
0.685

0.774
0.748
0.569
0.735
0.394
0.606
0.256
0.864
0.959

7.1
11.2
3.8

0.3
0.5
0.4

6.9
10.7
2.8

0.4
0.6
0.4

7.6
12.0
3.3

0.3
0.5
0.4

0.870
0.831
0.315

0.586
0.621
0.646

0.321
0.305
0.751

Adj. mean, adjusted mean by analysis of co-variance with age, sex, Surveillance, Epidemiology, and End Results cancer
stage, time since treatment, education, employment status, smoking, alcohol consumption as covariates; SE, standard error;
PC, prostate cancer; KC, kidney cancer; BC, bladder cancer; EORTC QLQ C-30, European Organization for Research and
Treatment of Cancer. *p < 0.05.

thereafter. KC survivors showed decreased short-term physical, role, and social functioning, which did recover thereafter. QoL of KC survivors improved over time and it was
significantly better than controls > 2 years postsurgery,
whereas perceived social support significantly increased
after surgery and was sustained > 2 years postsurgery. BC
survivors showed significantly diminished social function,
which did not recover > 2 years postsurgery. Perceived social
support of BC survivors significantly increased during the
short-term survivorship period and was sustained thereafter.
There were no statistically significant differences in terms of
emotional and cognitive function, as well as depressive
symptoms among the three UC survivor groups, regardless
of the time elapsed from surgery (Fig. 1).
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Discussion
To our knowledge, this is the first study to compare the
general QoL issues among disease-free survivors of the three
most common UCs and between each group of UC survivors
and the general population in terms of HRQoL, perceived
social support, and depression.
In our study, in broad terms, we did not observe significant differences in functioning sub-scales and symptoms,
functional social support, and depression among the three
groups of UC survivors, or when these groups were compared to the general population. This finding indicates that
the general HRQoL observed in disease-free UC survivors is
usually not compromised, as opposed to the changes observed with respect to disease-specific domains of HRQoL. This
suggests that UC survivors can enjoy a QoL comparable to

0.4
0.5
0.5
0.5
0.5
0.5
0.5
0.4
0.5
0.5
0.6
0.6
0.6
0.5
0.5
0.1
0.1
0.1

88.9
91.2
85.5
86.4
93.3
61.4
20.8
5.6
8.7
10.4
14.4
11.3
12.6
9.1
6.3
6.3
10.5
2.9

SE

7.2
11.9
3.2

24.2
1.7
6.7
15.1
13.0
4.0
16.3
11.1
15.8

87.0
88.4
80.9
83.9
85.7
62.3

Adj. mean

0.3
0.5
0.5

2.4
1.7
2.2
2.5
2.8
2.5
2.8
2.4
2.4

1.9
2.1
2.2
2.2
2.2
2.1

SE

Prostate cancer
(n=63)

0.047*
0.047*
0.947

0.523
0.119
0.803
0.262
0.960
0.027*
0.593
0.853
0.001*

0.752
0.619
0.178
0.683
0.004*
0.980

p-value

7.3
11.9
3.2

25.9
4.1
15.1
16.7
17.4
7.7
17.5
11.0
17.4

83.2
88.0
81.0
84.5
89.2
65.1

Adj. mean

0.3
0.4
0.4

2
1.5
1.9
2.1
2.3
2.1
2.4
2.1
2.1

1.6
1.8
1.9
1.9
1.8
1.8

SE

0.003*
0.350
0.097
0.747
0.138
0.204

p-value

0.005*
0.012*
0.924

0.077
0.761
0.006*
0.020*
0.597
0.365
0.199
0.821
< 0.001*

Kidney cancer
(n=84)

7.9
12.4
2.8

22.9
3.5
10.8
11.8
18.9
3.6
14.5
13.8
20.3

86.2
88.9
80.2
84.0
83.3
64.8

Adj. mean

0.3
0.5
0.5

2.3
1.6
2.1
2.4
2.6
2.4
2.7
2.3
2.3

1.8
2.1
2.1
2.1
2.1
2

SE

p-value

< 0.001*
0.001*
0.996

0.809
0.584
0.787
0.941
0.364
0.011*
0.905
0.211
< 0.001*

0.480
0.725
0.068
0.673
< 0.001*
0.353

Bladder cancer
(n=69)

Adj. mean, adjusted mean by analysis of co-variance with age, sex, education, employment status, smoking, alcohol consumption as covariates; SE, standard error;
EORTC QLQ C-30, European Organization for Research and Treatment of Cancer. *p < 0.05.

EORTC QLQ C-30
Functioning scales
Physical functioning
Role functioning
Emotional functioning
Cognitive functioning
Social functioning
Overall quality of life
Symptom scales
Fatigue
Nausea and vomiting
Pain
Dyspnea
Sleep disturbance
Appetite loss
Constipation
Diarrhea
Financial difficulties
Functional social support
Affective support
Confidant support
Depression

Adj. mean

General population
(n=1,176)

Table 4. Comparison of health-related quality of life, functional social support, and depression between survivors of three major types of urological cancer and
general population non-cancer control
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Prostate cancer (PC)
Control

100

PC (1-2 yr)

PC (> 2 yr)

15

90
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80

9
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6

60

3

50

Control

PC (1-2 yr)

PC (> 2 yr)

Confidant
support

Depression

KC (1-2 yr)

KC (> 2 yr)

Confidant
support

Depression

BC (1-2 yr)

BC (> 2 yr)

Confidant
support

Depression

0
Physical
function

Role
function

Emotional
function

Cognitive
function
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function

Quality
of life

Affective
support

Kidney cancer (KC)
Control
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KC (1-2 yr)

KC (> 2 yr)

15
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0
Physical
function

Role
function

Emotional
function

Cognitive
function
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function

Quality
of life

Affective
support

Bladder cancer (BC)
Control

100

BC (1-2 yr)

BC (> 2 yr)

15

90

12

80

9

70

6

60

3

50

Control

0
Physical
function

Role
function

Emotional
function

Cognitive
function

Social
function

Quality
of life

Affective
support

Fig. 1. Comparison of health-related quality of life, functional social support, and depression between non-cancer control
and survivors of three major types of urological cancer by time elapsed from the cancer treatment. *p < 0.05 as compared to
control.
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that of the general population and should be encouraged to
resume their usual normal personal and social activities. An
exception observed in this study was the significantly lower
social functioning noted among BC survivors than that noted
among KC survivors (Table 3). In our study, approximately
one-third of BC survivors underwent a radical cystectomy
with urinary diversion, and this may contribute, at least in
part, to the limitations in social activities demonstrated in
this group, as shown by previous studies [16].
Compared to non-cancer controls, PC survivors showed
lower social functioning (Table 4), which seemed to worsen
> 2 years postsurgery (Fig. 1). A German study has reported
that social functioning among PC survivors who underwent
RP was significantly lower than that observed in the general
population, whereas other EORTC QLQ-C30 scales were
similar to those observed in controls—a finding that is in
agreement with that observed in our study [17]. Although
urinary incontinence improves gradually over time after RP
and recovers to baseline status approximately at 1-year postsurgery in most PC survivors, a few (approximately 10%) of
survivors continue to report urinary symptoms and incontinence even > 2 years post-RP [18]. The fear and embarrassing
prospect of urine leakage, and the odor of urine associated
with incontinence, as well as the need for diapers is humiliating to some PC survivors, which may interfere with their
social life resulting in social withdrawal [19]. Additionally,
sexual dysfunction can reduce sexual intimacy with partners
and may affect family life, resulting in diminished social
functioning [19]. Notably, sexual function declines in a
majority of PC survivors after surgery and continues to show
alterations in a significant percentage of them even > 2 years
post-RP [18,20]. We consider that worsening social functioning > 2 years postsurgery observed in PC survivors can be
understood in such a disease-specific context.
KC survivors showed significantly lower physical functioning than that observed in the general population. To date,
only two studies [21,22] have compared HRQoL between KC
survivors and non-cancer controls and have reported conflicting results: a study performed in the United States [21]
using the 36-Item Short Form Health Survey (SF-36) and the
RAND-12 questionnaire (vs. the EORTC QLQ-C30 used in
our study) showed no significant differences in the HRQoL
between the two study groups, and a Norwegian study [22]
showed that KC survivors, particularly those undergoing
surgery via an open or a flank approach, showed a lower
HRQoL including a significantly higher pain score than that
observed in the general population [22]. Our study also
showed higher pain and dyspnea symptoms among KC survivors (among these, 43.5% [47/108] underwent open surgery). In terms of the time elapsed from the time of curative
surgery until assessment (Fig. 1), KC survivors showed
diminished physical, role, and social functioning in the short-

term (1-2 years postsurgery); however, this finding was
observed to resolve over time indicating that KC survivors
have the capacity to positively adapt themselves to challenges that they face after cancer diagnosis and treatment.
We reckon that this may be a possible explanation for the significantly higher QoL noted in KC survivors > 2 years postsurgery than that observed in controls.
BC survivors showed significantly lower social functioning
than that observed in the general population (Table 4), similar to the results noted in PC survivors. Interestingly, compromised social function observed among BC survivors was
more evident 1-2 years postsurgery, which did not completely recover thereafter (Fig. 1). BC survivors, particularly
those who underwent a radical cystectomy (one-third of the
BC population) reported urinary incontinence and sexual
dysfunction, which might significantly contribute to lower
social functioning. A Japanese study [16] reported that
patients undergoing radical cystectomy, regardless of the
procedure performed (neobladder reconstruction vs. ileal
conduit) showed significantly lower social functioning than
that observed in the general population of the United States,
similar to the results of our study.
Of note, changes in social functioning noted postoperatively was a finding common to all three UC groups,
although the pattern of change showed marginal differences
between groups based on the type of cancer. Thus, clinicians
should be mindful of changes in social functioning among
UC survivors and consider appropriate supportive measures
such as group education [23] and psychosocial intervention
[24] to minimize compromised social functioning.
UC survivors reported significantly higher levels of perceived social support than that reported by the non-cancer
control group, which is consistent with the literature [25].
Cancer survivors usually receive greater encouragement and
supportive care from friends, colleagues, and family members than would be expected in the general population. However, perceived social support among PC survivors was
observed to have worsened > 2 years postsurgery, as
opposed to that observed among KC or BC survivors. The
reasons for this difference in pattern are unknown, although
it could be related to lower sexual functioning noted even
> 2 years postsurgery among PC survivors.
We noted that the depression score measured by the PHQ9 did not show any statistically significant difference in all
the analyses performed, suggesting that the occurrence of
depression is not significantly different in disease-free UC
survivors, compared to non-cancer general population. However, a recent systematic review reported the prevalence of
post-treatment depression in PC survivors to be as high as
18.4% [26], and the prevalence of major depressive disorder
among PC or BC survivors was higher than that observed
among survivors with breast or colorectal cancer in a nationVOLUME 51 NUMBER 1 JANUARY 2019
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wide Korean study population [27], although these studies
did not compare cancer survivors with controls from the general population. Given the paucity of research regarding
depression among UC survivors, further studies are warranted to specifically determine an association, if any,
between UC and its treatment and occurrence of depression
in this population.
Limitations of our study are as follows: (1) because ours
was a cross-sectional study, we were unable to assess HRQoL
changes presurgery and postsurgery. Thus, our interpretation regarding HRQoL in terms of time elapsed from surgery
may have been biased. (2) The relatively small sample size
of our study is another limitation. Potential differences could
not be detected due to low statistical power, and comparison
of HRQoL according to the type of surgery was difficult due
to the same reason. (3) Because our results came from only
UC survivors who underwent curative surgery, our results
cannot be generalized to overall PC, KC, and BC survivors.
Despite these limitations, we reckon that our results analyzing general QoL, perceived social support, and depression
reflect the overall HRQoL aspects associated with UC survivors and would help to provide greater insight into the
critical QoL issues among UC survivors.
In conclusion, although general QoL issues were observed

to be essentially similar among disease-free survivors of the
3 major types of UCs, a few differences were observed
between these groups based on the type of cancer. BC in both
short-and long-term and, to a lesser degree, PC survivors in
the long-term demonstrated lower social functioning than
non-cancer control, potentially associated with a non-sustained level of perceived social support. In contrast, KC survivors demonstrated lower physical functioning than
non-cancer control in the short-term, perhaps associated with
complaints of increased pain and dyspnea commonly noted
during this period. No significant difference was observed
in depressive symptoms between each group of UC survivors and the general population. Further studies with
larger sample sizes and a longitudinal follow-up design
would be required in this context. Our results will be useful
to both urologists and patients because they provide information regarding the general QoL among UC survivors postsurgery and would help to plan for future supportive care
needs.
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Purpose
Head and neck squamous cell carcinoma (HNSCC) is a deadly disease in which precision
medicine needs to be incorporated. We aimed to implement next-generation sequencing
(NGS) in determining actionable targets to guide appropriate molecular targeted therapy in
HNSCC patients.
Materials and Methods
Ninety-three tumors and matched blood samples underwent targeted sequencing of 244
genes using the Illumina HiSeq 2500 platform with an average depth of coverage of greater
than 1,000. Clinicopathological data from patients were obtained from 17 centers in Korea,
and were analyzed in correlation with NGS data.
Results
Ninety-two of the 93 tumors were amenable to data analysis. TP53 was the most common
mutation, occurring in 47 (51%) patients, followed by CDKN2A (n=23, 25%), CCND1 (n=22,
24%), and PIK3CA (n=19, 21%). The total mutational burden was similar between human
papillomavirus (HPV)–negative vs. positive tumors, although TP53, CDKN2A and CCND1
gene alterations occurred more frequently in HPV-negative tumors. HPV-positive tumors
were significantly associated with immune signature-related genes compared to HPV-negative tumors. Mutations of NOTCH1 (p=0.027), CDKN2A (p < 0.001), and TP53 (p=0.038)
were significantly associated with poorer overall survival. FAT1 mutations were highly
enriched in cisplatin responders, and potentially targetable alterations such as PIK3CA
E545K and CDKN2A R58X were noted in 14 patients (15%).
Conclusion
We found several targetable genetic alterations, and our findings suggest that implementation of precision medicine in HNSCC is feasible. The predictive value of each targetable
alteration should be assessed in a future umbrella trial using matched molecular targeted
agents.

Key words
Squamous cell carcinoma of the head and neck,
Next-generation sequencing, Molecular targeted therapy,
Biomarkers, Clinical trial
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Introduction
Head and neck squamous cell carcinoma (HNSCC) is the
sixth most common malignancy worldwide, and is usually
curable, if diagnosed early. Unfortunately, patients often
present with advanced disease that is incurable or requires
aggressive treatment, which results in functional disability,
dismal prognosis and high mortality. Low survival outcomes
in combination with significant toxicity of current treatment
strategies emphasize the necessity for novel therapeutic
modalities. Until recently, the only targeted therapy in HNSCC
was cetuximab, a monoclonal antibody against epidermal
growth factor receptor, which has shown a response rate of
10% to 15% in the patients with recurrent or metastatic disease [1]. However, there is no validated biomarker for predicting cetuximab efficacy, which dampens the precise selection of patients. Antiprogrammed death 1 agents including
pembrolizumab and nivolumab were recently approved for
HNSCC that is refractory to platinum-based therapy. However, the presence of programmed death-ligand 1 (PD-L1)
on tumor cells did not satisfactorily predict response, with
22% of PD-L1 positive patients responding vs. 4% of PD-L1
negative patients responding [2]. Therefore, more effective
treatment strategies for personalized treatment of HNSCC
are urgently needed.
Next-generation sequencing (NGS) of tumors has greatly
expanded our understanding of genetic profiles, and several
studies have found novel genetic alterations in HNSCC
[3-6]. However, these studies were performed retrospectively
in surgical specimens without incorporated clinical data on
the response to therapy. Although potentially targetable
genetic alterations such as PIK3CA, epidermal growth factor
receptor (EGFR), and fibroblast growth factor receptor
(FGFR) mutations have been identified, functional studies to
validate the roles of such mutations as biomarkers remain
scarce.
Herein, we describe our implementation of a precision
medicine approach in 93 patients with HNSCC. This is a feasibility study of “Translational biomarker-driven umbrella
project for head and neck and esophageal squamous cell carcinoma (TRIUMPH)” study by the Korean Cancer Study
Group (NCT03292250) (S1 Fig.). TRIUMPH is the first,
prospective, biomarker-driven umbrella trial for patients
with HNSCC, consisting of multiple targeted therapies
including phosphoinositide 3-kinase (PI3K) inhibitor, panHER inhibitor, FGFR inhibitor and CDK4/6 inhibitor.
Patients without actionable targets are to be allocated into an
immunotherapy arm. Before the start of TRIUMPH study,
we conducted this feasibility study in which tumors and
matched blood samples were analyzed by multiplexed targeted NGS assays. The objective of this study is to examine

the feasibility of implementing NGS to guide treatment in
HNSCC patients, and to find the associations between
somatic alterations and clinical outcome.

Materials and Methods
1. Patients and data collection
Pretreatment tumor tissues (somatic) and matched normal
DNA (germline) from prospectively recruited patients with
HNSCC were obtained between 2016 and 2017 under the
approval of Institutional Review Board of 19 institutions in
Korea. HNSCC patients with initial stages 1-4 were included
in this study. Clinicopathological data were collected from
patient charts in accordance with an IRB-approved protocol.
Clinical information including age, sex, anatomic site of
tumor, tobacco and alcohol use, clinical stage, treatment history, and survival data were collected.
2. Targeted sequencing of tumors
Genomic DNA was isolated from formalin-fixed paraffinembedded (FFPE) samples using the QIAamp DNA FFPE
Tissue Kit (Qiagen, Hilden, Germany) for the targeted
sequencing of 244 head and neck cancer-related genes
selected based on a literature search (S2 Table). The genomic
regions of the 244 genes were captured by the customized
SureSelectXT Target Enrichment library generation kit
(Agilent, Santa Clara, CA), and sequenced using the Illumina
HiSeq 2500 platform with a depth of coverage > 1,000.
3. Variant calling and functional annotation
By default, base quality trimming for short reads from the
targeted sequencing was performed using Sickle [7]. Filtered
reads were mapped to the human reference genome (GRCh37/hg19) using Burrows-Wheeler Aligner [8]. All reads that
were mapped with < 23 mapping quality were discarded.
The aligned reads (BAM file) were further processed with
the Genome Analysis ToolKit v3.5, including MarkDuplicate,
Local Realignment, and Base Quality Score Recalibration [9].
Initial somatic mutations candidates were called by MuTect
ver. 1.17 with a default parameter [10]. Somatic insertions/
deletions (indels) were called by Varscan2 ver. 2.3.7 with
somatic p < 0.05 [11]. From the initial call set, FoxoG artefacts
were removed using the in-house Python program ver. 3.6
to discard skewed read-orientation variants [12]. The functionality of final high confidence variants was annotated with
ANNOVAR software [13], including the consequences, preVOLUME 51 NUMBER 1 JANUARY 2019
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dicted impacts and reported allele frequencies in population.
In particular, non-rare variants (minor allele frequency
> 0.05) were discarded to retain only pathogenic variants.
Finally, the clinical interpretation of targeted therapy was
annotated using the CIVIC [14] and DoCM [15] databases.
Copy number alterations (CNAs) were called using CNVkit
[16] for targeted deep sequencing. To reduce ambiguity from
individual variations, all normal samples were pooled and
used as a control. Of the initial CNA calls, genes with  4 and
0 measured copy numbers were considered amplified and
deleted, respectively, to secure high confidence. To visualize
the overall landscape of mutations, ‘Oncoprint’ was drawn
using the R package ‘ComplexHeatmap’ of R ver. 3.4. Lollipop plots were drawn for frequently mutated genes using
MAFtools to check the recurrence of genomic loci with variants.
4. Nanostring assay
Total tumor RNA was isolated using the RNeasy kit (Qiagen). The nCounter Analysis System (Nanostring Technologies, Seattle, WA) was used to screen for the expression of 55
immune-related genes. Counts were normalized to internal
controls and reference genes using the nSolver software ver.
3.0. We obtained gene expression data for 94 tumour samples, among them 8 with average expression levels of less
than 10 were filtered out. The NanoStringNorm package of
R was used for normalization [17]. We selected housekeeping.geo.mean for normalizing the samples or RNA contents.
Differentially expressed genes between human papillomavirus (HPV)–positive and HPV-negative samples were
identified by the glm.LRT function in the NanoStringDiff [18]
package of Bioconductor. A volcano plot was drawn by
using the ggplot2 package of R. The complete list of 55
immune-related genes is shown in S3 Table.
5. Statistical methods
All statistical analysis was performed using the R, Python
Scipy package and SPSS ver. 23.0 (IBM Corp., Armonk, NY)
software. To test group-specific enrichment of genomic variants, Fisher exact test was applied to each called variant, followed by the p-value cutoff of 0.05. Tumor mutation burden
(TMB) was measured by the number of missense mutations
per megabase (Mb) within the range of the targeted capture
region. The numbers of mutations per Mb between HPV-positive and HPV-negative groups were compared using Student’s t-test. Progression-free survival (PFS) and overall survival (OS) were estimated using the Kaplan-Meier method;
differences between groups were compared using the logrank test. In groups of unbalanced sizes, the standard asymptotic log-rank test is often replaced by its corresponding
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Table 1. Baseline characteristics of all patients
Characteristic
Age, median (range, yr)
Sex
Female
Male
Anatomic site
Oropharynx
Oral cavity
Hypopharynx
Glottic larynx
Supraglottic larynx
Maxillary sinus
Tobacco use
Never
Former
Current
Alcohol use
Never
Former
Current
Clinical stage at initial diagnosis
I-III
IV
HPV status
Positive
Negative
Unknown
Prior surgery

No. (%) (n=93)
59 (28-80)
18 (19)
75 (81)
26 (28)
35 (38)
15 (16)
9 (10)
3 (3)
5 (5)
26 (28)
49 (53)
18 (19)
34 (37)
33 (35)
26 (28)
54 (58)
39 (42)
20 (22)
56 (60)
17 (18)
68 (73)

HPV, human papillomavirus.

permutation test; alternatively, the distribution under the
null hypothesis is approximated via Monte Carlo resampling. Here, we used empirical p-values from 10,000 replicates by using the log-rank test function in the coin package
of R. Two-sided p-values of < 0.05 were considered significant.
6. Ethical statement
This study was conducted under the approval of Institutional Review Board of 19 institutions in Korea. All patients
provided written informed consent for genomic testing used
for this study.
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Fig. 1. (A) Mutational spectrum and copy number alterations in head and neck squamous cell carcinomas detected by targeted sequencing. Samples with a greater than 1% incidence of genetic alterations are shown, and are stratified by human
papillomavirus (HPV) status and primary tumor anatomic site. Pos, positive; Neg, negative. (Continued to the next page)

Results
1. Clinical characteristics
A total of 93 patient tumors were included in 75 men and
18 women. Clinical data are summarized in Table 1; the
median age of all patients was 59 years (range, 28 to 80 years)

and 39 patients (42%) had stage 4 disease at initial diagnosis.
Sixty-seven patients (72%) had smoking history and 59
patients (63%) had alcohol history. HPV status was known
in 76 patients (82%), of whom 20 (22%) were positive. Sixtyeight patients (73%) had received prior surgery, and among
patients who received surgery, 47 patients experienced
recurrence: 14 (29%) with locoregional recurrence and 33
(71%) with distant metastasis. Surgery or radiotherapy was
VOLUME 51 NUMBER 1 JANUARY 2019
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Fig. 1. (Continued from the previous page) (B) A heat map of 55 differentially expressed genes with an absolute fold change
 2 and a false discovery rate (FDR) < 0.05. (C) Volcano plot showing the distribution of the fold changes in gene expression.
Genes with an absolute fold change  2 and FDR < 0.05 are indicated in red (high expression in HPV-positive tumors compared to HPV-negative tumors).
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Fig. 2. Kaplan-Meier curves showing the association of single nucleotide variations and overall survival (OS) in patients.
(A) Patients with NOTCH1 somatic mutation had poorer overall survival (somatic mutation includes missense, nonsense,
splice site mutations, frame shift indels, or in-frame indels). (B) Patients with CDKN2A missense mutations had poorer OS.
(C) Patients with TP53 nonsense mutation showed poorer OS.

performed for locoregional recurrence, and systemic chemotherapy was performed for metastatic disease. For the whole
cohort, the median PFS and OS were 12.5 months (95% confidence interval [CI], 10.2 to 14.8) and 70 months (95% CI,
57.4 to 84.4), respectively, with a median follow-up of 20
months. Patients with HPV-positive oropharynx cancers

(n=16) showed a better 2-year OS rate than HPV-negative
patients (n=10) (31% vs. 10%, respectively), although the difference was not significant owing to the small number of
cases.
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Fig. 3. Patients who received cisplatin-based chemotherapy were categorized into responders vs. non-responders and genetic
alterations are shown in the order of frequency. Pos, positive; Neg, negative.

2. Overview of somatic mutations in HNSCC
A total of 2,315 somatic single nucleotide variations (SNVs)
and 19 indels were identified from the targeted sequencing
of the 92 tumors, which corresponds to a rate of 3.64 SNVs
per 1 Mb. We found that TP53 was the most frequently
mutated gene (n=47, 51%), followed by CDKN2A (n=23,
25%), CCND1 (n=22, 24%), and PIK3CA (n=19, 21%) (Fig. 1A).
As expected, smokers displayed a significantly higher TMB
than non-smokers (4.16/Mb vs. 3.12/Mb, p=0.04) (S4 Fig.).
3. Comparison of HPV-positive vs. HPV-negative tumours
Of 92 patient tumors, 76 tumors (82%) had known HPV
status and we compared molecular landscape of HPV-positive and HPV-negative tumors. TMB counts were higher in
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HPV-negative than HPV-positive tumors, although the difference was not significant (4.16/Mb vs. 3.12/Mb, p=0.150)
(S5 Fig.). TP53, CDKN2A, and CCND1 gene alterations were
significantly more frequent in HPV-negative tumors (Fig. 1A).
As described previously, we observed TP53 mutations among
HPV-negative tumors at higher rates than HPV-positive
tumors (65.5% vs. 9.5%, p < 0.001). Inactivating mutations
such as CDKN2A and CDKN2B deletions (n=6), and CCND1
amplification (n=17) were exclusively identified in HPV-negative tumors. We also noted HPV-negative specific genetic
alterations in receptor tyrosine kinases (RTKs) including
EGFR, FGFR1/3, and platelet-derived growth factor receptor
A (PDGFRA), which was consistent with a previous study
[5]. PIK3CA mutations were more commonly found in HPVpositive tumors (23.8% vs. 16.4%, p > 0.05). Comparison of
immune signatures between HPV-positive and HPV-nega-
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Fig. 4. Gene diagrams for a selection of key mutations in potentially targetable genes PIK3CA (A), CDKN2A (B), and TP53
(C). (D) Signaling pathway deregulation is shown. HPV, human papillomavirus. (Continued to the next page)

tive tumors via nanostring assay revealed that HPV-positive
tumors were significantly enriched with immune-related
genes. HPV-tumors harbored higher levels of immune activation: specifically, CD3 (p=6.010–6), CECAM1 (p=4.910–5)
and IL2R (p=6.910–5) expression (Fig. 1B and C).
4. Clinical correlation
We performed an exploratory analysis to correlate gene
alterations (SNVs and CNAs) with survival (Fig. 2). In 90
patients with available survival data, genomic events associated with poorer OS were mutations in NOTCH1 (p=0.027),

CDKN2A (p < 0.001), and TP53 (p=0.038). The association
between CDKN2A, TP53 mutations and poor OS was consistent with a previous analysis of The Cancer Genome Atlas
(TCGA) database. CNAs were not associated with any gene
alterations. In contrast to a previous report [19], PIK3CA
amplification was not associated with worse OS (S6 Fig.).
Next, we analyzed gene alterations associated with cisplatin resistance by classifying patients who received cisplatin-based chemotherapy into responders and non-responders. According to Response Evaluation Criteria in Solid
Tumors (ver. 1.1), responders were patients who showed
complete response, partial response or stable disease to cisVOLUME 51 NUMBER 1 JANUARY 2019
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platin-based chemotherapy, whereas non-responders were
those with progressive disease [20]. Among 54 evaluable
patients, 38 (70%) were responders, and 16 (30%) were nonresponders. FAT1 gene mutations (5 missense and 5 nonsense) were highly enriched in cisplatin responders compared to non-responders (p < 0.05) (Fig. 3, S7 Fig.).
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5. Targetable mutations and copy-number aberrations
We identified potentially targetable mutations in PIK3CA
and CDKN2A. An established canonical mutation, PIK3CA
E545K missense mutation were identified in five patients
(5%) (Fig. 4A), while CDKN2A R58X nonsense mutation was
identified in four patients (4%) (Fig. 4B). TP53 inactivating
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mutations (R209Q/W, R243W/Q) that cause cell cycle deregulation occurred in eight patients (5%) (Fig. 4C).
Fig. 4D summarizes the deregulated signaling pathways.
Among RTKs, EGFR and cMET alterations were frequent,
followed by FGFR3, FGFR1, and ERBB2. Among downstream targets of the RTKs/RAS/PI3K pathway, PIK3CA
dominated with occasional MAPK1 and MTOR mutations.
RAS and MAPK1 alterations occurred in 12.7% and 13.1% of
patients, respectively. Alterations in tumor suppressors,
TP53 and CDKN2A were notable in HPV-negative tumors,
which were consistent with a recent report [21]. Overall,
alterations in genes involved in cell death and PIK3CA/AKT/
MTOR pathway were predominant.

Discussion
Our umbrella trial suggests that using NGS for determining treatment strategies for patients with HNSCC is feasible,
and that translating genomic data into clinical care is attainable. The most common genomic alterations (TP53, PIK3CA,
CCND1, and CDKN2A) were identified at frequencies consistent with investigations of TCGA. Previous studies have
characterized mostly surgically resected HNSCC samples,
with a limited portion of HPV-positive samples. TCGA
study, which is the largest cohort to date (n=279) is comprised of surgically resected oral cavity or laryngeal squamous cell carcinoma patients, and treatment and survival
data were limited [5]. Recently, Seiwert et al. [22] reported a
large number of HPV-positive tumors, where they included
51 (42.5%) HPV-positive patients in a total of 120 patients.
Consistent with our finding, the mutational burdens in HPVpositive and -negative tumors were similar, while FGFR2
aberrations were exclusively identified in HPV-negative
tumors.
Our study emphasizes how the application of NGS may
be used as a prospective, master protocol tailored to each
patient’s genotype. The turnaround time from patient sample collection to NGS results was within 4 weeks, which is
timely for patient enrolment. Similarly, another study recently found it feasible to incorporate NGS into the clinical care
of HNSCC patients [19]. Patients who received targeted therapy matched to their genotypes achieved a higher objective
response rate than patients unmatched to therapy. However,
they used two different NGS platforms with inconsistent
mutation rates and actionable alterations. Additionally, the
MOSCATO-01 trial showed that genomic analyses of 199
patients with advanced cancers produced improved outcomes with matched targeted therapy [23]. The ongoing
NCI-MATCH trial is currently assessing whether molecular

markers can predict response to targeted therapies in
patients with advanced cancer [24] and the results are
awaited.
PI3K pathway aberrations are potential therapeutic targets
in HNSCC patients. Prior studies identified that PIK3CA
mutation or amplification was associated with various clinical outcomes. One study reported that PIK3CA amplification
was associated with significantly decreased PFS, whereas
PIK3CA mutation was not [19]. Another study demonstrated
that PIK3CA mutations were correlated with poor prognosis
in HPV-negative, locally advanced HNSCC [22]. A preclinical study also reported that patient-derived PIK3CA mutant
HNSCC tumor grafts are potentially sensitive to PI3K/mTOR
inhibitors [25]. In our cohort, patients with a PIK3CA hotspot
mutation (E545K) will be treated with the PI3K pathway
inhibitor (BYL719).
Deletion of CDKN2A or amplification of CCND1, which
induces sustained CDK 4/6 activation, occurred at 27% and
22%, respectively, which were comparable to such cell-cycle
related gene aberrations found in other studies [5,22]. Preclinical or clinical data regarding the activity of CDK
inhibitor in HNSCC is limited, but our prospective trial may
solve which genotypes will benefit from treatment with CDK
inhibitors.
FAT atypical cadherin 1 (FAT1) was significantly enriched
in cisplatin responders. FAT1 gene has been reported to be
associated with various types of cancer, including HNSCC
[5,26]. FAT1 gene acts as a tumor suppressor, in which lossof-function activates Wnt pathway and tumorigenesis [27].
Recently, FAT1 mutation was significantly associated with
better OS in HPV-negative patients from both the TCGA
cohort and the International Cancer Genome Consortium
(ICGC) data cohort [28]. The functional impact of the FAT1
mutation identified in our study requires further investigation to determine its role as a prognostic or predictive biomarker.
In our study, immune signatures were highly enriched in
HPV-positive tumors, consistent with a previous finding that
HPV-positive tumors have a distinct immune phenotype,
characterized by more immune cell infiltration and higher
levels of CD8+ T-cell activation [29]. As ongoing checkpoint
inhibitor trials (NCT02105636, NCT01848834) showed promising preliminary activities in HNSCC patients, improved
outcome in HPV-positive patients may be related to their
immunophenotype [30,31].
The accuracy and fidelity of genomic analysis are critical;
therefore, false-positive or false-negative genomic variants
should be carefully avoided. To that end, several technical
issues were noted in our study. First, the often inevitable low
tumour cellularity in samples, owing to normal cell contamination, has a negative effect on the accuracy of calling of
SNVs and CNVs [32]. We found that, among 92 samples, 14
VOLUME 51 NUMBER 1 JANUARY 2019

309

Cancer Res Treat. 2019;51(1):300-312

(15%) and five (5%) obtained via core needle biopsy and
excision, respectively, showed low tumor cellularity (~30%).
As CNV analysis is directly affected by reduced cellularity,
CNVs with ambiguous analysis scores may require confirmation using alternative methods. Second, sequencing artefacts can appear in every step of the NGS pipeline, which
complicates the differentiation between true vs. false variants. We observed an abnormally excessive number of lowlevel somatic mutations in a few samples (mutation-rate/Mb
> 100), which could only be removed using an oxoG filtering
program [12]. Such false variants can distort the overall distribution of somatic mutations and their relative burdens,
and should be specially inspected via advanced bioinformatics analyses. Third, whole-exome or targeted sequencing for
identifying CNVs remain secondary options, as more sensitive methods such as whole-genome sequencing or specialized array-based methods are widely unavailable. As targeted sequencing based CNV analysis generally performs
better in a larger cohort, size and sustainability of clinical trials should be considered when they are designed. Moreover,
active participation of genome analysis experts is highly recommended to manage such technical issues.
In conclusion, our large-scale targeted sequencing of HNSCC patient samples identified potentially targetable alterations. Further prospective validation of NGS based molecularly targeted treatment is highly warranted.
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Treatment website (https://www.e-crt.org).
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Diagnostic Significance of p38 Isoforms (p38, p38, p38, p38) in
Head and Neck Squamous Cell Carcinoma: Comparative Serum Level
Evaluation and Design of Novel Peptide Inhibitor Targeting the Same
Purpose
The p38 mitogen-activated protein kinase (MAPKs) play a crucial role in the production of
pro-inflammatory cytokines and over-expression of it increase cytokines which promote cancer. Among four isoforms, p38 has been well studied in head and neck squamous cell
carcinoma (HNSCC) and other cancers as a therapeutic target. p38 has recently emerged
as a potential disease-specific drug target. Elevated serum p38 level in HNSCC was
reported earlier from our lab. This study aims to estimate the levels of p38 MAPK-isoforms
in the serum of HNSCC and design peptide inhibitor targeting the same.
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Materials and Methods
Levels of p38 MAPK isoforms in the serum of HNSCC and healthy controls were quantified
by surface plasmon resonance technology. The peptide inhibitor for p38 MAPK was
designed by molecular modeling using Grid-based Ligand Docking with Energetics tools and
compared with known specific inhibitors.
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Results
We have observed highly elevated levels of all four isoforms of p38 MAPK in serum of
HNSCC patients compared to the control group. Further, serum p38, p38, and p38
levels were down regulated after therapy in follow-up patients, while p38 showed no
response to the therapy. Present study screened designed peptide WFYH as a specific
inhibitor against p38. The specific inhibitor of p38 was found to have no effect on p38
due to great structural difference at ATP binding pocket.
Conclusion
In this study, first time estimated the levels of p38 MAPK isoforms in the serum of HNSCC.
It can be concluded that p38 MAPK isoforms can be a diagnostic and prognostic marker
for HNSCC and p38 as a therapeutic target.

Introduction
Head and neck squamous cell carcinoma (HNSCC) is the
sixth most common cancer worldwide and is responsible for
a quarter of a million deaths annually [1].
Stimulation of cells for proliferation, differentiation, and
apoptosis needs extracellular signals, which are relayed to
the nucleus where they alter the pattern of gene expression.
│ https://www.e-crt.org │

Key words
Head and neck squamous cell carcinoma,
Surface plasmon resonance, p38 isoforms, Peptide inhibitor,
Serum, Molecular docking

Mitogen-activated protein kinases (MAPK) are important
components of intracellular signaling pathways that, when
activated, relay signals further in response to many extracellular stimuli such as growth factors, osmotic stress, etc., thus
leading to inflammatory responses and eventually into
development of cancer.
p38 MAPK is a family of four isoforms: p38, p38, p38,
and p38. All the isoforms are homologous and are activated
through the dual phosphorylation of tyrosine (Tyr) and threCopyright ⓒ 2019 by the Korean Cancer Association
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onine (Thr) residues in conserved Thr-X-Tyr motif mediated
by the MAPK. Moreover, the p38 MAPK family is divided
into two subgroups based on sequence similarity, cellular
expression patterns, and substrate specificity. p38 and  represent one subgroup with sequence identity of 75%, whereas
p38 and  represent another subgroup with sequence identity of 70% approximately. p38 and  are the most ubiquitously expressed in all cells. In contrast, the sequences of p38
and  are different and have 62% and 61% sequence homology to p38, respectively: this subgroup is expressed in specific tissues only [2]. The p38 MAPK pathway is involved in
the process of inflammation, cell differentiation, cell growth,
and apoptosis. It is directly involved in the production of
pro-inflammatory cytokines such as tumor necrosis factor 
and interleukin 1. Overproduction of these cytokines has
been implicated in a variety of diseases that have an inflammatory component. The specific role of p38 MAPK-regulated
inflammatory response is to facilitate tumor growth.
p38 has recently emerged as a potential disease-specific
drug target, as it is reported to be critically involved in
numerous inflammatory diseases and cancers. Several p38
inhibitors have been identified, and pyridinyle imidazole
inhibitor SB203580 is found to be a very specific p38
inhibitor. This study aims to evaluate the expression level of
cell signaling molecules in HNSCC cases and to develop a
peptide inhibitor that targets the significant molecule for
such cases.

Materials and Methods
1. Patient selection and treatment
Sixty HNSCC cases and 52 ethically matched healthy controls were recruited in this study. The blood samples were
collected from Head and Neck Cancer Clinic, Dr. B.R.A.
Institute Rotary Cancer Hospital (IRCH), All India Institute
of Medical Sciences (AIIMS), New Delhi, India after obtaining their written informed consent. The diagnosis of the disease was based on the staging criteria given by the American
Joint Committee on Cancer. All cases were carefully examined by clinicians of AIIMS, and their medical history was
determined through a questionnaire. They also underwent
complete physical examination (extent, stage, and possible
treatment options). Combined modality treatment (CMT)
was chosen for advanced HNSCC cases. CMT is a treatment
that encompasses surgery followed by post-operative radiotherapy or concurrent chemoradiotherapy on the basis of
patient’s age, disease stage, and performance status. Cisplatin is commonly used for chemotherapy, with scheduled
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dose of 40 mg/m2 that is controlled for five cycles, with one
cycle per week. Radiotherapy schedule usually consists of
2 Gy per fraction and is given for 5 days in a week, for a total
duration of 6 to 7 weeks on Co60 or linear accelerator. The
study was planned to estimate the serum protein level at two
time periods: (1) at the time of diagnosis (pre-therapy) and
(2) at 2 months after the therapy (post-therapy). In this study,
only 36 out of 60 HNSCC cases completed the course, and
their blood samples were collected two months after receiving the therapy; the remaining cases dropped out of the
study.
Two-milliliter venous blood was collected from each individual in aseptic conditions and was allowed to settle for 30
minutes at room temperature. Buffy coat was removed and
was centrifuged at 3,000 rpm for 10 minutes. Serum was collected as the supernatant and was then stored at –80°C.
2. Quantitative analysis of serum p38, , , and  in the
study group: by surface plasmon resonance technology
BIAcore 3000 (Wipro GE Healthcare, Uppasala, Sweden)
was used for all label-free real-time monitoring of target
bimolecular interactions. Mouse antihuman p38, p38, and
p38 monoclonal IgG and goat antihuman p38 polyclonal
IgG (Santa Cruz Biotechnology, Santa Cruz, CA) were separately immobilized on different flow cells of CM5 sensor chip
via amine coupling kit (Wipro GE Healthcare). Antibodies
were diluted to 100 µg/mL in 10 mM sodium acetate (pH 5.0)
and were injected over the activated chip surface [3].
Standard graphs were prepared by passing different known
concentrations of pure p38 (0.1, 0.2, 0.3, 0.6, 1.0, and 1.8
ng/µL), p38 (0, 1.6, 4.0, 8.0, 16, 24, and 48 ng/µL), p38 (0.30,
0.76, 1.52, 3.05, 4.58, 6.1, and 9.17 ng/µL), and p38 (0.48, 0.97,
2.42, 4.8, 5.8, 9.7, 14.5, and 19.4 ng/µL) over respective antibodies on sensor chip and obtained response unit (RU) .
Serum samples were diluted (1.4:98.6 µL) with HBS-EP
buffer and were allowed to run over immobilized antibodies.
The concentrations of p38, , , and  proteins of all study
groups were determined from respective standard curves.
3. Design of peptide using molecular docking
p38 is a well-studied and peptide was earlier designed in
our laboratory based on ATP and DFG binding sites for the
same from our lab [4,5]. This study designed a peptide based
on p38, and we compared it with other isoforms.
1) Glide: Grid-based Ligand Docking with Energetics
Glide is a computer-based program employed for screening and docking of small chemical and peptidomimetic
libraries acting as ligand against a target protein. The pro-
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gram explores the appropriate molecular interactions
between these ligands and the target protein. The first line
of hierarchical filtering screened the ligand on the basis of
their topological fit with the receptor grid and was followed
by evaluating for compatible interactions between ligands
and corresponding receptor/protein. Ligand poses that qualify for first-line of screening/filtering were then subjected to
computation and minimization of grid approximation to calculate nonbonded interaction energies between ligand and
receptor using all-atom optimized potentials for liquid simulations parameters. These poses were scored using Glide
Score scoring function [6].
2) Preparation of Tetra-peptides library
Tetrapeptides library with 1.6 lacs peptides was generated
using a python script, which was then parsed to Pymol molecular modeling and visualization software. Ligand docking
in Glide required the preparation of ligand, which was done
through Ligprep wizard of Glide docking tool. The Ligprep
wizard generated a maximum of 32 stereoisomers per ligand.
Furthermore, we used Epik module in generating possible
states within pH 7.0±2.0.
3) Protein preparation
Crystal structures of p38 (PDB: 1A9U), p38 (PDB: 3GP0),
p38 (PDB: 1CM8), and p38 (PDB: 4EYM) were downloaded
from the protein data bank (https://www.rcsb.org). Prior to
docking, the heteroatom-like cocrystallized inhibitor and
water molecules were removed from all crystal structures.
Missing 1CM8 and 3GP0 residues were built using a prime
module. All protein structures were prepared through the
protein preparation wizard of Glide, which sets bond orders,
appends hydrogen, and creates disulfide bonds. Lastly, the
prepared proteins were minimized by OPLS_2005 force field
using Impref minimization wizard of Glide.
4) Screening and docking of peptide library
After protein and ligand preparation, computational
screening of the peptide library was executed against p38
as the target protein. To screen and dock the peptides, a grid
of 23 Å was elucidated around the ATP-binding site by taking the residues around the 5 Å region of the co-crystallized
inhibitor present in the structure. Similarly, for the docking
of other p38 MAPK isoforms, the grids were prepared by targeting the ATP-binding region. The peptide library was
screened through high-throughput virtual screening and was
followed by standard precision modes to filter the top hits.
Finally, peptide docking was performed using extra precision mode. The scheme of the tetrapeptide was screened and

docked against the p38 MAPK.
4. Synthesis of peptide
The peptide was synthesized through SPPS in PS3 peptide
synthesizer using Fmoc and Wang resin chemistry. The resin
used was a Wang resin, and the solvent was dry distilled
N,N-dimethylformamide [7]. The synthesized peptides were
purified and were used for other biochemical studies.
5. Binding studies of peptide with p38 by surface plasmon
resonance
Antiglutathione-S-transferase (GST) antibody was immobilized on the CM5 sensor chip at 25°C in BIAcore-3000
apparatus on flow cells 1 and 2 using an amine coupling kit.
Then, pure GST (Wipro GE Healthcare) and pure recombinant GST-tag p38 protein were passed over flow cells 1 and
2, respectively.
The pure protein p38 was immobilized on Ni-NTA chip.
The binding analysis of the synthesized peptide WFYH
was performed by passing three different concentrations
(0.23, 0.46, and 0.77 mM) of peptide prepared in HBS-EP
buffer over the immobilized proteins. The sensorgram was
recorded, and the association (KA) and the dissociation constants (KD) were calculated by BIA evaluation 3.0 software.
6. Percentage inhibition assay by enzyme-linked immunosorbent assay
The activity of p38 was measured using activating transcription factor 2 (ATF-2) as a substrate. Microtiter plates
were coated with 10 µL/mL ATF-2 solution (Sigma-Aldrich,
St. Louis, MO) at 4°C, and 12 µg purified p38 protein in
kinase buffer (50 mM Tris, pH 7.5, 10 mM MgCl2, 10 mM
-glycerophosphate, 100 µg/mL bovine serum albumin,
1 mM dithiothreitol, 0.1 mM Na3VO4, 100 µM ATP) was
added to the wells and was incubated for 1 hour at 37°C. The
kinase mixture without the p38 protein was used as a blank.
The plates were incubated with antiphospho-ATF-2 antibody
(1:400, Biovision Inc., San Francisco, CA) for 1 hour at 37°C,
which interacted with the phosphorylated ATF-2, and were
subsequently incubated with alkaline phosphatase conjugated goat antirabbit IgG (1:4,000, Chemicon, Temecula, CA)
for 1 hour at 37°C. Finally, the chromogenic substrate solution 4-nitrophenyl phosphate in 0.1 M Tris-HCl (pH 8.1,
0.01% MgCl2, Cayman Chemical Company, Ann Arbor, MI)
was added for 90 minutes at 37°C. The reaction was halted
by adding 100 µL of 3 N NaOH and measured at 405 nm
using enzyme-linked immunosorbent assay (ELISA) reader
(BioTek Instruments, Winooski, VT).
The pure p38 protein was incubated with kinase buffer,
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with and without the test peptide. The decline in absorbance
of yellow product nitrophenolate formed after primary and
secondary antibody incubation was measured at 405 nm. The
protein in kinase buffer without peptide was used as blank.
Its absorbance was considered as 100% activity and was used
to calculated percentage inhibition of each peptide. Same
experiment was performed with p38 protein.
7. Statistical analysis

plotting sensitivity versus specificity, which is required to
obtain cut-off values for given proteins in the serum. Statistical significance was considered with p-value of < 0.05.
8. Ethical statement
Patients with history of surgery and/or any other chronic
diseases were not included in the study. Ethics subcommittee
of AIIMS approved this study (Ref. No. IESC/T-364/28.09.
2012). Written informed consents were obtained.

For statistical analysis, GraphPad Prism ver. 5.0 (GraphPad
Software, San Diego, CA) was used. Descriptive analysis was
done for all variables and with percentages or mean (95%
confidence interval) as suitable. Student unpaired t test for
comparison of two categories was performed for baseline
comparison between HNSCC and control population. Receiver operating characteristic (ROC) curve was obtained by

Table 1. Demographic characteristic of study subjects of controls and HNSCC
Variable
Sex
Male
Female
Age group (yr)
30-50
51-70
> 70
Mean age
Habit
Smoking+chewing
No habit
Stage
I+II
III+IV
Tumor size
T1+T2
T3
T4
Node
N0
N+
Histopathology
MDSCC
SCC
WDSCC
PDSCC

Control (n=52)

HNSCC (n=60)

43 (82.7)
9 (17.3)

51 (85)
9 (15)

42 (80)
10 (20)
43.3 (

30 (50)
24 (40)
6 (10)
52.8 (

-

57 (95)
3 (5)

-

11 (18.3)
49 (81.7)

-

14 (23.3)
25 (41.6)
21 (35.0)

-

27 (45)
33 (55)

-

38 (63.3)
16 (26.6)
4 (6.6)
2 (3.3)

Values are presented as number (%). HNSCC, head and neck squamous cell carcinoma; MDSCC, moderately differentiated
squamous cell carcinoma; SCC, squamous cell carcinoma; WDSCC, well differentiated squamous cell carcinoma; PDSCC,
poorly differentiated squamous cell carcinoma.
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Fig. 1. Standard curve of pure recombinant p38 mitogen-activated protein kinase by surface plasmon resonance. (A) p38.
(B) p38. (C) p38. (D) p38. Concentration of protein in control and head and neck squamous cell carcinoma (HNSCC)
patient. Histogram of p38 (E), p38 (F), p38 (G), and p38 (H). (Continued to the next page)
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Fig. 1. (Continued from the previous page) Receiver operating characteristic analysis showing the area under curve (AUC) for
p38 (I), p38 (J), p38 (K), and p38 (L) to distinguish HNSCC to healthy control subjects.

Results

2. Quantitative analysis of serum p38, , , and  in the
study group

1. Demographic data of study groups

The binding of the proteins were in the linear range, as
shown in the standard curve (Fig. 1A-D). The mean concentrations of p38, , , and  of the cases at the time of diagnosis were 0.64, 5.64, 2.5, and 3.94 ng/µL and were 0.17, 4.26,
1.41, and 2.14 ng/µL for the controls, respectively (Fig. 1E-H).
The mean concentration of all protein isoforms was compared with the demographic data of the cases (Table 2).
ROC curves for each protein were generated between controls and cases. Based on the surface plasmon resonance

The demographic data of HNSCC cases and healthy subjects are described in Table 1. The majority of cases in both
groups were males. Furthermore, majority of the cases were
active tobacco chewers or smokers. Most of the cases were in
their advanced stage (III+IV) disease with histopathologic
type, moderately differentiated squamous cell carcinoma.
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Table 2. Concentration of p38, , , and  in HNSCC study group with different attributes
p38 pretherapy
(ng/µL)

p38 pretherapy
(ng/µL)

p38 pretherapy
(ng/µL)

p38 pretherapy
(ng/µL)

52
60
36

0.17
0.64

4.26
5.6

1.42
2.55

2.14
3.94

51
9

0.63
0.70

5.59
5.79

2.52
2.76

3.95
3.90

30
24
6

0.63
0.65
0.64

5.60
5.60
5.67

2.37
2.68
2.96

3.70
4.08
4.59

57
3

0.64
0.64

5.62
5.67

2.53
2.90

3.91
4.59

11
11
38

0.72
0.68
0.60

6.20
5.80
5.39

2.84
2.62
2.45

4.64
4.04
3.71

27
33

0.69
0.60

6.01
5.30

2.78
2.37

4.22
3.71

38
16
4
2

0.62
0.66
0.66
0.70

5.47
5.80
5.60
0.67

2.51
2.69
2.30
2.69

3.85
4.13
3.88
4.28

No.
Control
HNSCC pretherapy
HNSCC post-therapy
Sex
Male
Female
Age group (yr)
30-50
51-70
> 70
Habit
Smoking+chewing
No habit
Stage
I+II
III
IV
Node
N0
N+
Histopathology
MDSCC
SCC
WDSCC
PDSCC

HNSCC, head and neck squamous cell carcinoma; MDSCC, moderately differentiated squamous cell carcinoma; SCC, squamous cell carcinoma; WDSCC, well differentiated squamous cell carcinoma; PDSCC, poorly differentiated squamous cell
carcinoma.

Table 3. Concentration of p38, , , and  in HNSCC study group pretherapy and post-therapy
p38
NED
NR
p38
NED
NR
p38
NED
NR
p38
NED
NR

No.

p38 pretherapy

p38 post-therapy

p-value

31
5

0.7±0.08
0.62±0.050

0.6±0.083
0.62±0.035

< 0.001
0.90

31
5

6±0.08
6±0.68

5.49±0.56
5.86±0.67

< 0.001
0.64

31
5

2.91±0.38
2.78±0.20

2.7±0.35
2.84±0.24

0.02
0.71

31
5

4.5±1.01
4.43±0.75

3.75±0.54
4.05±1.032

< 0.001
0.5244

HNSCC, head and neck squamous cell carcinoma; NED, non-evidence of disease, clinically responders; NR, non-responder.
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Table 4. Comparative docking scores of top 10 tetra-peptides docked against MAPK p38 with other isoforms of p38 MAPK
No.
1
2
3
4
5
6
7
8
9
10

Tetra-peptides

1CM8-p38
Glide Score

1A9U-p38
Glide Score

3GPO-p38
Glide Score

3COI-p38
Glide Score

WFYH
HYYW
WHMH
HQWF
DHYW
WHWW
WHHW
WKNH
HCHY
WDWK

–12.44
–11.70
–11.69
–11.54
–11.54
–11.51
–11.47
–11.40
–11.39
–11.35

–8.04
–9.79
–7.74
–8.87
–8.82
–8.39
–8.43
–7.76
–9.51
–7.19

–7.49
–7.54
–7.34
–5.66
–6.60
–8.10
–8.22
–7.44
–7.44
–5.86

–5.32
–7.27
–9.17
–4.83
–6.65
–9.42
–9.86
–7.91
–9.37
–10.82

MAPK, mitogen-activated protein kinase.

(SPR) data, the area under ROC curves was calculated to
measure its utility for detection of HNSCC. Based on our
data, the obtained cut-off values for p38, , , and  were
 0.35,  4.84,  2.62, and  1.60 ng/µL, respectively. For p38,
area under the curve (AUC) yielded sensitivity and specificity of 100% to detect HNSCC. The threshold value yielded
a sensitivity/specificity of 81%/92% for p38, 75%/85% for
p38, and 71%/80% for p38 in detecting HNSCC cases
(Fig. 1I-L).
Hence, it revealed that the diagnostic efficiency of p38 in
detecting HNSCC was higher as compared to other p38
MAPK isoforms and was followed by p38, , and .
3. Estimation of expression level of p38MAPK protein after
therapy
During clinical assessment, only 36 out of 60 cases underwent treatment. Among these 36 cases, only 31 cases were
clinically responders to therapy and demonstrated significant decrease in proteins levels (p38, , and ) after therapy
while p38 concentrations remained unchanged. The remaining five cases were clinically nonresponders and showed no
changes in protein concentration of all p38 MAPK (Table 3).
The cases were reevaluated by clinicians after completion of
therapy, as well as by endoscopy whenever required by
radiological examination.
4. Designing of peptide inhibitor using molecular docking
Tetrapeptide library of 1.6 lacs tetrapeptides were screened
and docked using GLIDE program (Schrödinger, LLC, New
York, NY) against p38 MAPK. Based on the Glide Score, the
top 15% of the tetrapeptides were finally docked using extra
precision mode of the program; the top ten tetrapeptides
were then obtained (S1 Table) and evaluated for postdocking
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analysis, as well as their selectivity against other p38 MAPK
isoforms (Table 4). Based on our docking experiments, the
highest docking score computed for the WFYH tetrapeptide
(Glide Score) was –12.44. The corresponding Emodel value
for this tetrapeptide was also highest among other top ten
tetrapeptides and was computed to be –151.70.
5. Post-docking analysis
The molecular docking experiments were further validated
using postdocking analysis programs: X-score and Lig interaction diagram. The WFYH tetrapeptide interacted with six
hydrogen bonds, and it also formed - interaction with Phe169 (Fig. 2A-D), which is a key residue in p38 MAPK family
members. To determine the selectivity of WFYH tetra peptide, we further docked it with other p38 MAPK isoforms at
the ATP binding site. Surface structure of p38 illustrates a
docked WFYH tetra peptide at its ATP-binding site (Fig. 3A).
Ribbon diagram showing Lys-54, Pro-108, Met-110, Lys-116,
and Asp-168 residues of p38 hydrogen bonding with WFYH
tetra peptide (Fig. 3B).
6. Binding studies of peptide with p38 by SPR
The RU values of immobilized anti-GST antibody on flow
cells 1 and 2 were 7,004.4 and 7,174.2, respectively (S2 Fig.).
The recombinant GST protein immobilized on flow cell 1
showed RU of 24,545.0, whereas the RU observed for p38
pure protein immobilized on flow cell 2 was 24,666.3.
On the other hand, the RU observed for p38 immobilization on Ni-NTA sensor chip was 18,639.
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Fig. 2. (Continued from the previous page) (C) p38: Asp-124, Glu-125 (4), Gln-128, Gly-276. (D) p38 no hydrogen forming residue present.
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The analysis of peptide binding was done by passing three
different concentrations. The calculated KD analyzed by BIA
evaluation 3.0 software value of the WFYH peptide with
p38 was (7.04±0.1)10–10 M (Fig. 4), whereas no binding was
observed in the case of WFYH with p38.
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7. Binding analysis of WFYH peptide with p38

8. Percentage inhibition assay of peptide by ELISA
The percentage inhibition of p38 with 75 µM WFYH peptide as determined through ELISA was found to be 77%.
However, no inhibition was noted for p38.

Discussion
The expression of p38 MAPK isoforms varies in different
cell types. Among four isoforms, p38 has been well studied
in HNSCC and in other cancers. Elevated serum p38 level
in HNSCC was reported earlier from our laboratory [3]. This
study aims to explore the expression levels of all p38 MAPK
isoforms in serum of HNSCC patients and to identify specific
protein markers for early detection of such disease. In our
study, we found a significant decrease in the expression patterns of p38 and p38 (p < 0.001) after therapy in clinically
responder patient group, thus clearly suggesting its importance in the diagnosis and prognosis of HNSCC, as it can be
a good therapeutic target as well. In contrast, the expression
level of p38 was also associated with HNSCC; however,
after therapy, its concentration in serum remained unchanged.
Different tissue and cellular expression status of p38 MAPKs
suggest their association with distinct signaling pathways;
thus, targeting one of the four isoforms, p38 can be beneficial in alleviating associated symptoms. However, the candidate ligand must be specific against only one target isoform
and should not inhibit the other isoforms of the family.
Studies have shown that although the members of p38
MAPKs family share similarities, yet they can be categorized
into two subsets on the basis of substrate phosphorylation
and activation [8] and comparative sequence similarities
between the subsets and expression profile. This characterization can be well understood by the inhibition pattern
among these isoforms, wherein one subset (p38 and ) is
sensitive to pyridinyl imidazole drugs, whereas the other
subset (p38 and ) is resistant to these drugs [9]. Thus, to
study the specificity of the WFYH tetrapeptide, we also
docked it and the other top nine tetrapeptides against the
ATP-binding sites of p38, , and . Based on the docking
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A

B

Fig. 3. Docked pose of tera-peptide WFYH (green) with p38 (white). (A) Surface structure of p38 (white) with active site
(yellow) and WFYH tera-peptide. (B) Ribbon structure of p38 with tera-peptide WFYH; residues forming hydrogen bonds
are labeled pink and hydrogen bonds are represented by red lines and corresponding distances in blue.
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Fig. 4. Sensorgram showing concentration dependent binding of WFYH peptide with recombinant GST tag p38
protein (resonance unit on y-axis and time in second on
x-axis).

and postdocking analysis, the WFYH tetrapeptide computed
with p38 isoforms and showed the best Glide Scores with
p38, hence indicating poor binding potentials of WFYH
with other isoforms (Table 4).
p38 MAPKs exhibit two states, namely active and inactive.
The transformation of these isoforms, from inactive to active
configuration, is due to the conformational rearrangements
within the protein structures, which are induced by dual
phosphorylation at Thr and Tyr moieties localized in the
activation loop (residues 168-186). In p38, Thr-180 and Tyr182 are phosphorylated, which are coordinated by R-71,
R-149, R-177, R-186, and R-189. Similarly, in p38 phospho-

rylated Thr-180 and Tyr-182 are coordinated by R-67, R-70,
R-171, R-189, and H-228; in p38, phosphorylated Thr-183
and Tyr-185 are coordinated by K-69, R-73, R-152, R-176,
R-189, and R192 [10]; and in p38, phosphorylated Thr-183
and Tyr-185 are coordinated with K-69, R-70, R-73, R-152,
R-176, R-189, and R-192 [11]. Ligands interacting with these
coordinating residues will disrupt the structural conformation of active MAPKs. Postdocking analysis of docked WFYH
to p38 MAPKs isoforms demonstrated no interaction between WFYH and any of the coordinating residues involved
in the stabilization of p38 MAPKs (Fig. 2A-D). In p38 MAPK
isoforms, the Phe-169 in the activation loop is a pivotal
residue, which shuttles in different conformations in active
and inactive forms. Postdocking analysis shows that WFYH
tetrapeptide does not interact with Phe-169 of p38 and ;
however, it forms a hydrophobic interaction with Phe-169 of
p38 and - interaction with Phe-169 of p38. - interactions are strong noncovalent forces, which play crucial role
in maintaining protein structures and in ligand-protein
interactions. These forces are well suited for biological interactions encountering a strong hydrophobic environment or
when the interacting residue is deeply embedded in the protein [12]. Formation of - interaction between the benzene
ring of Trp of WFYH and Phe-169 thus confers a strong
interacting force, which contributes to enhanced binding
affinity of WFYH to p38; this interaction also locks the
movement of Phe-169.
As there are more than 50% of sequence similarities between p38 and , analyzing the interactions between WFYH
and these residues can be used to determine both the efficacy
and comparative specificity of p38, with respect to p38.
The WFYH docked to ATP site of p38 forms hydrogen
bonds with Lys-54, Met-110 localized in the hinge region,
and Asp-168 of DFG motif; Pro-108 and Lys-116, on the other
hand, when docked to p38, forms hydrogen bonds with
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Gly-110, Asp-112, and Asp-168, along with other 14 hydrophobic interactions (Fig. 2B). Multiple studies on different
inhibitors exhibiting higher specificity for p38 share some
common hydrogen bond forming residues such as Lys-53,
Val-105, Leu-108, Met-109, Gly-110, and Asp-168. Most of the
p38 inhibitors also interact with Thr-106 and Tyr-35. This
data clearly suggests that the WFYH exhibits lower binding
affinity for p38, as it shares hydrogen bonds with only two
residues that are commonly shared by other p38 inhibitors.
Furthermore, various studies have shown that specific inhibition of p38 by inhibitors requires hydrogen bond formation with Met-109 and Gly-110. This interaction induces a
peptide flip of both Met-109 and Gly-110, which contributes
to p38 inhibitor selectivity [13-15]. The tetrapeptide WFYH
forms hydrogen bond with Gly-110, but not with Met-109,
against p38, thus indicating poor selectivity.
Comparative analysis of WFYH docking with p38, , ,
and  demonstrates that the tetrapeptide WFYH demonstrated good binding affinity for p38, in contrast to other
isoforms, as observed by comparative lower Glide Scores
and differences in the interacting residues.
The obtained KD value by SPR method and % inhibition
values determined through ELISA showed that WFYH can
be considered as an effective p38 inhibitor. The specificity
of the peptide inhibitor was also confirmed by performing
inhibition of pure p38. A reduction in phosphorylation of
ATF-2 was also observed in kinetic assays involving pure
p38 protein incubated with peptide. Hence, p38 MAPK
inhibitor can be a potential therapeutic agent for HNSCC.

In conclusion, among p38 MAPK isoforms, p38 was
found to be associated with overall stage specific and prognosis of HNSCC, and higher p38 levels were associated
with disease condition. Based on the SPR data, the AUC was
calculated to measure the utility of each protein as potential
markers for HNSCC. The obtained ROC curves also revealed
that higher values of marker can be used in detecting disease
and differentiating cases from healthy controls. Higher levels
of proteins were associated with disease conditions. These
results provide information regarding p38 MAPK isoforms
expression pattern in HNSCC and also report that p38 can
be a very promising protein marker, as well as a therapeutic
target.
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Purpose
The purpose of this study was to investigate the non-inferiority of omitting radiotherapy (RT)
after breast-conserving surgery (BCS) for hormone receptor (HR)positive T1N0 breast cancer in elderly women.
Materials and Methods
From 2004 to 2014, HR-positive T1N0 breast cancer patients aged 50 years or older and
receiving BCS were retrieved from the Surveillance, Epidemiology, and End Results 18 database. After propensity score matching between the no-RT and RT groups, univariate and
multivariate analyses were performed. Identified prognostic factors were used to stratify
the risk groups. In each risk group, 10-year cancer-specific survival (CSS) rates were compared between the no-RT and RT groups.
Results
After propensity score matching, the numbers of patients in the no-RT and RT groups were
both 18,586. For patients who satisfied both a tumor size of 1-10 mm and a tumor grade
of 1-2, omitting RT did not decrease the CSS rate at any age group, ranging from  50 to
 85 years; for patients aged  50 years, the 10-year CSS rates in the no-RT and RT groups
were 97.2% and 96.8%, respectively (adjusted hazard ratio, 0.862; p=0.312). However, for
patients with a tumor size of 11-20 mm or tumor grade of 3-4, RT significantly increased
the CSS rate irrespective of age.
Conclusion
RT after BCS for HR-positive T1N0 breast cancer in elderly women might be omitted without
causing a decrease in the CSS rate, but only in patients who satisfy both a small tumor size
( 10 mm) and low tumor grade (1-2).

Introduction
Adjuvant radiotherapy (RT) after breast-conserving surgery (BCS) for early-stage breast cancer patients of old age is
controversial. Elderly patients have a high prevalence of
comorbidity [1], and the rate of other-cause mortality
increases with age [2]. Treatment-induced morbidity is also
a considerable factor [3]. Early-stage breast cancer is associated with a relatively low mortality rate, and old age itself
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can be considered a low risk factor compared with young age
in breast cancer patients [4]. Therefore, reduced treatments
may not decrease the survival rate in elderly patients compared with conventional treatments [5]. Two randomized
controlled trials (Cancer and Leukemia Group B [CALGB]
9343 [6] and PRIME II [7]) demonstrated no overall survival
benefit from adjuvant RT in elderly patients with early-stage
breast cancer after BCS.
In contrast, it appears that RT reduces local recurrence
irrespective of age [8]. Many studies have shown that
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reduced treatments for elderly breast cancer patients significantly decreased the cancer-specific survival (CSS) rate
[2,9,10].
The National Comprehensive Cancer Network recommends selective administration of RT for women  70 years
of age with stage I breast cancer [11], while the International
Society of Geriatric Oncology, European Society of Breast
Cancer Specialists [12], and the 14th St. Gallen International
Breast Cancer conference [13] recommend that RT should not
be omitted regardless of age.
In clinical practice, there is a prevalent demand to reduce
treatments in elderly patients [14,15]. These efforts to avoid
over-treatment, however, may lead to under-treatment of
elderly patients who can achieve survival benefits from conventional treatments. Therefore, a precise selection of the
patient groups for RT is mandatory.
Accumulating evidence has indicated that the molecular
subtype of breast cancer is a significant prognostic factor [16].
Especially, hormone receptor (HR)positive breast cancer
has a good prognosis compared with HR-negative cancer
[17]. In addition, other prognostic factors, such as tumor size
and grade, may also influence treatment outcomes. An optimal cut-off age to dichotomize patients into young and old
groups is also needed.
In this study, a contemporary population-based cohort
was examined to evaluate the effect of omitting adjuvant RT
from the treatment of HR-positive early-stage breast cancer
in elderly patients of various age groups by comparing CSS
rates between no-RT and RT groups.

nodes. Patients who were diagnosed by a death certificate
only or autopsy only or patients without survival information were excluded.
In the SEER 18 database, four tumor grade scales were
used: grade 1, well-differentiated; grade 2, moderately differentiated; grade 3, poorly differentiated; and grade 4,
undifferentiated or anaplastic. The Nottingham or Bloom–
Richardson (BR) grade (1-3) has been additionally reported
for breast cancer since 2010, and the BR grade from 1 to 3 was
well matched with the previously reported tumor grade
from 1 to 3, respectively. As grade 4 was defined as undifferentiated or anaplastic differentiation, it was considered a
poor prognosis.
2. Propensity score matching
Before propensity score matching, the no-RT and RT groups
were compared using Pearson’s chi-square test. One-to-one
(1:1) propensity score matching between the no-RT and RT
groups was conducted using a nearest neighbor algorithm.
The matched variables were age, race, year of diagnosis,
tumor grade, histology, tumor size, number of examined
lymph nodes, chemotherapy (yes or no), insurance, and marital status.
After propensity score matching, a comparison of the variable distributions between the no-RT and RT groups was
performed again using Pearson’s chi-square test to evaluate
the effectiveness of propensity score matching.
3. Univariate and multivariate analyses

Materials and Methods
1. Study population
A list of patients was retrieved from the Surveillance, Epidemiology, and End Results (SEER) 18 database using the
case listing option of the survival session of the SEER*Stat
software program. Since the SEER data consists of de-identified data, this study was exempt from the Institutional
Review Boards approval process.
The inclusion criteria were as follows: (1) pathologically
confirmed breast cancer as the first primary cancer, (2)
female, (3) aged 50  years, (4) T1N0 stage, (5) HR (estrogen
receptor or progesterone receptor)–positive cancer, (6) diagnosed from 2004 to 2014, (7) received BCS (surgery code
20-24), (8) received at least one regional lymph node examinations, (9) having information regarding adjuvant RT
(no/unknown, refused, or beam radiation after surgery),
tumor grade, tumor size, and number of examined lymph

After propensity score matching, univariate analysis of the
effect of each variable on the 10-year CSS rate was performed
using the Kaplan-Meier survival estimate followed by logrank test. Variables that were statistically significant with a
p-value of < 0.05 in the univariate analysis were then incorporated into a multivariate analysis. Multivariate analysis
using the Cox proportional hazards model was performed
to generate an adjusted hazard ratio (aHR) and a p-value for
each variable. The variables with a notably high or low aHR
and with statistical and clinical significances were selected
and used to stratify risk groups.
4. Comparison of 10-year CSS rates between the no-RT and
RT groups
In each classified risk group, the 10-year CSS rates were
calculated and then compared between the no-RT and RT
groups using the Kaplan-Meier method followed by log-rank
test. A Cox proportional hazards model was used for multivariate analysis, incorporating all variables, to calculate the
aHR for RT in each risk group.
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Table 1. Patient characteristics with HR-positive T1N0 breast cancer according to radiotherapy after BCS
Before PSM
Characteristic
Age (yr)
50-59
60-69
70-79
 80
Race
White
Black
Other
Unknown
Year of diagnosis
2004-2009
2010-2014
Tumor grade
1-2
3-4
Histology
IDC
ILC
Other
Tumor size (mm)
1-10
11-20
No. of examined LNs
1-4
5-9
 10
Chemotherapy
No/Unknown
Yes
Insurance
Uninsured
Insured
Unknown
Marital status
Married
Other
Unknown

After PSM

No-RT
(n=18,586)

RT
(n=72,863)

p-valuea)

No-RT
(n=18,586)

RT
(n=18,586)

p-valuea)

4,205 (22.6)
4,911 (26.4)
5,913 (31.8)
3,557 (19.1)

23,808 (32.7)
28,401 (39.0)
16,506 (22.7)
4,148 (5.7)

< 0.001

4,205 (22.6)
4,911 (26.4)
5,913 (31.8)
3,557 (19.1)

4,147 (22.3)
4,926 (26.5)
6,023 (32.4)
3,490 (18.8)

0.557

15,889 (85.5)
1,293 (7.0)
1,226 (6.6)
178 (1.0)

62,249 (85.4)
4,885 (6.7)
5,442 (7.5)
287 (0.4)

< 0.001

15,889 (85.5)
1,293 (7.0)
1,226 (6.6)
178 (1.0)

15,914 (85.6)
1,278 (6.9)
1,271 (6.8)
123 (0.7)

0.012

9,105 (49.0)
9,481 (51.0)

36,091 (49.5)
36,772 (50.5)

0.185

9,105 (49.0)
9,481 (51.0)

9,274 (49.9)
9,312 (50.1)

0.080

15,965 (85.9)
2,621 (14.1)

63,022 (86.5)
9,841 (13.5)

0.035

15,965 (85.9)
2,621 (14.1)

15,929 (85.7)
2,657 (14.3)

0.593

13,698 (73.7)
1,256 (6.8)
3,632 (19.5)

55,115 (75.6)
5,502 (7.6)
12,246 (16.8)

< 0.001

13,698 (73.7)
1,256 (6.8)
3,632 (19.5)

13,693 (73.7)
1,270 (6.8)
3,623 (19.5)

0.956

8,862 (47.7)
9,724 (52.3)

35,484 (48.7)
37,379 (51.3)

0.013

8,862 (47.7)
9,724 (52.3)

8,772 (47.2)
9,814 (52.8)

0.350

15,107 (81.3)
2,500 (13.5)
979 (5.3)

59,993 (82.3)
9,460 (13.0)
3,410 (4.7)

0.001

15,107 (81.3)
2,500 (13.5)
979 (5.3)

15,121 (81.4)
2,487 (13.4)
978 (5.3)

0.980

16,826 (90.5)
1,760 (9.5)

63,288 (86.9)
9,575 (13.1)

< 0.001

16,826 (90.5)
1,760 (9.5)

16,828 (90.5)
1,758 (9.5)

0.972

136 (0.7)
13,895 (74.8)
4,555 (24.5)

469 (0.6)
54,393 (74.7)
18,001 (24.7)

0.369

136 (0.7)
13,895 (74.8)
4,555 (24.5)

98 (0.5)
13,850 (74.5)
4,638 (25.0)

0.030

9,216 (49.6)
8,258 (44.4)
1,112 (6.0)

43,970 (60.3)
26,260 (36.0)
2,633 (3.6)

< 0.001

9,216 (49.6)
8,258 (44.4)
1,112 (6.0)

9,250 (49.8)
8,249 (44.4)
1,087 (5.8)

0.839

Values are presented as number (%). HR, hormone receptor; BCS, breast conserving surgery; PSM, propensity score matching;
RT, radiotherapy; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; LN, lymph node. a)Pearson's chi-square
test.

5. Statistical analysis
The CSS was defined as the time from diagnosis to death
attributable to this breast cancer. Individuals who were alive
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or dead due to other cause were considered to be censored.
The SEER database offers the SEER cause-specific death classification data.
The R software (ver. 3.3.3, http://www.r-project.org/)
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package ‘MatchIt’ was used to perform propensity score
matching, and packages ‘survminer’ and ‘survival’ were
used to generate plots comparing the 10-year CSS rate
between the no-RT and RT groups in each risk group. All
other statistical calculations were performed using Stata software (Stata/MP ver. 14.2, StataCorp., College Station, TX).
6. Ethical statement
The Institutional Review Board (IRB) deemed this study
using de-identified data to be exempt from IRB approval.
Informed consent was not required because of the retrospective nature of the study. All procedures performed in studies
were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable
ethical standards.

Results
1. Patient characteristics prior to propensity score matching
All patients were HR-positive stage I breast cancer patients
treated with BCS. The numbers of patients in the no-RT and
RT groups were 18,586 (20.3%) and 72,863 (79.7%), respectively (Table 1). Patients who were not treated with adjuvant
RT were older than those treated with RT. The numbers of
patients  70 years of age were 9,470 (50.9%) and 20,654
(28.4%) in the no-RT and RT groups, respectively (p < 0.001).
There were 7,462 (40.1%), 8,503 (45.7%), 2,567 (13.8%), and
54 (0.3%) patients in the no-RT group and 28,294 (38.8%),
34,728 (47.7%), 9,691 (13.3%), and 150 (0.2%) in the RT group
with tumor grades 1, 2, 3, and 4, respectively (p < 0.001). The
majority of patients received 1-4 lymph node examinations
in the no-RT (81.3%) and RT groups (82.3%); slightly more
patients received  10 lymph node examinations in the
no-RT group than the RT group (5.3% vs. 4.7%). More
patients received chemotherapy in the RT group than in the
no-RT group (9.5% vs. 13.1%).
2. Patient characteristics after propensity score matching
Propensity score matching (1:1) between the no-RT and RT
groups was performed. After matching, the numbers of
patients in the no-RT and RT groups were the same (18,586
vs. 18,586), and only the variables race and insurance status
showed a significantly difference between the groups. There
were 5,913 (31.8%) and 6,023 (32.4%) patients aged 70-79
years and 3,557 (19.1%) and 3,490 (18.8%) patients aged  80

years in the no-RT and RT groups, respectively (p=0.557)
(Table 1).
3. Univariate and multivariate analyses
After propensity score matching, univariate analysis of the
CSS rate was performed. Except for the year of diagnosis and
number of examined lymph nodes, all variables showed significant prognostic power with p < 0.05. Especially, old age,
high tumor grade, tumor size > 10 mm, and no-RT indicated
a significantly poor prognosis (Table 2).
Multivariate analysis was performed after incorporating
age, race, tumor grade, histology, tumor size, chemotherapy,
RT, insurance, and marital status. As a result, old age (aHR
for 60-69 years compared with 50-59 years, 1.324; p=0.028;
aHR for 70-79 years, 2.105; p < 0.001; aHR for  80 years,
3.647; p < 0.001), high grade (aHR for grade 3-4, 2.212;
p < 0.001), histologies which are neither invasive ductal carcinoma (IDC) nor invasive lobular carcinoma (ILC) (aHR for
other histology compared with IDC, 0.688; p < 0.001), and
tumor size > 10 mm (aHR for 11-20 mm, 1.520; p < 0.001)
were significantly correlated with a poor prognosis.
The worse CSS in older age may be related to the possibility that extremely elderly patients did not receive active treatments when recurrences occurred. The number of patients
and the 10-year CSS rate for each histology after propensity
score matching were as follows: IDC (n=27,391; 10-year CSS,
94.9%), ILC (n=2,526, 94.7%), infiltrating duct and lobular
carcinoma (n=2,548, 96.1%), infiltrating duct mixed other
types of carcinoma (n=1,538, 96.2%), mucinous adenocarcinoma (n=1,398, 97.4%), and tubular adenocarcinoma (n=682,
97.5%). The numbers of patients in the other histologies were
less than 200 per histology. The survivals of major histologies
other than pure IDC and ILC were favorable. Especially the
good prognoses of mucinous adenocarcinoma and tubular
adenocarcinoma seemed to be the reasons of the significantly
favorable CSS in the histologies except IDC and ILC.
Patients treated with RT showed a significantly favorable
prognosis (aHR, 0.622; p < 0.001), while patients treated with
chemotherapy were correlated with a significantly poor
prognosis (aHR, 1.566; p < 0.001). A higher proportion of
patients who received chemotherapy had a tumor grade of
3-4 (1,498 of 3,518 [42.6%]) compared with those who did not
receive chemotherapy (3,780 of 33,654 [11.2%]), suggesting
that a high tumor grade may influence the adverse effect of
chemotherapy on the CSS rate.
4. Comparison of 10-year CSS rates between the no-RT and
RT groups
The 10-year CSS rates were compared between the no-RT
and RT groups in each risk group stratified by significantly
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Table 2. Univariate and multivariate analyses of the CSS rate in HR-positive T1N0 breast cancer after PSM
Characteristic
All
Age (yr)
50-59
60-69
70-79
 80
Race
White
Black
Other
Unknown
Year of diagnosis
2004-2009
2010-2014
Grade
1-2
3-4
Histology
IDC
ILC
Other
Tumor size (mm)
1-10
11-20
No. of examined LNs
1-4
5-9
 10
Chemotherapy
No/Unknown
Yes
Adjuvant radiotherapy
No/Unknown
Yes
Insurance
Uninsured
Insured
Unknown
Marital status
Married
Other
Unknown

Univariate

Multivariate
a)

10-Year CSS (%)

95% CI

p-value

aHR

95% CI

p-valueb)

96.3
96.4
95.5
91.2

95.3-97.2
95.5-97.1
94.6-96.2
89.2-92.8

< 0.001

Reference
1.324
2.105
3.647

1.030-1.701
1.651-2.684
2.835-4.691

0.028
< 0.001
< 0.001

95.2
94.2
96.7
96.7

94.7-95.7
92.1-95.8
94.0-98.2
89.6-99.0

0.018

Reference
1.232
0.692
0.900

0.935-1.625
0.473-1.012
0.289-2.808

0.139
0.058
0.857

98.2
98.6

98.0-98.4
98.3-98.9

0.756

95.9
92.1

95.3-96.3
90.5-93.4

< 0.001

Reference
2.212

1.853-2.640

< 0.001

94.9
94.7
96.5

94.3-95.5
91.7-96.6
95.5-97.3

0.006

Reference
0.926
0.688

0.677-1.267
0.557-0.851

0.631
0.001

96.7
94.1

96.1-97.2
93.2-94.8

< 0.001

Reference
1.520

1.291-1.790

< 0.001

95.4
94.9
94.8

94.8-95.9
93.4-96.0
93.0-96.1

0.064

95.4
94.4

94.8-95.9
92.6-95.7

0.004

Reference
1.566

1.226-2.001

< 0.001

94.4
96.1

93.5-95.1
95.5-96.7

< 0.001

Reference
0.622

0.533-0.725

< 0.001

97.8
98.3
98.0

93.1-99.3
98.1-98.5
97.7-98.3

0.020

Reference
0.590
0.767

0.219-1.590
0.284-2.069

0.297
0.600

95.8
94.6
95.7

95.1-96.4
93.9-95.3
91.4-97.9

< 0.001

Reference
1.186
0.753

1.010-1.393
0.492-1.153

0.037
0.193

NA

NA

CSS, cancer-specific survival; HR, hormone receptor; PSM, propensity score matching; CI, confidence interval; aHR, adjusted
hazard ratio; NA, not applicable; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; LN, lymph node.
a)
Kaplan-Meier survival estimates compared by log-rank test, b)Cox proportional hazards model.
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Table 3. CSS rate in HR-positive T1N0 breast cancer according to age, size, and grade after PSM
Univariate
Age (yr)

No-RT
No.

RT

10-Year CSS 95% CI

Tumor size 1-10 mm, grade 1-2
 50
8,047
 55
7,361
 60
6,547
 65
5,563
 70
4,472
 75
2,955
 80
1,562
 85
502
Tumor size 11-20 mm, grade 1-2
 50
7,918
 55
7,056
 60
6,112
 65
5,141
 70
4,053
 75
2,854
 80
1,659
 85
651
Tumor size 1-10 mm, grade 3-4
 50
815
 55
697
 60
555
 65
439
 70
316
 75
206
 80
102
 85
31
Tumor size 11-20 mm, grade 3-4
 50
1,806
 55
1,490
 60
1,167
 65
888
 70
629
 75
413
 80
234
 85
101

Multivariate

No.

10-Year CSS 95% CI

p-valuea)

aHR
of RT

95% CI

p-valueb)

97.2
96.9
96.6
96.3
96.3
95.7
94.2
93.6

96.4-97.8
96.0-97.6
95.5-97.4
95.1-97.3
95.0-97.3
93.7-97.0
90.0-96.6
87.0-96.9

7,915
7,257
6,427
5,375
4,353
2,613
1,400
289

96.8
96.7
96.7
96.4
96.1
95.0
93.4
95.7

95.8-97.6
95.6-97.5
95.6-97.5
95.1-97.4
94.5-97.2
92.5-96.7
88.5-96.2
90.8-98.0

0.349
0.213
0.177
0.214
0.268
0.392
0.974
0.608

0.862
0.825
0.801
0.807
0.819
0.838
0.984
0.792

0.646-1.150
0.614-1.108
0.590-1.088
0.585-1.112
0.580-1.156
0.558-1.258
0.581-1.666
0.312-2.012

0.312
0.201
0.156
0.190
0.256
0.393
0.952
0.625

93.4
92.4
92.7
91.4
90.3
88.7
86.8
75.4

91.7-94.7
90.5-94.0
90.8-94.2
88.9-93.3
87.4-92.6
85.1-91.6
80.5-91.2
57.5-86.6

8,014
7,195
6,223
5,177
4,142
2,662
1,691
382

95.9
95.8
95.6
95.0
94.9
94.1
92.2
87.8

94.8-96.8
94.7-96.8
94.2-96.7
93.3-96.3
93.1-96.2
91.7-95.8
88.2-94.8
64.0-96.3

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.001
0.021

0.591
0.550
0.591
0.543
0.513
0.497
0.527
0.477

0.468-0.746
0.433-0.699
0.468-0.746
0.421-0.700
0.385-0.685
0.359-0.687
0.362-0.769
0.241-0.942

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.001
0.033

90.9
89.8
88.1
85.3
86.1
83.4
86.5
89.3

85.1-94.5
82.7-94.1
78.9-93.4
73.8-92.1
70.2-93.9
62.9-93.2
70.5-94.2
60.2-97.5

857
738
598
481
355
218
131
22

96.4
96.2
95.7
94.8
94.4
94.8
94.2
NA

94.0-97.9
93.6-97.8
92.5-97.5
90.9-97.1
89.6-97.0
88.4-97.7
84.8-97.8
NA

0.005
0.006
0.008
0.009
0.061
0.063
0.077
0.175

0.387
0.388
0.391
0.392
0.440
0.343
0.337
NA

0.207-0.720
0.204-0.738
0.200-0.765
0.195-0.789
0.198-0.980
0.126-0.935
0.094-1.201
NA

0.003
0.004
0.006
0.009
0.044
0.037
0.093
NA

88.5
87.8
86.7
85.3
83.8
81.9
77.8
70.4

85.0-91.2
84.7-90.4
82.6-89.8
80.2-89.1
77.3-88.5
74.2-87.5
65.1-86.3
45.0-85.7

1,800
1,513
1,191
915
663
423
268
60

93.8
93.9
93.9
93.0
92.4
90.9
89.2
93.3

91.4-95.6
91.2-95.8
91.2-95.8
89.5-95.4
87.5-95.4
82.3-95.4
70.9-96.3
61.3-99.0

< 0.001
< 0.001
0.002
0.005
0.004
0.007
0.004
0.015

0.524
0.480
0.519
0.522
0.457
0.449
0.308
0.015

0.373-0.735 < 0.001
0.333-0.693 < 0.001
0.348-0.775
0.001
0.336-0.810
0.004
0.276-0.757
0.002
0.247-0.816
0.009
0.137-0.693
0.004
0.001-0.230
0.003

CSS, cancer-specific survival; HR, hormone receptor; PSM, propensity score matching; RT, radiotherapy; CI, confidence
interval; aHR, adjusted hazard ratio; NA, not applicable. a)Kaplan-Meier survival estimates compared by log-rank test, b)Cox
proportional hazards model incorporating adjuvant radiotherapy (RT), age, race, year of diagnosis, histology, number of
examined lymph nodes, chemotherapy, insurance, and marital status.

prognostic variables in a multivariate analysis (age, tumor
grade, and tumor size) (Table 3). Tumor size (1-10 mm vs.
11-20 mm) and tumor grade (1-2 vs. 3-4) were used to generate four (22) risk groups. The CSS rate was compared
between the no-RT and RT groups in each risk group accord-

ing to age group ( 50,  55,  60,  65,  70,  75,  80, and 
85 years).
In the risk group with a tumor size of 1-10 mm and tumor
grade of 1-2, no significant difference in CSS was observed
between the no-RT and RT groups in any of the age groups.
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0.75
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Radiotherapy
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0.25

p=0.349

0

0

No. at risk
No-RT 8,047
RT 7,915

p < 0.001

20

40

6,151
6,408

4,626
4,911

60
80
Time (mo)
3,292
3,499

2,079
2,260

100

120

1,134
1,279

353
417

0

No. at risk
No-RT 7,918
RT 8,014

1.00

1.00

0.75

0.75

0.50

No. at risk
No-RT
RT

40

6,068
6,458

4,665
5,056

Radiotherapy
No-RT
RT

60
80
Time (mo)
3,357
3,635

2,139
2,399

100

120

1,111
1,329

332
443

D

0.50
Radiotherapy
No-RT
RT

0.25

p=0.005

0

20

Size 11-20 mm & grade 3-4

CSS rate

CSS rate

0

C

Size 1-10 mm & grade 3-4

0.25

B

Size 11-20 mm & grade 1-2

CSS rate

CSS rate

Size 1-10 mm & grade 1-2

p < 0.001

0

20

40

815
857

635
708

486
544

60
80
Time (mo)
360
425

229
279

100

120

119
155

32
53

0

0

No. at risk
No-RT 1,806
RT 1,800

20

40

1,441
1,444

1,122
1,136

60
80
Time (mo)
814
867

521
583

100

120

289
319

86
104

Fig. 1. Kaplan-Meier estimates of the cancer-specific survival (CSS) rate of patients with hormone receptorpositive T1N0
breast cancer aged  50 years according to whether adjuvant radiotherapy (RT) after breast conserving surgery was received
or not. (A) Tumor size 1-10 mm and tumor grade 1-2. (B) Tumor size 11-20 mm and tumor grade 1-2. (C) Tumor size 1-10
mm and tumor grade 3-4. (D) Tumor size 11-20 mm and tumor grade 3-4.

The 10-year CSS rates were 97.2% and 96.8% in the no-RT
and RT groups, respectively, among patients  50 years of
age (p=0.349) (Fig. 1). In a multivariate analysis incorporating
adjuvant RT, age, race, year of diagnosis, histology, number
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of examined lymph nodes, chemotherapy, insurance, and
marital status, the aHR for RT was not statistically significant
regardless of age (age  50 years: aHR, 0.862; 95% confidence
interval [CI], 0.646 to 1.150; p=0.312) (Figs. 1 and 2).
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A

1.00

1.00

0.75

0.75

0.50
Radiotherapy
No-RT
RT

0.25

0.50
Radiotherapy
No-RT
RT

0.25

p=0.214

0

0

No. at risk
No-RT 5,563
RT 5,375

p < 0.001

20

40

4,173
4,294

3,043
3,226

60
80
Time (mo)

100

120

2,081
2,212

671
798

192
257

1,275
1,399

0

No. at risk
No-RT 5,141
RT 5,177

1.00

1.00

0.75

0.75

0.50

No. at risk
No-RT
RT

40

3,865
4,142

2,860
3,192

Radiotherapy
No-RT
RT

60
80
Time (mo)

100

120

1,963
2,193

578
762

152
247

1,186
1,413

D

0.50
Radiotherapy
No-RT
RT

0.25

p=0.009

0

20

Size 11-20 mm & grade 3-4

CSS rate

CSS rate

0

C

Size 1-10 mm & grade 3-4

0.25

B

Size 11-20 mm & grade 1-2

CSS rate

CSS rate

Size 1-10 mm & grade 1-2

p=0.005

0

20

40

439
481

329
392

237
296

60
80
Time (mo)
175
222

110
142

100

120

64
80

14
31

0
No. at risk
No-RT
RT

0

20

40

888
915

689
711

516
539

60
80
Time (mo)
351
383

211
250

100

120

112
135

28
41

Fig. 2. Kaplan-Meier estimates of the cancer-specific survival (CSS) rate of patients with hormone receptorpositive T1N0
breast cancer aged  65 years according to whether adjuvant radiotherapy (RT) after breast conserving surgery was received
or not. (A) Tumor size 1-10 mm and tumor grade 1-2. (B) Tumor size 11-20 mm and tumor grade 1-2. (C) Tumor size 1-10
mm and tumor grade 3-4. (D) Tumor size 11-20 mm and tumor grade 3-4.

As shown in Figs. 1 and 2, the declining patient number
over time reflects death from any causes. The number of
patients in the no-RT group decreased more rapidly compared to that in the RT group even in the risk group with a

tumor size of 1-10 mm and tumor grade of 1-2, suggesting
that patients with high co-morbidity may have received less
adjuvant RT. However, there was no difference in breast cancer-related mortality (CSS) in the risk group with a tumor
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size of 1-10 mm and tumor grade of 1-2.
In the patients aged  50 years with a tumor size of 11-20
mm and tumor grade of 1-2, the 10-year CSS rates were
93.4% and 95.9% in the no-RT and RT groups, respectively
(p < 0.001). This favorable prognosis in the RT group was
seen in every age group evaluated. Multivariate analyses
demonstrated that RT increased the CSS rate significantly
after adjusting for other prognostic variables (age  50 years:
aHR for RT, 0.591; 95% CI, 0.468 to 0.746; p < 0.001).
In the patients with a tumor size of 1-10 mm and tumor
grade of 3-4, the 10-year CSS rates were 90.9% and 96.4% in
the no-RT and RT groups, respectively (p=0.005). Although
RT did not show a significant survival benefit for patients of
very old age in the multivariate analysis ( 80 and  85 years),
these CSS rates were considerably different between the
no-RT and RT groups, with a low aHR (age  80 years: aHR
of RT, 0.337; 95% CI, 0.094 to 1.201; p=0.093), suggesting that
the relatively small sample size of very old age patients may
have contributed to the lack of statistical significance.
In patients with a tumor size of 11-20 mm and tumor grade
of 3-4, a significant improvement in the 10-year CSS rate by
RT was observed for patients aged  50 years (88.5% and
93.8% in the no-RT and RT groups, respectively; p < 0.001).
According to multivariate analysis, RT increased CSS significantly in all age groups (age  50 years: aHR for RT, 0.524;
95% CI, 0.373 to 0.735; p < 0.001) (Figs. 1 and 2).

Discussion
Our study demonstrated that omitting RT in the treatment
of patients aged  50 years with HR-positive early-stage
breast cancer (T1N0) after BCS did not decrease the 10-year
CSS rate when both conditions of tumor size  10 mm and
low tumor grade (1-2) were satisfied. RT significantly
increased the 10-year CSS rate of patients with a tumor size
> 10 mm or a high tumor grade (3-4) irrespective of age, suggesting that omitting RT may be a reasonable option for elderly patients, but only in those with a tumor size  10 mm
and tumor grade  2.
Adjuvant RT after BCS has long been a dogma, even for
elderly patients, as a significant 10-year recurrence-free survival benefit from RT has been reported in all age groups
[18]. However, as the treatment outcomes in breast cancer
have improved [19], the possibility of omitting RT in elderly
patients is being examined with caution.
Based on the prognostic value of the molecular subtype
even in early-stage breast cancer [20-22], two randomized trials have evaluated RT in elderly patients with HR-positive,
early-stage breast cancer (CALGB 9343 [6] and PRIME II [7]).
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The patients were aged  70 years and  65 years in the
CALGB 9343 and PRIME II trials, respectively. In these trials,
RT significantly decreased the 10-year locoregional recurrence rate from 10% to 2% and the 5-year ipsilateral breast
tumor recurrence rate from 4.1% to 1.3%. Although RT
decreased the locoregional recurrence rate in both trials, this
effect did not lead to an overall survival benefit in elderly
patients with limited life expectancies in either trial, suggesting that the omission of RT can be considered for select
patients. However, the selection of such patients in clinical
practice may require stricter risk assessments to avoid undertreatment of elderly patients.
Moreover, the tumor grade was not reported in the
CALGB 9343, and the number of patients with tumor grade
3 was limited in PRIME II (23 (3.5%) in the no-RT group and
54 (2.0%) in the RT group). Tumor grade has prognostic
value, even in the molecular era, with accumulating evidence
showing that grade is strongly related to tumor behavior
[23].
Considering the prognostic importance of tumor grade, the
American Joint Committee on Cancer staging system, eighth
edition, incorporated tumor grade to refine prognosis [24].
For HR-positive early-stage breast cancer, which has limited
prognostic factors (tumor size  20 mm, no lymph node
involvement, and HR positivity), the importance of the
tumor grade as a prognostic factor may increase. In our
study, tumor grade was identified as a significant prognostic
factor for HR-positive early-stage breast cancer patients, with
one of the highest aHRs (2.212) in the multivariate analysis.
Therefore, prognostic analysis according to tumor grade
would be useful for determining whether to administer RT
to elderly patients.
Our study also demonstrated that tumor size is another
significant factor determining a CSS benefit from RT; RT
increased CSS in patients with a tumor size > 10 mm (T1c)
but not in those with a tumor size  10 mm (T1a or T1b) and
a low tumor grade (1-2). A larger tumor size implies a higher
tumor burden and insufficiently wide excision, resulting in
prognostic differences, even among early-stage breast cancer
patients with a small tumor size [25]. Several studies have
demonstrated that tumor size may not be a main determinant of prognosis for early-stage breast cancer patients
[26,27]. However, in a confined molecular subtype setting
(HR positivity), tumor size appears to be a significant prognosticator, especially when deciding whether to omit adjuvant RT, which is a conventional treatment administered
after BCS. Therefore, in HR-positive early-stage breast cancer
with a tumor size  20 mm, omitting RT may cause adverse
effects unless the tumor size is substantially small (e.g.,  10
mm).
Studies on elderly breast cancer patients used various cutoffs to define old age, including > 50 years [28], 55 years [14],
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65 years [7-9], or 70 years [6]. In our study, no cut-off age was
identified that significantly divided the treatment outcomes.
Every age group showed similar results in terms of RT
effects. One study demonstrated that breast cancer patients
aged  80 years received less aggressive treatment and had
higher cancer-specific mortality compared with younger
patients [10]. Therefore, even for very old patients, omitting
RT based on age should be avoided unless the life expectancy
is obviously short and comorbidities are present, and only
low risk groups, according to HR, tumor size, and tumor
grade, should consider RT omission as an option.
Hepel and Wazer [29] suggested that the omission of RT
is an option for patients with a life expectancy < 5 years or
for patients with a low risk of local recurrence or distant
metastasis. However, for high-risk patients, such as those
with a high tumor grade, lymphovascular invasion, or
human epidermal growth factor receptor 2 positivity, RT is
strongly recommended. In the same manner, our study supports that HR positivity, tumor grade, and tumor size should
be considered in the decision to omit RT in the treatment of
elderly patients.
As the SEER 18 database does not provide information on
hormone therapy, the effect of hormone therapy could not
be evaluated. However, as hormone therapy is a standard
treatment for HR-positive breast cancer patients, the majority
of HR-positive patients are assumed to receive hormone therapy. Information on local recurrence and distant metastasis

was not available. Therefore, the possibility of a decrease in
the recurrence-free survival rate without a decrease in the
CSS rate in low-risk, early-stage breast cancer indicates that
the omission of RT in relatively young patients should be
considered with caution. Information on performance status,
comorbidities, lymphovascular invasion, surgical margins,
human epidermal growth factor receptor 2 status, RT dose,
and fraction was also not available.
In conclusion, in elderly patients with HR-positive earlystage breast cancer (T1N0), omitting RT did not decrease the
CSS rate of patients with a tumor size  10 mm and tumor
grade  2, suggesting that omitting RT is a possible treatment
option for these patients. For patients with a tumor size > 10
mm or tumor grade 3-4, RT significantly increased the CSS
rate regardless of age. Therefore, even in elderly patients
with HR-positive early-stage breast cancer, omitting RT
should be considered with caution.
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Founder Mutations for Early Onset Melanoma as Revealed by Whole
Exome Sequencing Suggests That This is Not Associated with the
Increasing Incidence of Melanoma in Poland
Purpose
Germline mutations within melanoma susceptibility genes are present only in minority of
melanoma patients and it is expected that additional genes will be discovered with next
generation sequence technology and whole-exome sequencing (WES).
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Materials and Methods
Herein we performed WES on a cohort of 96 unrelated Polish patients with melanoma diagnosed under the age of 40 years who all screened negative for the presence of CDKN2Avariants. A replication study using a set of 1,200 melanoma patient DNA samples and
similarly large series of healthy controls was undertaken.
Results
We selected 21 potentially deleterious variants in 20 genes (VRK1, MYCT1, DNAH14,
CASC3, MS4A12, PRC1, WWOX, CARD6, EXO5, CASC3, CASP8AP2, STK33, SAMD11,
CNDP2, CPNE1, EFCAB6, CABLES1, LEKR1, NUDT17, and RRP15), which were identified
by WES and confirmed by Sanger sequencing for an association study. Evaluation of the
allele distribution among carriers and their relatives in available family trios revealed that
these variants were unlikely to account for many familial cases of melanoma. Replication
study revealed no statistically significant differences between cases and controls.
Conclusion
Although most of the changes seemed to be neutral we could not exclude an association
between variants in VRK1, CREB3L3, EXO5, and STK33 with melanoma risk.
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Introduction
Melanoma is one of the most aggressive human malignancies. The mean survival time for metastatic patients is 6
months when standard chemotherapy is used or up to 12
months if used in combination with the BRAF enzyme inhibitor vemurafenib. The incidence of melanoma has been
increasing dramatically in the Caucasian population since
the 1950s [1].
In Poland the number of affected individuals has increased
by 60% over the past 11 years and has reached over 2,600
new cases identified annually. The etiology of melanoma is
complex, involving both genetic and environmental factors.
Significant heritability of this malignancy was observed in
large twin study [2].
Family studies provide strong support for heterogeneous
mechanisms involved in a polygenic inherited susceptibility
to melanoma that includes both inherited high-risk and lowrisk alleles. To date only one major melanoma susceptibility
gene: CDKN2A has been identified, responsible for only up
to 20% of melanoma-prone patients [3]. Mutations within
other malignant melanoma (MM) high-risk genes, such as
CDK4, ACD, CXC, TERT, TERF2IP, BAP1, or POT1 are
extremely rare and to date have been identified only in few
families worldwide. Because germline mutations in CDKN2A
are present in a minority of melanoma patients it is expected
that additional genes will be discovered with next generation
sequence technology that focuses on whole-exome or wholegenome sequencing. Onset of MM at an early age is suggestive of a hereditary predisposition. However, the heritability
of early-onset MM remains unexplained even in a larger proportion of apparent sporadic cases than among familial cases.
Thus far in the literature there appears to be a paucity of data
from whole exome sequencing among early-onset MM cases.
Given the unique homogenous structure of the Polish population, we undertook an exome screen to determine if there
existed one or more novel high/moderate risk gene(s) for
MM, which may be associated with specific founder effects.
Herein, we performed whole-exome sequencing (WES) on a
cohort of 96 unrelated Polish patients with melanoma diagnosed under the age of 40 years. All of whom had previously
been screened for the present of causative CDKN2A-variants
and found not to harbor any. We studied both recessive and
dominant inheritance patterns by analyses of both sporadic
and familial early onset MM cases. We evaluated protein
truncating DNA alterations only and selected genes for further study based on the relevance of the gene to carcinogenesis.
In the subsequent verification step, we evaluated recurrent
truncating mutations identified by WES in large case-control
study of 1,200 unselected MM patients and 6,200 control sub-
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jects from Poland.

Materials and Methods
1. Study subjects
1) Discovery phase
In the first step of this study, we have performed whole
exome sequencing in a cohort of 96 unrelated patients with
early-onset (< 40 years) melanoma who all screened negative
for CDKN2A-causative variants (65 females; mean age, 30.8
years; range, 15 to 40 years and 31 males; mean age, 30.9
years; range, 18 to 39 years). Half of the patients (48 cases)
were also characterized by a familial aggregation of melanoma among first- or second-degree relatives.
2) Validation phase
We verified the role of variants revealed by WES using a
large case control-study of 1,230 unselected melanoma patients (760 females; mean age, 53.9 years; range, 15 to 92 years
and 470 males; mean age, 55 years; range, 18 to 84 years)
from Poland. 748 unselected MM cases (464 women; mean
age, 53.7 years; 284 men) comprising 62.3% of the total group
were diagnosed between 2002 and 2006 and identified from
cancer registries in five Polish cities (Szczecin, Opole, Bialystok, Zielona Gora, and Gorzow Wielkopolski). The registries capture more than 95% of all diagnosed melanomas.
The remaining 482 (37.7%) unselected MM cases (296 females,
186 males) were diagnosed in the city of Szczecin between
the years 2010 and 2016.
The control group consisted two non-overlapping cohorts
of healthy adults. All mutations that were confirmed by
Sanger sequencing were genotyped in a group of 1,696
healthy adults (943 women, 753 men) with no cancers diagnosed in their families. The healthy adults were assessed as
having a negative cancer family history (first- and seconddegree relatives included) after answering questionnaires
about their family's medical history, which was part of a population-based study of the 1.5 million residents of West
Pomerania aimed at identifying familial aggregations of
malignancies performed recently by our center. During the
interview, the goals of the study were explained, informed
consent was obtained, genetic counseling was given and a
blood sample was taken for DNA analysis. Individuals
affected with any malignancy or with cancers diagnosed
among first- or second-degree relatives were excluded from
our study control group.

Tadeusz Dbniak, Whole Exome Sequencing in Early-Onset Melanoma

Variants with significantly different allele distribution
among cases and the first cohort of controls, described above,
were additionally genotyped in a second cohort of 5,000
healthy adults (1,775 men; mean age, 58 years and 3,225
females; mean age, 60 years) who underwent genetic counselling and were diagnosed as having no genetically
increased risk of cancer on the basis of molecular examination and a negative cancer family history. During the interview, the goals of the study were explained, informed consent was obtained, genetic counseling was given and a blood
sample was taken for DNA analysis. Individuals affected
with any malignancy or with cancers diagnosed among firstor second-degree relatives were excluded from our study
control group.
Overall, patient participation rates exceeded 75%. All
patients and control subjects were of European ancestry and
ethnic Poles.

tocol. Sequencing products were analyzed on the ABI Prism
3500XL Genetic Analyzer (Life Technologies). All sequences
were compared reference sequences for variant detection
using Mutation Surveyor software (SoftGenetics).
4. TaqMan genotyping
DNA was isolated from 5 to 10 mL of peripheral blood.
The validated variants were genotyped using a TaqMan
assay (Applied Biosystems/Life Technologies) and the LightCycler Real-Time PCR 480 system (Roche Life Science, Indianapolis, IN). The primer and probe sequences are available
upon request. Laboratory technicians were blinded to casecontrol status. The overall genotyping call rate was 99.3%.
The presence of the mutation was confirmed by Sanger
sequencing as described above.
5. Data analysis

2. Whole exome sequencing
DNA has been isolated using standard methods from
peripheral blood leukocytes taken from participants in
Department of Genetics and Pathology in Szczecin.
The Illumina Nexter Rapid Capture Expanded Exome kit
(target region size=62 MB, coding exons, untranslated
regions (UTRs) and miRNAs included; Illumina, San Diego,
CA) was used for capturing sequence target regions. The kit
captured 62 Mbp of the human genome covering coding
exons in CCDS and RefSeq databases as well as exons annotated by GENCODE project. The captured regions for each
sample were barcoded and every two samples were pooled
and used for paired-end sequencing for 100 cycles (generating 100 bp reads) on a single lane of Illumina HiSeq2000’s
flow-cell. The 100 million reads for each exome sequence for
each individual were aligned to the reference sequence of the
human genome using Burrows-Wheeler transform algorithm
[4]. SAMtools [5] and GATK [6] packages as well as SCALPEL algorithm [7] were used for calling variants.
We considered only those genes with a minimum of two
patients as candidates for further studies.
We employed disease-network approach to select those
genes which are functionally more related to cancer pathogenesis (such as DNA repair and cell cycle control pathway
genes) using the ToppGene algorithm [8].
3. Sanger sequencing
Each variant identified by WES in the discovery phase and
selected for validation was confirmed by Sanger direct
sequencing. Sequencing reactions were performed using the
BigDye Terminator v3.1 Cycle Sequencing kit (Life Technologies, Foster City, CA). according to the manufacturer's pro-

All genotype comparisons between cases and controls
were performed using Fisher exact test, and two-tailed p-values were calculated. OR values were calculated for each comparison together with their 95% confidence intervals. To
exclude recessive trait of inheritance we performed additional genotyping of parents and siblings of patients with
identified mutations from the cohort of 96 early-onset MM
cases.
6. Ethical statement
The Polish study was approved by the ethics committee of
Pomeranian Medical University (Szczecin, Poland). All study
subjects provided a signed consent form for participation in
the study.

Results
Using GATK algorithm, we detected 2,272,282 indels in the
total data set for our cohort of early-onset melanoma patients, after prioritization we identified 1,012 new and 218 previously reported frameshift mutations (523 new variants in
sporadic early-onset cases and 489 in familial cases; 137 previously reported variants in sporadic cases and 81 in familial
cases). Using SCALPEL algorithm, we detected 2,297 variants (1,151 of them in sporadic early-onset cases, 1,146 in
familial cases). These comprised 3 UTR and 5 UTR variants
(452 and 56, respectively), 228 downstream variants, 88 in
frame deletions, 40 intergenic variants, 1,000 intron variants,
11 intron variants and NMD transcript variants, 55 intron
VOLUME 51 NUMBER 1 JANUARY 2019
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Table 1. Allele distribution among carriers and their relatives in trios-available families
Gene (mutation)

Position

Proband

VRK1 (delTG)

96860761

a)

MYCT1 (delAGAT)

152697964

DNAH4 (delAAGA)

225192859

CASC3 (delT)
MS4A12 (delA)
PRC1 (delCACA)

40141200
60497504
90966617

WWOX (insAAGTA)

79211976

WWOX (delGGGCT )

7921995

CARD6 (delTT)

40841469

EFCAB6 (delCT)

43537404

EXO5 (delG)
STK33 (insAACCA)
SAMD11 (insT)

40515573
8392543
939436

CPNE1 (delA)

35627312

CABLES1 (delCG)

23136057

LEKR1 (delT)

156979266

NUDT17 (delG)

145847527

RRP 15 (delC)
CASP8AP2 (delG)

218331057
89867987

het mut
het mut
het mut
het mut
het mut
het mut
hom mutd)
het mut
het mut
het mut
het mut
het mut
het mut
het mut
het mut
het mut
het mut
het mut
het mut
het mut
het mut
hom mut
hom mut
hom mut
hom mut
het mut
het mut
het mut
het mut
het mut
het mut
het mut
het mut
het mut
het mut
het mut
het mut
het mut
het mut
hom mut
het mut
hom mut

Father
b)

0
het mut
het mut
0
het mut
hom wt
hom mut
het mut
het mut
het mut
het mut
hom wt
hom wt
hom wt
het mut
het mut
hom wt
het mut
het mut
het mut
het mut
het mut
het mut
het mut
hom mut
hom mut
hom mut
0
0
0
het mut
hom mut
hom mut
hom wt
hom wt
het mut
hom wt
0
hom wt
het mut
hom wt
hom mut

Mother

Brother

2nd brother

Sister

het mut
hom wtc)
hom wt
het mut
hom wt
het mut
hom mut
hom wt
hom wt
hom wt
hom wt
hom mut
het mut
het mut
hom wt
hom wt
het mut
hom wt
0
hom wt
hom wt
hom mut
hom mut
hom mut
het mut
hom wt
hom wt
hom wt
het mut
0
hom mut
0
het mut
het mut
het mut
hom wt
hom mut
hom wt
hom mut
hom mut
hom mut
het mut

0
0
0
0
0
het mut
0
0
hom wt
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
het mut
0
0
0
het mut
0
0
0
0
0
het mut
0
0
0
0

0
0
0
0
0
het mut
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
het mut
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
hom wt
0
0
0
0
0
0
0
0
0
0
het mut
0
0
0
0
0
0
0
0
0
0
0
het mut

a)

Heterozygous mutation, b)Not examined, c)Homozygous wild type, d)Homozygous mutation. In all cases parents and siblings were not diagnosed with melanoma.

variants and non-coding transcript variants, 57 non-coding
transcript exon variants and noncoding transcript variants,
five regulatory regions variants, three splice acceptor variants, 60 splice region variants and intron variants, two tran-
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scription factor variants, one splice region variant and intron
variant and noncoding transcript variant, 161 upstream gene
variants and 74 frameshift mutations.
The frameshift mutations were selected for further inter-
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Table 2. Prevalence of the validated potentially protein-truncating variants among cases and controls
Gene/mutation
WWOX (insAAGTA)

WWOX (delGGGCT)

VRK1 (delTG)

NUDT17 (delG)

SAMD11 (insT)

DNAH14 (delAAGA)

CABLES1 (delCG)

POSa)
79211976

7921995

96860761

145847527

939436

225192859

23136057

CREB3L3 (insG)

4168367

EFCAB6 (delCT)

43537404

MYCT1 (delAGAT)

CARD6 (delTT)

CPNE1 (delA)

EXO5 (delG)

152697964

40841469

35627312

40515573

RRP15 (delC)

218331057

MS4A12 (delA)

60497504

PRC1 (delCACA)

CASC3 (delT)

90966617

40141200

Genotype
ALLELE Xb)
Heterozygote XY
ALLELE Yc)
ALLELE X
Heterozygote XY
ALLELE Y
ALLELE X
Heterozygote XY
ALLELE Y
ALLELE X
Heterozygote XY
ALLELE Y
ALLELE Y
Heterozygote XY
ALLELE X
ALLELE X
Heterozygote XY
ALLELE Y
ALLELE X
Heterozygote XY
ALLELE Y
ALLELE X
Heterozygote XY
ALLELE X
Heterozygote XY
ALLELE Y
ALLELE X
Heterozygote XY
ALLELE Y
ALLELE X
Heterozygote XY
ALLELE Y
ALLELE X
Heterozygote XY
ALLELE Y
ALLELE X
Heterozygote XY
ALLELE Y
ALLELE X
Heterozygote XY
ALLELE X
Heterozygote XY
ALLELE Y
ALLELE X
Heterozygote XY
ALLELE Y
ALLELE X
Heterozygote XY
ALLELE Y

No. (%)
MM
1,058 (91.0)
102 (8.8)
4 (0.3)
1,160 (97.8)
23 (1.9)
3 (0.3)
789 (89.2)
96 (10.8)
0(
1,008 (95.0)
47 (4.4)
2 (0.2)
101 (9.0)
1,003 (90.2)
8 (0.7)
919 (87.0)
134 (12.6)
7 (0.7)
805 (88.0)
107 (11.7)
5 (0.5)
1,210 (99.0)
12 (1.0)
1,110 (93.7)
74 (6.2)
1 (0.1)
1,135 (94.9)
59 (4.9)
2 (0.2)
1,144 (95.9)
48 (4.0)
1 (0.1)
943 (79.4)
229 (19.3)
15 (1.3)
1,142 (97.2)
32 (2.7)
1 (0.1)
1,126 (98.6)
16 (1.4)
1,159 (96.3)
45 (3.7)
0(
1,053 (95.2)
49 (4.4)
4 (0.4)
1,132 (93.0)
82 (6.7)
3 (0.3)

CONTROLS
1,399 (90.4)
143 (9.2)
5 (0.3)
1,603 (98.5)
23 (1.4)
2 (0.1)
761 (86.4)
114 (12.9)
6 (0.7)
1,720 (94.1)
104 (5.7)
3 (0.2)
194 (11.9)
1,415 (86.9)
19 (1.2)
1,561 (87.1)
221 (12.3)
10 (0.6)
1,447 (87.1)
204 (12.3)
11 (0.6)
1,501 (99.5)
7 (0.5)
907 (93.1)
63 (6.5)
4 (0.4)
3,874 (94.9)
200 (4.9)
6 (0.1)
1,631 (96.2)
65 (3.8)
0(
834 (79.5)
204 (19.4)
11 (1.1)
1,640 (96.4)
54 (3.2)
7 (0.4)
1,020 (98.1)
20 (1.9)
6,216 (97.3)
175 (2.7)
1 (0.03)
4,595 (94.8)
233 (4.8)
18 (0.4)
6,137 (93.1)
445 (6.7)
13 (0.2)

Odds
ratio

Significance
level p-value

0.943
1.058

0.667
0.933

1.382
2.073

0.277
0.425

0.945
0.086

0.698
0.095

0.771
1.138

0.149
0.888

0.594
0.809

0.219
0.629

1.030
1.189

0.801
0.726

0.943
0.817

0.643
0.709

2.127

0.114

0.960
0.204

0.817
0.156

1.007
1.138

0.964
0.874

1.053
4.276

0.791
0.374

0.993
1.206

0.946
0.639

0.851
0.205

0.476
0.139

0.811

0.536

1.379
1.787

0.059
0.722

0.918
0.970

0.593
0.956

0.999
1.251

0.994
0.727

(Continued to the next page)
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Table 2. Continued
POSa)

Genotype

LEKR1 (delT)

156979266

CNDP2 (delTT)

74520191

STK33 (insAACCA)

8392543

ALLELE X
Heterozygote XY
ALLELE X
Heterozygote XY
ALLELE X
Heterozygote XY
ALLELE Y
ALLELE X
Heterozygote XY
ALLELE Y

Gene/mutation

CASP8AP2 (delG)

89867987

No. (%)
MM
1,144 (95.6)
53 (4.4)
1,207 (99.0)
12 (1.0)
1,084 (95.0)
59 (5.2)
1 (0.1)
703 (76.4)
186 (20.2)
31 (3.4)

CONTROLS
1,018 (95.0)
53 (5.0)
1,774 (99.0)
18 (1.0)
4,658 (96.0)
191 (3.9)
2 (0.04)
843 (77.4)
200 (18.4)
46 (4.2)

Odds
ratio

Significance
level p-value

0.890

0.558

0.980

0.957

1.327
2.148

0.064
0.532

0.897
0.725

0.337
0.213

a)

Pos-genomic nucleotide position (Genome assembly GRCh38.p2), b)Allele X- major allele, c)Allele Y- minor allele.

rogation as they were most likely to reveal new genes of
interest with respect to melanoma development.
All the frameshift mutations were filtered by examining
the quality control values, minor allele frequencies and
intense gene databases/literature data analysis supported by
the ToppGene algorithm. We selected 21 potentially deleterious variants in 20 genes, which after confirmation by
Sanger sequencing were evaluated in the association study.
These included the genes VRK1 (a serine/threonine kinase
actively expressed in dividing cells), MYCT1 (proposed to
regulate certain MYC target genes), DNAH14 (involved in
microtubule motilities), CASC3 (functions in nonsense
mediated mRNA decay), MS4A12 (associated with inhibition
of cellular proliferation of colon cancer cells), PRC1 (a key
regulator of cytokinesis), WWOX (acts as a tumour supressor, expression is associated with apoptosis), CARD6 (encodes a caspase recruitment domain that may be involved in
apoptosis), EFCAB6 (encodes a protein which directly binds
the oncogene DJ-1 and androgen receptor), EXO5 (involved
in DNA repair following Uv-light irradiation), CASC3
(known as cancer susceptibility 3 and involved in nonsensemediated mRNA decay), STK33 (a serine threonine kinase
involved in MAP kinase signaling), SAMD11 (transcription
coactivator activity and PH domain binding required to
maintain the transcriptionally repressive state of many
genes), CPNE1 (involved in calcium mediated intra-cellular
processes), CABLES1 (a cyclin dependent kinase binding protein that is involved in p53/p73 induced cell death), LEKR1
(structural constituent of ribosome), NUDT17 (most likely
mediates the hydrolysis of some nucleoside disphosphate
derivatives), CASP8AP2 (plays a regulatory role in Fasmediated apoptosis), RRP 15 (a ribosomal protein subunit),
and CREB3L3 (member of the basic-leucine zipper family
and the AMP-dependent transcription factor family, linked
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to acute inflammatory response and hepatocellular carcinoma). Mutations in VRK1, MYCT1, DNAH14, MS4A12,
PRC1, CARD6, STK33, EFCAB6, EXO5, and SAMD11 genes
were found among early onset cases; CREB3L3, CNDP2,
CABLES1, RRP 15, and CASP8AP2 genes in familial cases;
CASC3, WWOX, CPNE1, LEKR1, and NUDT17 in both subgroups.
The variants in these genes were further investigated in
those families where trios were available to determine if they
were recessively or dominantly inherited. The results of this
aspect of the study revealed that there were some genetic
variants that were homozygous in the proband and in one
or other of the parents. Further evaluation revealed that these
variants were unlikely to be associated with disease since
either the unaffected parents were both homozygous for the
allele and the proband heterozygous or the proband was
homozygous for the variant and one of the parents were
homozygous and the other heterozygous for that specific
allele. Genotyping of the parents of homozygous carriers of
identified mutations revealed no case of homozygous proband and both parents being the carriers of the mutations.
Together, this suggested that those variants were unlikely to
be associated with any change in melanoma risk (Table 1).
Additional evidence about the pathogenicity of the identified variants was provided by a replication study where a set
of 1,200 melanoma patient DNA samples was compared to a
similarly large series of control DNA samples taken from
healthy subjects (Table 2).
The results revealed that most of the changes were neutral
but although we found no statistically significant differences
between cases and controls, 10 genes cannot be excluded as
being associated with melanoma risk—due to genetic heterogeneity and the reduced penetrance of this disease. A greater
level of confidence in the pathogenicity of the variant was
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observed if the homozygous state was associated with a
greater difference in risk compared to being in the heterozygote state. Unfortunately, many of the variants occurred
within the study populations at much lower frequency to be
reliably associated with disease risk. Potential candidates
included WWOX, VRK1, CREB3L3, EFCAB6, CARD6, EXO5,
MS4A12, CASC3, and STK3. From this list of genes, the most
promising were VRK1, CREB3L3, EXO5, and STK33 as there
was a tendency of decreasing risk of melanoma for heterozygote and homozygote carriers of VRK1 and EXO5 and an
increasing risk of disease for CREB3L3 and STK33.

Discussion
From 2008 to 2013, the approach of finding melanoma susceptibility genes centered on genome-wide association studies (GWAS). The results of several of these studies aimed at
identifying susceptibility loci for melanoma have been
reported [9-12]. The results of these studies have reported
new susceptibility loci for melanoma, but the effect sizes
reported from these GWAS have been modest with odds
ratios at best being ~1.5. None of the GWAS has thus far led
to the adoption of a clinical test for a newly discovered
genetic locus.
Low-penetrance variants cannot be categorically associated with familial clusters, for many reasons that include
molecular interactions between low/moderate penetrance
genes, which could potentially be responsible for early-onset
disease.
Recently, WES has been developed which overcomes
many of the problems of GWAS [6]. It is estimated that the
protein coding regions of the human genome (exons) constitute about 85% of disease-causing mutations [13]. Wholeexome and whole-genome studies have identified numerous
genes somatically altered in melanoma tumors and highlighted a higher mutation load in melanoma compared with
those in other cancers, such as, TP53, NF1, and ARID2
[14,15]. However, to date only a few new genes/cancer susceptibility alleles in melanoma-prone families have been
identified using whole exome or whole genome sequencing.
Germline mutations of all of the genes identified to date are
found in a very small proportion of families that can not
account for the growing frequency of the disease. The list
includes the TERT promoter mutation found among German
familial melanoma patients [16], a POLE1 missense mutation
detected in one family [17], ACD with mutations in six families and four families carrying TERF2IP variants, which
included nonsense mutations in both genes) and point mutations that co-segregated with melanoma [18]; finally a

RAD51B nonsense mutation was identified in one family
[19]. WES also identified a BAP1 splice mutation occurring
in a family with uveal MM [20]. Direct Sanger sequencing of
this gene revealed germline mutation among early-onset
uveal patients [21].
Given the homogeneity of the Polish population we
expected to find a limited number of recurrent founder
mutations. However, we found large numbers of germline
DNA alterations which appeared causative as they were predicted to result in truncated protein products, but none
appeared to be novel high-risk melanoma gene in either sporadic familial early-onset patients. We observed known
recurrent truncating mutations in genes predisposing to
other cancers, such as NOD2 (3020insC), CHEK2 (1100delC,
IVS2+1G>A, del5395), and NBS1 (657del5). Their distribution
among melanoma patients was not significantly different to
that observed amongst healthy controls (data available upon
request). Although evaluation of somatic mutations was not
the subject of the study, it would be very interesting to compare the results from melanoma skin and blood samples.
Increased frequency of somatic mutations could point at
melanoma-susceptibility candidate genes.
Taken together the results from this study with respect to
the Polish population suggests that there is extensive genetic
heterogeneity within melanoma families from Poland that
can not be explained by a few recurrent highly penetrant
causal variants. Large multi-center studies are needed for
further investigation of possible involvement of VRK1,
CREB3L3, EXO5, and STK33 genes in melanoma development. Additionally to reveal the genetic association with new
mutation with relation with early-onset melanoma long,
prospective follow-up study of the families with identified
DNA variants is needed.
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Longitudinal Assessment of Intravoxel Incoherent Motion Diffusion
Weighted Imaging in Evaluating the Radio-sensitivity of Nasopharyngeal
Carcinoma Treated with Intensity-Modulated Radiation Therapy

Purpose
Intravoxel incoherent motion diffusion-weighted imaging (IVIM-DWI) was evaluated regarding
its ability to preliminarily predict the short-term treatment response of nasopharyngeal carcinoma (NPC) following intensity-modulated radiation therapy.
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Materials and Methods
IVIM-DWI with 14 b-factors (0-1,000 sec/mm2) was performed with a 3T MR system on 47
consecutive NPCs before, during (end of the 5th, 10th, 15th, 20th, and 25th fractions), and
after fractional radiotherapy. IVIM parametrics (D, f, and D*) were calculated and compared
to the baseline and xth fraction. Patients were categorized into responders and non-responders after radiotherapy. IVIM parametrics were also compared between subgroups.
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Results
After fractional radiations, the D (except D5 and D at the end of the 5th fraction) after radiations were larger than the baseline D0 (p < 0.05), and the post-radiation D* (except D*5
and D*10) were smaller than D*0 (p < 0.05). f0 was smaller than f5 and f10 (p < 0.001) but
larger than fend (p < 0.05). Furthermore, greater D5, D10, D15, and f10 coupled with smaller f0,
D*20, and D*25 were observed in responders than non-responders (all p < 0.01). Responders
also presented larger D10, f10, D*20, and D*20 than non-responders (p < 0.05). Receiver
operating characteristic curve analysis indicated that the D5, D*20, and f10 could better differentiate responders from non-responders.
Conclusion
IVIM-DWI could efficiently assess tumor treatment response to fractional radiotherapy and
predict the radio-sensitivity for NPCs.

Introduction
Among types of head and neck squamous cell carcinoma
(HNSCC), nasopharyngeal carcinoma (NPC) is the most
common and is highly prevalent in Southeast Asia and
Southern China [1]. The majority of NPC was found to be
non-keratinizing in endemic regions [2] and was highly sensitive to irradiation and chemotherapeutic drugs. The pri│ https://www.e-crt.org │

Key words
Intravoxel incoherent motion, Diffusion-weighted imaging,
Nasopharyngeal carcinoma, Radiosensitivity,
Intensity-modulated radiotherapy

mary treatment regimen for NPCs is radiotherapy (RT) coupled with or without chemotherapy. However, there are limited effective non-invasive image modalities for the early
prediction of tumor response to chemoradiotherapy (CRT).
Intensity-modulated radiation therapy (IMRT) for NPC
has been reported to provide satisfactory outcomes compared to other RT techniques [3,4]. For advanced diseases,
CRT shows a better prognosis than RT alone, especially
sequential CRT and concurrent chemoradiotherapy (CCRT)
Copyright ⓒ 2019 by the Korean Cancer Association
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[5-7]. In particular, studies reported higher survival rates in
patients undergoing CCRT than sequential CRT [6,7].
Notably, radio-resistance, tumor recurrence, and the development of distant metastases remain the contributing reasons for treatment failure. In this regard, an optimal imaging
regimen is critical for early assessment of radiosensitivity of
tumor. A valid imaging modality was explored to assess the
treatment responses of NPCs.
Routine magnetic resonance imaging (MRI) currently provides a better soft tissue contrast and spatial resolution in
evaluating the extent of primary nasopharynx tumor and
positive cervical nodes and also plays a conventional role in
assessing tumor’s response to CRT. However, morphological
images only reveal macroscopic changes in tumor size that
may not be apparent, and the initial treatment and characterization of immediate therapeutic effects could be limited.
Recent studies primarily focused on the functional treatment
response of tumors by various MRI techniques. For instance,
diffusion-weight imaging (DWI) measures and characterizes
the thermal motion of water molecules. In particular, the
apparent diffusion coefficient (ADC) has been validated as a
potential imaging biomarker to identify tumor treatment
response [8]. However, ADC is calculated based on a monoexponential model that reflects the combined effects of diffusion and perfusion [9].
In contrast, intravoxel incoherent motion (IVIM), which
was initially described by Le Bihan et al. in 1986 [9], is a
bi-exponential model to separately quantify tissue diffusion
and perfusion [10]. In recent decades, IVIM-DWI has gained
attentions due to its effective diagnostic capability in tumors,
including those of the head and neck [11,12]. Moreover, IVIM
parametrics have been correlated with clinical staging [13]
as well as the treatment response of HNSCC [14,15]. Our previous study validated the potential value of IVIM-DWI in
predicting the early treatment response of neoadjuvant
chemotherapy (NAC) in local to regionally advanced NPCs
[16]. Nevertheless, the assessment of IVIM-DWI regarding
the radio-sensitivity of NPCs is yet to be explored. Since early
prediction of treatment response through IVIM-DWI might
arise significant impacts on patient-care planning and treatment regimens, the objective of this study is to evaluate the
clinical value of IVIM-DWI in predicting the treatment
response to IMRT in NPCs.
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Materials and Methods
1. Patients and treatment
1) Patient enrollment
A cohort of 64 consecutive NPC patients was enrolled
between May 2015 and August 2016. The inclusion criteria
were as follows: (1) histopathological diagnosis of NPC, (2)
no pregnancy, (3) no contraindications for magnetic resonance (MR) scanning, (4) no allergies to contrast agents of
gadolinium (Gd), (5) a treatment plan of IMRT with or without chemotherapy, and (6) complete acquisition of all followup IVIM-DWI.
Forty-seven subjects who met the above criteria were
included. The remaining 17 cases were excluded from this
study for the following reasons: three due to the severe distortion and artifacts of images, 10 failed to complete all follow-up IVIM-DWI, and four missed the MR examination
after CRT. Four NPC were classified as pathological type
World Health Organization (WHO) II, and the remaining 43
were WHO III. According to the staging criteria of NPC of
The American Joint Committee on Cancer [17], one, eight, 20,
and 18 cases were staged I, II, III, and IV, respectively. Table 1
summarized the clinical characteristics of the recruited
patients.
2) Treatment regimens
All recruited patients were treated with definitive IMRT
with or without chemotherapy. The detailed description of
IMRT has been published previously [18]. The primary NPC
tumor and its surrounding invasive regions were defined as
gross target volume-tumor (GTV-T), the GTV-T–planning
target volume (PTV) (95%V) exposure dose was 6,600-7,425
cGy/30-33 fractions (period, 6-7 weeks), and the fractional
irradiation dose was 225 cGy. The surrounding region of
5-10 mm beyond GTV-T was established as clinical target
volume (CTV) 1, and the CTV1-PTV (95%V) exposure dose
was 6,000-6,270 cGy/30-33 fractions (period, 6-7 weeks), and
the fractional dose was of 190-200 cGy. However, the region
of the suspected and positive cervical nodes were identified
as CTV2, and the CTV2-PTV (95%V) exposure dose was
5,400-5,610 cGy/30-33 fractions (period, 6-7 weeks); the fractional irradiation dose was of 170-180 cGy.
A total of 41 cases (87.23%) also received the platinumbased chemotherapy. The detailed regimens of chemotherapy were as follows (Table 1): 35 cases (74.46%) of NAC,
including 26 cases of cisplatin plus Taxol and nine cases of
cisplatin plus gemcitabine; six cases (12.77%) of CCRT by
applying cisplatin alone (from day 1 to 3 in 21-day cycles);
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Table 1. The clinical characteristics of recruited NPC
patients
Characteristic
Recruited patients
Male
Female
Age (yr)
Median
Range
< 60
 60
Pathological typea)
WHO III
WHO II
Clinical stageb)
Stage I (T1N0M0)
Stage II (T1-2N1M0/T2N0-1M0)
Stage III (T1-2N2M0/T3N0-2M0)
Stage IV
(T4N0-2M0/T1-4N3M0/T1-4N0-3M1)
Treatment regimen
IMRT alone
CCRT
NAC+IMRT

No. of cases (%)
47 (
33 (70.21)
14 (29.79)
48 (
21-74 (
28 (59.57)
19 (40.43)
43 (91.49)
4 (8.51)
1 (2.13)
8 (17.02)
20 (42.55)
18 (38.30)

6 (12.77)
6 (12.77)
35 (74.46)

NPC, nasopharyngeal carcinoma; WHO, World Health
Organization; IMRT, intensity-modulated radiation therapy; CCRT, concurrent chemoradiotherapy; NAC, neoadjuvant chemotherapy. a)The WHO pathological types of
NPC [5], b)The staging criteria of NPC is according to the
seventh edition of American Joint Committee on Cancer
[27,28].

the remaining six cases received RT alone. Patients with persistent or recurrent tumors after completing the initial treatments (IMRT alone or CRT) received salvage treatments
(including intracavitary brachytherapy, surgery, and/ or further adjuvant chemotherapy, etc.) when possible.
2. MRI protocols
1) Conventional MRI
Before initial treatments, head and neck MRI from the
lower temporal lobe to the supraclavicular region were performed on a 3.0T MR system (Achieva, Philips Healthcare,
Best, Netherlands). Conventional MRI protocols including
these following sequences: (1) axial T1-weighted imagingturbo spin-echo (T1WI-TSE): repetition time/echo time
(TR/TE), 550/8.1 msec; field of view (FOV), 23 cm23 cm;

reconstruction matrix, 960960; slice number, 36; thickness,
5 mm; gap, 1 mm; (2) axial T2-weighted imaging with short
TI inversion recovery (T2WI-STIR): TR/TE, 6,888/70 msec;
FOV, 23 cm23 cm; matrix, 960960; slice, 18; thickness,
5 mm; gap, 1 mm; (3) coronal T2WI-STIR: TR/TE, 2,327/63
msec; FOV, 23 cm23 cm; matrix, 672672; thickness, 5 mm;
gap, 1 mm; (4) sagittal T1WI-TSE: TR/TE, 600/8.1 msec;
FOV, 23 cm23 cm; matrix, 768768; thickness, 5 mm; gap, 1
mm; and (5) postcontrast-enhanced secquences of axial,
sagittal, and coronal T1WI-TSE with spectral presaturation
inversion recovery: TR/TE, 1,215/8.1 msec; flip angle, 90°;
FOV, 23 cm23 cm; matri, 960960; thickness, 5 mm; gap,
1 mm. The total scan time was approximately 12 minutes.
The detailed parameters of conventional MR sequences were
published previously [16].
2) IVIM-DWI
IVIM-DWI was performed following conventional MRI
before radiation and repeatedly at the end of the fifth, 10th,
15th, 20th and 25th fraction of radiations, as well as at the
end of IMRT, accompanied by an axial T2-weighted imaging
sequence. A single-shot spin-echo echo-planar imaging
with 14 b-values (0, 10, 20, 30, 40, 50, 100, 150, 200, 350, 500,
600, 800, and 1,000 sec/mm2) DWI sequence were acquired
with other parameters as follows: TR/TE, 4,495/69 msec;
inversion recovery delay, 240 msec; FOV, 23 cm23 cm; number of signals averaged, 4; matrix, 256256; thickness, 5 mm;
gap, 1 mm; number of slices, 24; three orthogonal diffusion
gradients (x, y, z) were turned on simultaneously; scan time,
8 min. The same post-processing of IVIM- DWI has previously been performed [16]. Two experienced radiologists
with more than 10-year experience in head and neck MRI
conducted the measurement of IVIM parametrics (D, f, and
D*) independently, twice, with a double-blind control, in
order to minimize the interobserver variability. IVIM parametrics were calculated by using the software termed interactive data language (IDL) (ver. 6.3, ITT Visual Information
Solutions, Boulder, Chicago, IL). The regions of interest
(ROIs) were firstly contoured manually along the widest
cross-section of target lesions on T2WI-STIR image slice, and
then subsequently copied and coregistered automatically to
IVIM parametric images for analysis with the IDL 6.3 software. The ROI covered at least 2/3 of the area of the target
lesions, avoiding the areas of necrosis and adjacent structures
(i.e., bone, air, muscles, etc.). IVIM parametrics (D, D*, and
f) were extracted using the ROIs defined above.
The formula of the relation between D, D*, and f directly
was as follows (Eq. 1):
Sb/S0=(1–f)exp(–bD)+fexp(–b(D+D*))

(1)
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In which D represents the pure diffusion of water molecules in extracellular space, D* represents the perfusionrelated diffusion of water molecules in capillary network
microcirculation, and f represents the fraction of perfusionrelated diffusion.
The baseline D before radiation was noted as D0, the D
from the subsequent Xth fraction was noted as DX and the
end of radiation was Dend. The corresponding changes in D
(DX) were calculated using the following equation (Eq. 2):
DX (or Dend)=DX (or Dend)–D0

(2)

The relative rates of changes in DX were defined as DX
with the following equation (Eq. 3):
DX (or Dend)=DX (or Dend)/D0100%

(3)

[PD]).
4. Statistical analyses
The reproducibility of measuring IVIM parametrics was
tested by an intra-class correlation coefficient (ICC). One-way
ANOVA was applied to analyze the general changes in IVIM
parametrics after RT. Student’s t-test or the Mann-Whitney
U test were conducted to compare parametrics between
groups. The receiver operating characteristic (ROC) curve
analysis was employed to estimate the diagnostic capability,
which was determined by the area under the curve (AUC).
All statistical analyses were performed with SPSS ver. 18.0
(SPSS Inc., Chicago, IL).
5. Ethical statement

The parametrics of D* and f followed the same nomenclature as that employed for D.
3. Evaluation of treatment response
At the end of IMRT and 3 months after all prescriptions of
CRT, patients received a routine MRI examination to evaluate the short-term treatment outcomes. Based on the followup MRI data and clinical evaluations, patients were classified
into responders and non-responders according to the WHO
response evaluation criteria in solid tumors [19]. Patients
were categorized as responders when all assessable tumors
completely disappeared for no less than 4 weeks (complete
response [CR]) or when tumor volume (i.e., the longest
diameter multiplied by its vertical lengths) decreased by
more than 50% for no less than 4 weeks (partial response
[PR]). Patients were identified as non-responders if their
original tumors showed a < 50% reduction or < 25% increase
in tumor volume without any appearance of new lesions (stable disease [SD]) or showed a > 25% increase in tumor volume and/or appearance of new lesions (progressed diseases

The Institutional Review Board of Fujian Cancer Hospital
approved the protocols of this present study (No. 2015-02102), and written informed consent was obtained from each
participant.

Results
1. The reproducibility of the measurement on IVIM parametrics
The mean value of IVIM parametrics measured by two
independent radiologists were treated as the final results of
this present study. And the mean value of IVIM parametrics
acquired from all recruited patients at the set time points
throughout IMRT are shown in Table 2. The overall distribution of D, D*, and f values were consistent with a normal distribution (p > 0.1). The inter- and intra-observer ICCs of
measurements were for D (0.977 vs. 0.987), f (0.947 vs. 0.964),

Table 2. IVIM parametrics during radiation therapy
Time-point
Pre-RT
5th RT
10th RT
15th RT
20th RT
25th RT
End of RT

D (10–3 mm2/sec)
0.928±0.217
1.038±0.195
1.101±0.232
1.156±0.251
1.200±0.219
1.229±0.219
1.415±0.346

p-value

f (%)

0.302
0.012
< 0.001
< 0.001
< 0.001
< 0.001

0.235±0.013
0.252±0.039
0.256±0.045
0.247±0.053
0.238±0.059
0.231±0.049
0.223±0.042

IVIM, intravoxel incoherent motion; RT, radiotherapy.
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p-value D* (10–3 mm2/sec)
0.041
0.028
0.606
0.909
0.365
0.048

132.164±0.275
123.216±16.670
121.329±13.777
119.627±17.498
108.998±16.021
103.154±16.224
96.844±16.258

p-value
0.211
0.064
0.017
< 0.001
< 0.001
< 0.001
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B

1.70

0.27

1.55

0.26

1.40

0.25

1.25

f value (%)
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Fig. 1. Comparison of intravoxel incoherent motion parametrics. D (A), f (B), and D* (C) between responders versus nonresponders during intensity-modulated radiation therapy. RT, radiotherapy.

and D* (0.883 vs. 0.926); and their corresponding coefficient
variations were for D (8.54% vs. 5.83%), f (16.22% vs. 10.60%),
and D* (28.69% vs. 19.51%), respectively.

compared to D*0 (p < 0.05), except for D*5 (p=0.211) and D*10
(p=0.064). Moreover, f5 and f10 were significantly higher compared to f0 (p < 0.05), whereas fend was found to be lower than
f0 (p < 0.05).

2. IMRT treatment positively influenced IVIM parametrics
The general changes in D, f, and D* after IMRT were statistically significant (p < 0.001 for all) (Fig. 1). D were significantly higher after radiations (except D5; p=0.302) than the
baseline D0 (p < 0.05), whereas the D* increased significantly

3. IVIM parametrics between responders and non-responders
Based on post-treatment assessment, there were 37 responders (78.72%) and 10 non-responders (21.28%). In particular,
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2

0.908±0.217
0.933±0.105
0.948±0.144
1.006±0.123
1.116±0.239
1.183±0.256
1.297±0.147
137.325±20.344
128.329±17.210
124.609±16.318
122.567±17.671
122.633±12.138
113.475±10.623
103.818±20.662
0.250±0.039
0.247±0.034
0.242±0.038
0.242±0.037
0.235±0.041
0.225±0.055
0.217±0.038

130.587±17.981
121.653±16.427
120.327±12.999
118.728±17.596
104.832±14.797
100.001±16.431
94.713±27.645

0.231±0.041
0.253±0.041
0.259±0.047
0.248±0.057
0.239±0.063
0.233±0.048
0.225±0.043

Non-responder

0.933±0.219
1.067±0.205
1.142±0.235
1.197±0.262
1.217±0.212
1.241±0.210
1.447±0.378

Responder

IVIM, intravoxel incoherent motion.

D (10 mm /sec)
D0
D5
D10
D15
D20
D25
Dend
D* (10–3mm2/sec)
D*0
D*5
D*10
D*15
D*20
D*25
D*end
f (%)
f0
f5
f10
f15
f20
f25
fend

–3

IVIM parametric

0.019
0.927
0.008
0.39
0.726
0.651
0.34

0.161
0.161
0.466
0.33
< 0.001
0.006
0.285

0.748
0.008
0.003
0.002
0.247
0.524
0.06

p-value

0.022±0.045
0.028±0.055
0.017±0.066
0.008±0.078
0.002±0.047
–0.006±0.059

–8.934±14.124
–10.26±18.682
–28.082±30.894
–25.755±22.636
–30.586±22.39
–35.874±28.512

0.134±0.187
0.209±0.219
0.263±0.298
0.283±0.266
0.308±0.273
0.513±0.428

Responder

–0.003±0.050
–0.008±0.045
–0.008±0.046
–0.017±0.040
–0.025±0.064
–0.033±0.049

–7.845±17.244
–10.647±21.878
–14.487±23.827
–13.271±16.123
–23.084±19.562
–30.375±17.066

0.025±0.261
0.040±0.216
0.098±0.298
0.208±0.262
0.275±0.280
0.389±0.267

Non-responder

Change ()

0.137
0.035
0.274
0.105
0.143
0.284

0.791
0.973
0.248
0.048
0.333
0.511

0.141
0.036
0.127
0.428
0.743
0.387

p-value

11.76
14.98
10.06
6.96
2.46
0.45

–6.26
–6.50
–20.14
–18.29
–22.30
–26.83

17.93
26.76
34.97
37.58
40.33
64.60

1.23
–1.80
–1.67
–7.31
–8.47
–11.66

–4.80
–6.36
–9.26
–8.60
–15.55
–21.75

8.23
8.42
17.70
26.64
34.84
49.79

0.192
0.079
0.276
0.166
0.195
0.197

0.664
0.907
0.205
0.041
0.203
0.424

0.305
0.066
0.25
0.436
0.701
0.512

Responder (%) Non-responder (%) p-value

Rate ()

Table 3. IVIM-parametrics coupled with their changes and rates during fractional radiation compared between responders and non-responders
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Fig. 2. Intravoxel incoherent motion diffusion-weighted imaging analysis identifies a 37-year-old man with undifferentiated
non-keratinizing nasopharyngeal carcinoma as a responder to radiotherapy. The regions of interests (yellow lines) were
manually contoured along the bordering of primary nasophayngeal carcinoma on the maps of T2-weighted imaging with
short TI inversion recovery (T2WI-STIR) (A), D (B), f (C), and D* (D) before initial radiotherapy, respectively. The baseline
D0, f0, and D*0 are calculated as 0.70310–3 mm2/sec, 0.238, and 144.62310–3 mm2/sec, respectively. Maps represent the postradiation T2WI-STIR (E), D (F), f (G), and D* (H) following the completion of the 15th fraction radiation, and the corresponding D15, f15, and D*15 are measured as 1.21610–3 mm2/sec, 0.235, and 97.13810–3 mm2/sec, respectively.

27 cases of CR, 10 cases of PR, nine cases of SD, and one PD
were found. The IVIM parametrics of responders and nonresponders coupled with their corresponding changes and
rates at each time point of IMRT were summarized and compared in Table 3.
Responders presented significantly larger D5, D10, and D15
than non-responders (p=0.008, p=0.003, and p=0.002, respectively). Additionally, the parametrics of f0, D*20, and D*25
were significantly larger in responders compared to nonresponders (p=0.019, p < 0.001, and p=0.006, respectively),
whereas the f10 of responders was significantly smaller than
that for non-responders (p=0.008). Furthermore, significantly
larger D10 (p=0.036), f10 (p=0.035), D*20 (p=0.048), and
D*20 (p=0.041) were also observed in responders relative to
non-responders (Figs. 2 and 3).
4. The diagnostic capability of IVIM parametrics in differentiating treatment responses

non-responders with their AUC, sensitivity, and specificity
values of 0.773, 72.2%, 90.9%; 0.851, 81.8%, 86.1%, and 0.864,
81.8%, 83.3%, respectively (Fig. 4).
1) IVIM parametrics between different treatment regimen groups
All patients were divided into an IMRT alone group,
CCRT, and sequential CRT group (NAC+IMRT). The D values of the primary NPC tumor in patients with different CRT
regimens were increased after RT, and D increased more
gradually in the NAC+RT group. However, the D* and f values decreased, in which the RT group decreased more significantly. D*25 were significantly different when comparing
IMRT alone and CCRT groups (p=0.007). However, the difference in D0, D20, D*0, D*25, and f20 between IMRT alone and
NAC+IMRT groups was significant (p=0.004, p=0.015,
p=0.031, p=0.006, and p=0.034, respectively).

The ROC curve analysis showed that D5, D10, D15, f0, f10,
D*20, and D*25 coupled with D10, f10, D*20, and D*20 could
effectively differentiate the treatment responses of IMRT (all
p < 0.05) (Table 4, Fig. 4) because these parametric values
were larger in responders than non-responders (all p < 0.05).
In particular, D5, D*20, and f10 differentiated responders from
VOLUME 51 NUMBER 1 JANUARY 2019
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Fig. 3. A 67-year-old male patient with nasopharyngeal carcinoma was identified by intravoxel incoherent motion diffusion-weighted imaging analysis as a non-responder after radiotherapy. Maps depict the baseline T2-weighted imaging with
short TI inversion recovery (T2WI-STIR) (A), D (B), f (C), and D* (D) before radiotherapy as well as the T2WI-STIR (E), D (F),
f (G), and D* (H) following completion of the 20th fraction radiation. By manually drawing the regions of interest (yellow
lines) along the edge of primary nasophayngeal carcinoma, the baseline D0, f0, and D*0 are calculated as 0.91810–3 mm2/sec,
0.257, and 150.13710–3 mm2/sec, whereas the corresponding D20, f20, and D*20 measured are 1.03510–3 mm2/sec, 0.239, and
133.02110–3 mm2/sec, respectively.

Table 4. The ROC curve analysis of IVIM parametrics
Parametric
D5
D10
D15
D*20
D*25
f0
f10
D10
f10
D*20
D*20

AUC
0.773
0.732
0.765
0.851
0.756
0.731
0.864
0.726
0.689
0.703
0.732

p-value
0.007
0.021
0.008
< 0.001
0.011
0.022
< 0.001
0.030
0.039
0.034
0.021

Threshold
–3

2

1.01310 mm /sec
1.13210–3 mm2/sec
1.17910–3 mm2/sec
114.70010–3 mm2/sec
106.83510–3 mm2/sec
0.241
0.255
0.00610–3 mm2/sec
0.053
–23.85010–3 mm2/sec
17.03%

Sensitivity (%)

Specificity (%)

0.722
0.472
0.528
0.818
0.818
1.000
0.818
0.892
0.378
0.900
0.900

0.909
1.000
0.909
0.833
0.694
0.417
0.861
0.500
1.000
0.541
0.622

ROC, receiver operating characteristic; IVIM, intravoxel incoherent motion; AUC, area under the curve.

Discussion
The current study investigated the assessment of treatment
responses in NPC by IVIM-DWI. IVIM parametrics including
D, f, and D* altered significantly for responders during the
course of IMRT. In particular, D and f were more sensitive
to assess response in the early course of the treatment, whereas
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D* revealed changes in later stages.
The bi-exponential model of IVIM demonstrated the heterogeneity of water diffusion and differentiated the contributions from perfusion from diffusion [9,10,20]. Compared
to conventional ADC measurement by DWI, IVIM parametrics can simultaneously and separately quantify tissue perfusion and diffusion, and better characterize the pathological
features of tumor tissues as well as their response to chemo-
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Fig. 4. The receiver operating characteristic curves of intravoxel incoherent motion parametrics. D (A), f (B), and D* (C) in
predicting tumor responsiveness to radiotherapy.

radiotherapy. Upon radiation therapy, large numbers of
tumor cells underwent apoptosis, resulting in a higher
degree of fluid migration into the extracellular space (i.e.,
pure diffusion). Meanwhile, the obstruction of microcirculation became severe, leading to less blood flow in capillary
networks (i.e., pseudo-diffusion). Both the cellularity and
immature microvessels in tumor tissues decreased dramatically. The overall effect of these pathological events led to a
significant increase in D as well as decrease in D*, which
were found in our data. Lai et al. [12] reported a similar diffusion perfusion change in residual NPC tumors after RT

compared with post-radiation fibrosis. Furthermore, both D
and D* were found to be significantly altered in responders
relative to non-responders, indicating their potential in predicting the short-term treatment response of NPC [21-25].
Recent studies have employed diffusion MRI to monitor
the treatment response of tumors in CRT [21-23]. Our previous study also demonstrated that NPC with a lower baseline
D0, which had a higher cellularity, responded better to NAC
[16]. Because D composes diffusion in the extracellular and
intracellular space, an alteration in D reflected the microstructure changes for the assessment of the treatment responVOLUME 51 NUMBER 1 JANUARY 2019
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se in IMRT. This was consistent with Mardor et al.’s study
[24] showing that both ADC and RD (a diffusion index indicates the normalized summation of signal decay) before
treatment were closely correlated with tumor radio-sensitivity. Although there were no significant changes in D after the
fifth fraction, the D5 of responders was significantly larger
than that of non-responders. ROC analysis suggested that D5
could differentiate treatment responses with AUC, sensitivity, and specificity of 0.773, 72.2%, and 90.9%, respectively.
Lu et al. [25] also reported that HNSCC patients with a lower
standard deviation of pre-treatment D responded better to
treatment. Similar, studies also demonstrated the prognostic
value of D [16,21-25]. However, perfusion measured by MRI
has been used to assess the therapeutic effects and long-term
prognosis for patients with malignancies. The perfusion level
of tissues was suggested to potentially predict the tumor sensitivity of CRT [26,27]. Lai et al. [12,13] reported that f could
effectively distinguish residual tumors of NPC from radiation-related fibrous tissues, as well as tumor stages. HNSCC
patients with a smaller perfusion fraction were always
accompanied with a low survival rate [22]. Interestingly, our
present results showed that responders expressed a smaller
baseline f0, a larger f10 and f10 relative to non-responders.
These may infer the irradiation damages on the integrity of
microvascular walls in the early course of IMRT.
D and f were more sensitive in the early course of treatment, whereas D* changes more in later course in responders
relative to non-responders. The ROC curve analysis further
illustrated that D5, D*20, and f10 better differentiate responders
from non-responders. These findings may indicate that the
destruction of cell structures by irradiations in radio-sensitive tumors was more predominant early in the treatment,
whereas damage to microcirculation was more evident at the
later course of radiation. Larocque et al. [28] and Koh [29]
both demonstrated that early changes in diffusion parametrics could be used to evaluate the sensitivity of RT and/or
chemotherapy. They observed that the average tumor ADC
value increased significantly 7 days after irradiation [28] and
that the correlation between the decrease in perfusion parametrics (D* and f) and tumor shrinkage 7 days after treatment significantly increased [29]. Hong et al. [8] also suggested ADC to predict the short-term treatment response to RT
in NPC. All of the above supported that the IVIM parametrics reflect tumor intrinsic radiosensitivity and biological
response.
Additionally, IVIM parametrics could indicate a response
of various treatment regimens (i.e., IMRT with or without
neoadjuvant or concurrent chemotherapy). D0 of the NAC+
IMRT group was significantly larger than IMRT alone and
CCRT, whereas D*0 of the NAC+IMRT group was significantly smaller than those of the latter. The D20, f20, and D*25
parametrics between IMRT alone and NAC+IMRT groups
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were significantly different, whereas D*25 was significantly
different between IMRT alone and the CCRT groups. These
indicated a significant increase in D and decrease in D*
caused by NAC. This could be attributed to a decrease the
cellularity and increase extracellular space upon NAC.
Additionally, a decrease in tumor perfusion may suggest
microcirculation blockage, which in turn influences the oxygen metabolism of tumor cells and the radio-sensitivity of
NPC. No significant difference was found in IVIM parametrics
between NAC+IMRT and CCRT throughout the course of
treatment. This may suggest similar cytotoxic effects on tumor
cells between neoadjuvant and concurrent chemotherapy.
To further solidify the evidence presented in this study,
additional examinations will be assessed. First, histopathological examinations during radiations were not obtained for
ethical reasons. Complementary studies on NPC xenografts
are needed to analyze the pathological changes during fractional radiations. Second, the current study only evaluated
local control and short-term treatment outcomes of primary
NPC tumors, while initial staging (such as WHO grades and
nodal or distant metastasis) was not considered between
responders and non-responders. Nevertheless, the latest follow-up data indicated that three cases of local and regional
relapse and two cases of distant metastases were all found
in non-responders rather than responders. In this regard, a
prospective study with a prolonged follow-up period to
investigate the long-term survival of patients and cancer
staging would be possible. Lastly, the sample size of this
prospective study was relatively small, which should be
expanded.
Compared to non-responders, responders presented significantly larger changes in D and f at the early course of
treatment and D* later in the treatment. IVIM-DWI could
effectively assess the short-term treatment response to RT
and could be recommended to predict the radiosensitivity of
NPCs.
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Risk Factor Analysis for Secondary Malignancy in
Dexrazoxane-Treated Pediatric Cancer Patients

Purpose
Dexrazoxane has been used as an effective cardioprotector against anthracycline cardiotoxicity. This study intended to analyze cardioprotective efficacy and secondary malignancy
development, and elucidate risk factors for secondary malignancies in dexrazoxane-treated
pediatric patients.
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Materials and Methods
Data was collected from 15 hospitals in Korea. Patients who received any anthracyclines,
and completed treatment without stem cell transplantation were included. For efficacy evaluation, the incidence of cardiac events and cardiac event-free survival rates were compared.
Data about risk factors of secondary malignancies were collected.
Results
Data of total 1,453 cases were analyzed; dexrazoxane with every anthracyclines group (D
group, 1,035 patients) and no dexrazoxane group (non-D group, 418 patients). Incidence
of the reported cardiac events was not statistically different between two groups; however,
the cardiac event-free survival rate of patients with more than 400 mg/m2 of anthracyclines
was significantly higher in D group (91.2% vs. 80.1%, p=0.04). The 6-year cumulative incidence of secondary malignancy was not different between both groups after considering
follow-up duration difference (non-D, 0.52%±0.37%; D, 0.60%±0.28%; p=0.55). The most
influential risk factor for secondary malignancy was the duration of anthracycline administration according to multivariate analysis.
Conclusion
Dexrazoxane had an efficacy in lowering cardiac event-free survival rates in patients with
higher cumulative anthracyclines. As a result of multivariate analysis for assessing risk factors of secondary malignancy, the occurrence of secondary malignancy was not related to
dexrazoxane administration.
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Introduction

Materials and Methods

Anthracycline plays an important role in chemotherapy of
various cancer types, including breast cancer, leukemia, and
sarcoma so that about 50% of pediatric cancer patients are
receiving anthracycline based chemotherapy [1]. However,
cardiotoxicity is well known side effect of anthracycline, and
leaves permanent cardiac damage in certain patients. The
likelihood of anthracycline-related cardiotoxicity is reported
to be up to 57%, and mortality rate due to these heart problems is reported as 8.2 times higher than that of the normal
people [2]. In particular, the risk of late onset cardiotoxicity
is reported to be higher in patients younger at the time of
anthracycline administration, and received higher total
cumulative anthracycline dose.
Because it is important to prevent late anthracycline
induced cardiac event due to irreversibility, various attempts
to prevent cardiac toxicity of anthracyclines were tried, such
as changing administration methods or co-infusion of candidate cardio-protective agents. However, those methods were
not effective in preventing cardiac toxicity only except dexrazoxane (Cardioxane) [1].
Dexrazoxane has been widely used to prevent cardiac toxicity after anthracycline administration including pediatric
cancer patients, and showed clinically significant cardio-protective effects [3,4]. However, in a previous prospective study
of Hodgkin’s disease, there was a claim that dexrazoxane
might have increased the incidence of myelodysplastic syndrome (MDS) and secondary cancers [5].
However, on the contrary to the report with Hodgkin’s
disease, following studies with various diseases and large
numbers of patients showed that there was no difference in
the occurrence of secondary malignancies (SMN) between
patients administered dexrazoxane and the others [6-8]. In
addition, there was no previous report about risk factor
analysis including multivariate factors influencing the development of SMN. It is needed to verify whether SMN occurs
in patients who received dexrazoxane, and whether other
risk factors are associated with SMN. This study intended to
analyze cardioprotective efficacy and SMN development
related to dexrazoxane, and find out risk factors for SMN in
Korean patients who received dexrazoxane.

1. Study population
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This nationwide study was conducted in 15 institutions in
Korea. The subjects for this study were selected from all
pediatric cancer patients whose treatment was ended at the
time of study initiation (November 2012). Among those,
patients who had received anthracycline during their chemotherapy and did not receive hematopoietic stem cell transplantation were finally selected for the analysis. The patients
were divided into two groups: (1) patients who used dexrazoxane with anthracyclines, and (2) patients who did not use
the dexrazoxane. For the comparison with control group,
patients who had received dexrazoxane with every dose of
anthracyclines during their treatment regardless of the preceding risk factors for cardiotoxicity were included, and
those who were administered dexrazoxane intermittently or
only during selected schedules were excluded.
2. Data collection
Various clinical and laboratory data were collected, which
included patients’ demographics, diagnosis, chemotherapy
history, dexrazoxane related data (total dose, date of first and
last administration), any cardiac event, survival status and
other late effects at the last follow up. Data reported to be
risk factors of SMN were also collected including any congenital condition or hereditary syndrome, granulocyte
colony-stimulating factor (G-CSF) administration and the
details of radiation therapy. Irradiation on the thoraxinvolved fields (thorax, lung, craniospinal, mediastinum,
etc.) might influence late cardiac function, thus radiation in
those locations was considered as an independent factor for
the analysis of late cardiac function. Cumulative doses of various chemotherapeutic agents including anthracyclines
(daunorubicin, doxorubicin, idarubicin, epirubicin, and
mitoxantrone), etoposide and cyclophosphamide were calculated. All anthracycline doses were converted to doxorubicin equivalent doses with the formula using doxorubicin
equivalent dose conversion [9].
All the information was obtained using the electronic case
report form developed by the Medical Research Collaborating Center (MRCC) in Seoul National University of Medicine, and was inputted by a designated researcher at each
hospital. Data-management experts at MRCC performed
quality-control checks to ensure accuracy of the recorded
data, and audits were conducted thoroughly.
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3. Statistical analysis
Baseline and demographic characteristics were summarized by standard descriptive statistics. Cumulative doses of
chemotherapeutic agents and data related to dexrazoxane
were summarized by descriptive statistics. For continuous
data, basic statistical values were obtained, and T-test for
parametric data and Wilcoxon rank sum test for nonparametric data were conducted. In case of categorical data, the
frequencies and percentages were obtained, and Pearson's
chi-square test or Fisher exact test were conducted for comparison between groups.
Events were defined as any relapse, death, or SMN. Cardiac events were defined as any cardiac abnormalities
detected during and after the administration of anthracyclines including sudden cardiac death, and early cardiac toxicity. We defined early cardiotoxicity as which developed
during treatment or first year after treatment completion,
whereas late cardiotoxicity as which developed at least one
year after therapy in cancer survivors [10,11]. Probabilities
of event-free survival (EFS) and overall survival (OS) were
estimated by Kaplan-Meier method, and survival differences
were analyzed with log-rank test. Cox proportional hazard
regression model was made after being adjusted for baseline
and other factors which might influence on the outcome variables. Cardiac EFS was separately calculated for four groups
which were divided according to each quartile values of the
cumulative doses of anthracyclines and dexrazoxane.
The incidence of SMN and death in the two groups and
unadjusted odds ratios were estimated with 95% confidence
intervals. Considering the competing risks for death or
relapse, cumulative incidence curves were calculated, and
Fine and Gray models were used for the analysis of the difference between two groups. In addition, competing risk
analysis with Fine and Gray model was conducted for the
evaluation of risk factors for SMN. The correction factors for
competing risk analysis were age, sex, diagnosis, G-CSF
administration, hereditary or genetic syndrome, cumulative
doses of chemotherapeutics, irradiation history, duration of
anthracycline administration, duration between first anthracycline and last echocardiography, and total duration of
chemotherapy.
All the statistical analysis was performed by biostatistics
specialists at the MRCC in Seoul National University of Medicine, and SAS ver. 9.4 (SAS Institute Inc., Cary, NC) was
used as a statistics program.
4. Ethical statement
This study has been approved by the Institutional Review
Board of Seoul National University Hospital (H-1212-107453), and each participating hospital with a waiver of

informed consent.

Results
1. Characteristics of the patients
Data of total 1,788 patients from 15 institutions were collected, and data of total 1,453 patients were analyzed for the
study (S1 Fig., S2 Table). The date of initial diagnosis of all
patients were ranged from August 1996 to September 2012.
Dexrazoxane group (D group) included 1,035 patients, and
non-dexrazoxane group (non-D group) included 418 patients. Median age at diagnosis was 5 years in non-D group,
and 6 years in D group (Table 1). Age and sex proportions
were not statistically different between two groups, but follow-up duration was longer in non-D group, as median 124.3
months comparing with 59.4 months in D group (p < 0.01).
Diagnosis of patients was various as shown in Table 1. In
D group, there were acute lymphoblastic leukemia (26.5%),
non-Hodgkin's lymphoma (16.0%), and osteosarcoma (12.2%)
in the order of proportion, and acute lymphoblastic leukemia
(42.6%), non-Hodgkin's lymphoma (18.7%) and neuroblastoma (6.5%) in non-D group. The distribution of diagnosis
was statistically different between two groups (p < 0.01).
We collected data of hereditary syndrome or genetic disease in all subjects (Table 1). There were 12 patients who
were diagnosed with hereditary syndrome or genetic diseases; two (0.5%) patients in non-D group and 10 (1.0%)
patients in D group, respectively.
2. Chemotherapy and dexrazoxane
Cumulative doses of chemotherapeutic agents are shown
in Table 2. The median cumulative doses of etoposide were
1,830 mg/m2 in non-D group and 1.82 g/m2 in D group
(p=0.52). Cumulative doses of cyclophosphamide were significantly higher in the D group, as median cumulative doses
were 4,030 mg/m2 in D group and 2,570 mg/m2 in non-D
group (p < 0.01). The data about anthracyclines doses was
collected in 1,443 patients, and the dose of total cumulative
anthracyclines was significantly higher in D group, as 210
mg/m2 in D group and 150 mg/m2 in non-D group, respectively (p < 0.01). Among anthracyclines, cumulative doses of
doxorubicin and idarubicin were significantly higher in the
D group.
The median duration of entire chemotherapy was 652 days
in non-D group and 366 days in D group, and total duration
of chemotherapy was significantly longer in non-D group
(p < 0.01) (Table 2), and the median total duration of anthraVOLUME 51 NUMBER 1 JANUARY 2019
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Table 1. Clinical characteristics of all patients
Characteristic
Age at diagnosis (yr)
Sex
Female
Male
Follow-up duration (mo)
Diagnosis
Acute lymphoblastic leukemia
Acute myeloid leukemia
Acute biphenotypic leukemia
Ewing/Primitive neuroectodermal tumor
Extracranial germ cell tumor
Hepatic tumor
Hodgkin lymphoma
Leukemia other
Neuroblastoma
Non-Hodgkin's lymphoma
Non-rhabdomyosarcoma soft-tissue sarcomas
Osteosarcoma
Other solid tumor
Renal tumor
Retinoblastoma
Rhabdomyosarcoma
Hereditary syndrome or genetic disease
No
Yes
13q deletion syndrome
Beckwith-Wiedemann syndrome
Marfans syndrome
Neurofibromatosis
Noonan syndrome
Rothmund Thompson syndrome
Tuberous sclerosis
WAGR 11P13 deletion syndrome
Williams syndrome

Non-dexrazoxane
(n=418)

Dexrazoxane
(n=1,035)

p-value

5 (0-26)

6 (0-21)

0.10

174 (41.6)
244 (58.4)
124.3 (0-209.2)

411 (39.7)
624 (60.3)
59.4 (0-182.1)

0.50
< 0.01

178 (42.6)
23 (5.5)
9 (2.2)
7 (1.7)
5 (1.2)
18 (4.3)
12 (2.9)
2 (0.5)
27 (6.5)
78 (18.7)
8 (1.9)
20 (4.8)
5 (1.2)
17 (4.1)
5 (1.2)
4 (1.0)

274 (26.5)
61 (5.9)
8 (0.8)
44 (4.3)
26 (2.5)
39 (3.8)
34 (3.3)
4 (0.4)
78 (7.5)
166 (16.0)
34 (3.3)
126 (12.2)
14 (1.4)
30 (2.9)
75 (7.2)
22 (2.1)

< 0.01

416 (99.5)
2 (0.5)
0(
0(
1 (50.0)
0(
0(
0(
1 (50.0)
0(
0(

1,025 (99.0)
10 (1.0)
2 (20.0)
1 (10.0)
0(
2 (20.0)
2 (20.0)
1 (10.0)
0(
1 (10.0)
1 (10.0)

0.53

Values are presented as median (range) or number (%).

cycline administration was 161 days in non-D group and 168
days in D group (p=0.90). The median age of first anthracycline administration was 5 years in non-D group and 6 years
in D group, respectively (p=0.73). The median dose of dexrazoxane was 2,390 mg/m2, and the median total duration of
dexrazoxane administration was 167 days (range, 1 to 2,974
days).
Routine G-CSF administration during neutropenia was
more frequent in D group (86.0%) than in non-D group
(71.2%) (p < 0.01), and more patients in non-D group (32.1%)
received radiotherapy (p < 0.01) (Table 2). The total dose of
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radiation was significantly higher in D group (p=0.01); however, radiation fields were various and the number of
patients who received radiation therapy on thorax-related
fields was not significantly different between two groups
(p=0.48).
3. Efficacy of dexrazoxane
Cardiac events in 1,452 patients until the time of data collection were collected. A total of 75 cardiac events occurred,
and there were 16 cases (3.8%) in non-D group, and 59 cases
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Table 2. Cumulative doses of chemotherapeutics and details of treatment
Non-dexrazoxane (n=418)
No. (%)
Cumulative doses of chemotherapeutics (mg/m2)
Etoposide
Cyclophosphmide
Total anthracyclinesa)
Daunomycin (daunorubicin)
Doxorubicin (adriamycin)
Idarubicin
Epirubicin
Mitoxantrone
Total duration of chemotherapy (day)d)
Total duration of anthracycline (day)d)
Age at first anthracycline (yr)
Total dose of dexrazoxane (mg/m2)
Total duration of dexrazoxane (day)d)
G-CSF administration during neutropenia
Radiotherapy
Radiotherapy on thorax
Radiation dose (Gy)

122
297
411b)
164
364
27
1
15
297 (71.2)
134 (32.1)
9 (2.2)
-

Dexrazoxane (n=1,035)

Median (range)
1,830 (120-6,340)
2,570 (310-35,370)
150 (15.4-665.1)
75 (18-347)
120 (15-691)
50 (6-113)
208 (
40 (16-100)
652 (0-2,655)
161 (0-1,889)
5 (0-26)
18 (2-63)

No. (%)

Median (range)

447
718
1,032c)
304
909
80
13
35
890 (86.0)
201 (19.4)
29 (2.8)
-

1,820 (40-15,430)
4,030 (4-74,110)
210 (17-753.9)
80 (18.4-392)
180 (17.3-665)
60 (10.7-248)
100 (31.1-1,091)
40 (12-55)
366 (1-3,444)
168 (0-2,974)
6 (0-21)
2,390 (125-36,989)
167 (1-2,974)
22.5 (0.45-147)

p-value

0.52
< 0.01
< 0.01
0.20
< 0.01
0.03
1.00
0.73
< 0.01
0.90
0.73
< 0.01
< 0.01
< 0.01
< 0.01
0.48
0.01

G-CSF, granulocyte colony-stimulating factor. a)Cumulative dose of total anthracyclines (mg/m2)=daunorubicin (mg/m2)
0.833+doxorubicin (mg/m2)+idarubicin (mg/m2)5+epirubicin (mg/m2)0.67+mitoxantrone (mg/m2)4, b)Dose data of
7 patients were not available, c)Dose data of 3 patients were not available, d)Total duration of the drug=date of last administration–date of first administration.

A

B
1.0

0.9
0.8
0.7
Dexrazoxane (n=1,034)
Non-dexrazoxane (n=416)

0.6

Cardiac event-free survival rate

Cardiac event-free survival rate

1.0

0.8
0.6
0.4
Dexrazoxane (n=172)
Non-dexrazoxane (n=32)

0.2

p=0.09

0.5

0

20

40

p=0.04

60

80

100 120 140 160 180 200
Time (mo)

0

0

20

40

60

80

100 120 140 160 180 200
Time (mo)

Fig. 1. Cardiac event-free survival (EFS) of all patients (A), patients who received more than 400 mg/m2 of total cumulative
anthracyclines (B). (A) The cardiac EFS rate was 95.4% in non-dexrazoxane group (non-D group) (n=416), and 93.4% in dexrazoxane group (D group) (n=1,034) (p=0.09), (B) but there was significant difference in cardiac EFS between non-D group
(n=32) and D group of patients (n=172) who received more than 400 mg/m2, as 80.1% and 91.2% (p=0.04).
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-

Y

N

Y

Y

0.5

0

0

2.2

0
0
0
6.7
0

1.9

4.5
3.7
4.7
2.7

6.5
0

8.2

0.6

7.4

0

0
0
3.6
74.1
4.2

0

11.3
23.8
15.9
31.5

12.9
1.6

52

166.3

62.4

15.9

25.6
28.6
21.9
74.5
114.6

82.2

77.4
96.6
99.9
29.5

59.2
77

Alive
Alive
Alive
Death d/t infection
Alive

Alive

Death d/t disease
Death d/t infection
Alive
Alive

Alive
Alive

Survival status

Death d/t
hepatic failure
Langerhan's histiocytosis Alive
(left occipital)
Extranodal marginal
Alive
zone lymphoma
Myelodysplastic
Alive
syndrome

Acute myeloid leukemia

Acute myeloid leukemia
Acute myeloid leukemia
Acute myeloid leukemia
Acute myeloid leukemia
Optic glioma

Osteosarcoma
Osteosarcoma
Osteosarcoma
Non-Hodgkin's
lymphoma
Chodrosarcoma

Papillary thyroid cancer
Papillary thyroid cancer

Secondary
malignancy

RT, radiation; G-CSF, granulocyte colony-stimulating factor; M, male; N, no; Y, yes; F, female; d/t, due to; CNS PNET, central nervous system primitive neuroectodermal tumor.

N

Brain

-

N
Y

-

Y
Y
Y
Y
Y

Y

Y
Y
Y
Y

Y
Y

Cumulative doses of
chemotherapeutics

Time to
secondary
malignancy
G-CSF
Etoposide Cyclophosphamide from initial
diagnosis (mo)
(g/m2)
(g/m2)

Primary treatment

Left neck/axillary
Adrenal
-

N

N
N
Y
Y
N

-

N

Extracranial germ
cell tumor
8
F
8
Osteosarcoma
9
M
10
Osteosarcoma
10
M
10
Hodgkin lymphoma
11
F
13
Neuroblastoma
12
M
15
Acute lymphoblastic
leukemia
Non-dexrazoxane group (n=344)
13
F
0
Extracranial germ
cell tumor
14
F
2
Non-Hodgkin's
lymphoma
15
F
6
Acute lymphoblastic
leukemia
16
M
12
Osteosarcoma

8

7

F

Orbit
Orbit
Right retina
Brain

Y
Y
Y
Y

RT field

Brain/spine

RT

N
Y

Primary
diagnosis

Dexrazoxane group (n=880)
1
M
1
Neuroblastoma
2
M
1
Acute lymphoblastic
leukemia
3
F
0
Retinoblastoma
4
F
1
Retinoblastoma
5
F
1
Retinoblastoma
6
M
6
CNS PNET

Age at
initial
No. Sex diagnosis
(yr)

Table 3. Characteristics of patients with secondary malignancies
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1.0

Dexrazoxane (n=880)
Non-dexrazoxane (n=344)

p=0.55

0.8
0.6
0.4
0.2
0

0

50

100
Time (mo)

150

200

B
Cumulative incidence of secondary malignancy

Cumulative incidence of secondary malignancy

A
1.0

Dexrazoxane (n=34)
Non-dexrazoxane (n=12)

p=0.56

0.8
0.6
0.4
0.2
0

0

50

100
Time (mo)

150

Fig. 2. The 6-year cumulative incidence rate of secondary malignancy in all patients (n=1,224) (A), patients with Hodgkin
disease (n=46) (B). (A) The 6-year cumulative incidence rate of secondary malignancies (SMN) in all patients was 0.67±0.24%.
The rates of SMN were 0.52%±0.37% in non-dexrazoxane group (non-D group) (n=880) and 0.60%±0.28% in dexrazoxane
group (D group) (n=344) (p=0.55). (B) When patients with Hodgkin lymphoma were analyzed, the rates of SMN was 0% in
non-D group (n=12) and 3.1%±2.9% in D group (n=34) (p=0.56).

(5.7%) in D group (p=0.24) (S3 Table). Among all cardiac
events, asymptomatic ventricular dysfunction in echocardiography was the most common cardiac manifestation (3 cases
in non-D group, 26 cases in D group). According to the time
of cardiotoxicity, early cardiotoxicity occurred in 13 cases of
non-D group, and 52 cases of D group.
The cardiac EFS rate was 95.4% in non-D group, and 93.4%
in D group. There was no significant difference in EFS after
considering the corrections factors (p=0.09) (Fig. 1A).
According to the total anthracyclines cumulative doses, there
were 204 patients who received more than 400 mg/m2 of
anthracyclines (32 patients in non-D group, 172 patients in
D group). There were 6 cardiac events in non-D group, and
12 events in D group (S4 Table). When analyzing the cardiac
EFS rates according to the total cumulative anthracycline
doses, there was significant difference between non-D group
and D group of patients who received more than 400 mg/m2,
as 80.1% and 91.2% (p=0.04) (Fig. 1B).
4. Secondary malignancy and survival
Data of SMN was available in 1,224 patients (non-D group
344 patients and D group 880 patients), and there were 4 and
12 patients who developed SMN or MDS in non-D group
and D group, respectively (Table 3). The median latency from
initial diagnosis to SMN was 5.7 years (range, 1.3 to 13.9
years). The most common SMN was acute myeloid leukemia

(AML), as total five patients developed AML, and osteosarcoma was developed in three patients. The follow up duration of both groups were significantly different, so the cumulative incidence of both groups were compared at the same
time points. The 6-year cumulative incidence rate of SMN in
all patients was 0.67±0.24%. The rates of SMN were 0.52%±
0.37% in non-D group and 0.60%±0.28% in D group, respectively (Fig. 2A), and the cumulative incidence rate after considering correction factors was not statistically different
between two groups (p=0.55). When patients with Hodgkin
lymphoma were analyzed (non-D group 12 patients, and D
group 34 patients), the 6-year cumulative incidence rate of
SMN was 0% in non-D group and 3.1%±2.9% in D group,
and the difference between two groups was not significant
(p=0.56) (Fig. 2B).
The OS in D group was 87.4%, and that in non-D group
was 86.3% (Fig. 3A). The EFS was 80.3% in D group and
80.4% in non-D group (Fig. 3B). The survival rates were not
significantly different between two groups (OS, p=0.06; EFS,
p=0.64).
5. Risk factor for secondary malignancy
Risk factors affecting the occurrence of SMN after considering relapse and death as competing risks were analyzed
with Fine and Gray model, and the results are shown in
Table 4. According to the univariate analysis with significant
VOLUME 51 NUMBER 1 JANUARY 2019
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Event-free survival rate

Overall survival rate
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0.8
0.7
Dexrazoxane (n=1,035)
Non-dexrazoxane (n=418)

0.6

0.6
0.4
Dexrazoxane (n=1,035)
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p=0.06
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Fig. 3. Survival rates of all patients. (A) Overall survival rate of 1,035 patients in dexrazoxane group (D group) was 87.4%,
and that of 418 patients in non-dexrazoxane group (non-D group) was 86.3% (p=0.06). (B) Event-free survival rate was 80.3%
in D group (n=1,035) and 80.4% in non-D group (n=418) (p=0.64).

Table 4. Analysis of the risk factors for secondary malignancy
Factor
Dexrazoxane group vs. non-dexrazoxane group
Age (yr)
Sex (female vs. male)
Syndrome or genetic disease (yes vs. no)
G-CSF (yes vs. no)
Previous radiation (yes vs. no)
Cumulative dose of etoposide (mg/m2)
Cumulative dose of cyclophosphamide (mg/m2)
Cumulative dose of total anthracyclines (mg/m2)
Total duration of anthracycline (mo)
Time after last anthracycline (mo)
Total duration of chemotherapy (mo)

Univariate analysis
Unadjusted HR (95% CI)
3.46 (0.92-13.07)
0.97 (0.85-1.09)
2.30 (0.82-6.47)
3.14 (0.03-23.39)
5.05 (1.03-91.25)
3.12 (1.15-8.45)
1.31 (1.16-1.47)
1.08 (1.06-1.10)
2.88 (1.82-4.58)
1.06 (1.05-1.07)
0.98 (0.97-0.99)
1.05 (1.04-1.07)

Multivariate analysis
p-value

Adjusted HR (95% CI)

p-value

0.07
0.55
0.11
0.50
0.09
0.03
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01

1.05 (1.03-1.06)
0.99 (0.98-0.99)
-

< 0.01
< 0.01
-

HR, hazard ratio; CI, cumulative incidence.

level of 5%, irradiation history, higher cumulative doses of
etoposide, cyclophosphamide and anthracyclines, longer
duration of anthracycline, shorter time after last anthracycline, and longer duration of chemotherapy were related
with statistically significant higher hazard ratio of the occurrence of SMN. The result of multivariate analysis showed
that the incidence of SMN was not increased due to dexrazoxane, but increased approximately 1.05 times in response
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to every 1-month prolongation of anthracycline administration (p < 0.01) (Table 4). Whereas, the incidence of SMN was
reduced by about 0.99 times as every month after last anthracycline went by (p < 0.01).
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Discussion
In this study, multivariate analysis for assessing risk factors of SMN in pediatric cancer patients who received dexrazoxane was conducted, and there was no increased incidence
or risk of SMN in those patients.
The mechanism of anthracycline’s early cardiotoxicity is
known to be related to free radical injury, contributing to the
formation of reactive oxygen species and leading to the apoptosis of cardiomyocyte and intracellular damage [12]. On the
other hand, the mechanism of delayed cardiotoxicity in the
long-term survivors is multifactorial including myocardial
mitochondria related apoptosis which results in metabolic
remodeling of heart [13]. However, delayed cardiotoxicity
presents as overt clinical manifestations such as heart failure
only in extreme cases, and only slowly progressing ventricular abnormalities are detected in many cases [13].
For assessing cardiotoxicity in pediatric cancer patients,
cardiac event has been counted as one of the markers for cardiotoxicity [3,14]. A cumulative dose of anthracycline has
been known as the most significant risk factor for cardiac
dysfunction. The incidence of heart failure was approximately 3.0% in patients receiving a cumulative dose of doxorubicin of 400 mg/m2, 7.5% at doses of 550 mg/m2, and
18.0% at doses of 700 mg/m2 [15]. In our study, although
there was no significant difference in EFS between two groups
and the median follow up duration was significantly longer
in non-D group, patients who received more than 400 mg/m2
of cumulative anthracyclines and dexrazoxane showed a
slightly higher cardiac EFS than the other patients without
dexrazoxane. These results might be related to the relatively
low incidence of clinical cardiologic events in patients with
less than 400 mg/m2 of anthracycline, thus the protective
effect would be apparent only in patients receiving higher
amounts of anthracyclines. Longer follow-up would be
needed considering late cardiotoxicity especially in patients
with short treatment off period.
Despite of the cardioprotective effects of dexrazoxane,
dexrazoxane was reported to be related with increased risk
of SMN. Tebbi et al. [5] reported the results of the Pediatric
Oncology Group study with Hodgkin lymphoma, in which
patients were randomly assigned to receive dexrazoxane to
evaluate its cardiopulmonary protective effect. The authors
found an increased incidence of SMN after a median followup time of 4.8 years, especially AML or MDS, in the dexrazoxane-received patients.
However, many refutations against the Tebbi’s report have
been followed. Since in that article, risk factors of SMN such
as cumulative doses of etoposide, cyclophosphamide, and
doxorubicin or G-CSF administration were not considered
as confounding factors in the analysis. Also, many studies in

other patient groups have not shown the same results [6-8,
13].
In our study, multiple risk factors known to affect SMN
development were collected. In the multivariate analysis,
longer duration of anthracycline, and shorter time after last
anthracycline were related with statistically significant
higher hazard ratio of the occurrence of SMN. There was no
significant risk factor related to AML or MDS, specifically.
There was no data related to the association of SMN and
duration of certain chemotherapeutic agents. Considering
the final adjusted hazard ratios in our study were relatively
low as 1.05 and 0.99, our final multivariate factors could not
be the most powerful risk factors for SMN. Further analysis
could elucidate more influential risks factors for SMN in
these patients group.
Risk factors for SMN are known to be multifactorial.
Chemotherapy agents known to be carcinogenic are the alkylating agents, topoisomerase II agents, and anthracyclines
[16]. In addition, the cumulative dose, the schedule of chemotherapy administration, and the use of multiple drugs all significantly impact the risk of developing SMN [16].
In our study, patient No. 2 in Table 3 developed papillary
thyroid cancer within radiation fields. Although there were
cases where the irradiated fields and location of SMN were
not related, radiation itself has been reported as one of the
risk factors for SMN in childhood cancer patients [17-19]. Secondary osteosarcoma was developed in three retinoblastoma
patients. The risk of secondary bone tumors in retinoblastoma survivors is higher in patients with bilateral disease or
germline mutations in RB gene. In addition, radiation therapy could also increase the risk of secondary osteosarcoma
in retinoblastoma patients [20].
When patients with Hodgkin disease were analyzed separately, dexrazoxane was not a significant risk factor for SMN
and the cumulative incidence of SMN was not significantly
different regardless of dexrazoxane. In the study of the
Childhood, Adolescent and Young Adult Cancer Survivors
Research Program of British Columbia which analyzed long
term results of 442 Hodgkin lymphoma survivors, radiation
therapy (hazard ratio, 2.7), and female sex (hazard ratio, 1.8)
were significant risk factors for SMN in multivariate analysis
[21]. To analyze risk factors for SMN in Hodgkin disease,
many factors other than dexrazoxane should be considered.
This study has several limitations. First, there would be
possibility of selection bias due to retrospective design
although data management and analysis were conducted by
medical statistics specialists. Second, the follow up duration
was variable, and there were patients with insufficient follow-up duration for late complication analysis. Especially,
the follow up duration of D group was significantly shorter
than non-D group so that cardiac events or SMN results
might be changed after longer follow-up. Third, there could
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be other risk factors for SMN development such as cancer
predisposing genetic factors and other alkylating agents
including ifosfamide. In addition, specific medical conditions
which might cause cardiac events other than anthracycline
could not be considered because of the limitation of retrospective design.
In conclusion, dexrazoxane had an efficacy in the prevention of lowering cardiac EFS rates in patients with higher
cumulative anthracyclines. According to the multivariate
analysis, the occurrence of SMN was not related to dexrazoxane. Given the efficacy of dexrazoxane as a cardioprotectant,
dexrazoxane could be used in anthracycline-containing
pediatric regimens.
Electronic Supplementary Material
Supplementary materials are available at Cancer Research and
Treatment website (https://www.e-crt.org).
Conflicts of Interest
Conflict of interest relevant to this article was not reported.
Acknowledgments
This research was supported by a grant (12172MFDS231) from the
Ministry of Food and Drug Safety, Republic of Korea.

Author Details
1

Department of Pediatrics, Cancer Research Institute, Seoul National
University College of Medicine, Seoul, 2Department of Pediatrics,
Asan Medical Center, University of Ulsan College of Medicine,
Seoul, 3Department of Pediatrics, College of Medicine, The Catholic
University of Korea, Seoul, 4Department of Pediatrics, Yeungnam
University Medical Center, Yeungnam University College of Medicine, Daegu, 5Department of Pediatrics, Daegu Fatima Hospital,
Daegu, 6Department of Pediatrics, Korean Cancer Center Hospital,
Seoul, 7Department of Pediatrics, Hanyang University Medical Center, Hanyang University College of Medicine, Seoul, 8Department
of Pediatrics, Ulsan University Hospital, University of Ulsan College
of Medicine, Ulsan, 9Department of Pediatrics, Chonnam National
University Hwasun Hospital, Chonnam National University School
of Medicine, Hwasun, 10Department of Pediatrics, Keimyung University Dongsan Medical Center, Keimyung University School of
Medicine, Daegu, 11Department of Pediatrics, School of Medicine,
Kyungpook National University, Daegu, 12Department of Pediatrics,
Wonju Severance Christian Hospital, Yonsei University Wonju College of Medicine, Wonju, 13Department of Pediatrics, Dong-A University Hospital, Dong-A University College of Medicine, Busan,
14
Department of Pediatrics, Chungbuk National University Hospital,
Chungbuk National University College of Medicine, Cheongju,
15
Department of Pediatrics, Kyung Hee University Medical Center,
Kyung Hee University School of Medicine, Seoul, 16Department of
Pediatrics, Dankook University Hospital, Dankook University College of Medicine, Cheonan, 17Department of Pediatrics, Seoul National University Bundang Hospital, Seongnam, Korea, 18Department
of Pediatrics, Kagoshima University Graduate School of Medical
and Dental Sciences, Kagoshima, Japan, 19Medical Research Collaborating Center, Seoul National University Hospital, Seoul, Korea

References
1. Harake D, Franco VI, Henkel JM, Miller TL, Lipshultz SE. Cardiotoxicity in childhood cancer survivors: strategies for prevention and management. Future Cardiol. 2012;8:647-70.
2. Brewster DH, Clark D, Hopkins L, Bauer J, Wild SH, Edgar
AB, et al. Subsequent hospitalisation experience of 5-year survivors of childhood, adolescent, and young adult cancer in
Scotland: a population based, retrospective cohort study. Br J
Cancer. 2014;110:1342-50.
3. Choi HS, Park ES, Kang HJ, Shin HY, Noh CI, Yun YS, et al.
Dexrazoxane for preventing anthracycline cardiotoxicity in
children with solid tumors. J Korean Med Sci. 2010;25:1336-42.
4. Barry EV, Vrooman LM, Dahlberg SE, Neuberg DS, Asselin
BL, Athale UH, et al. Absence of secondary malignant neoplasms in children with high-risk acute lymphoblastic
leukemia treated with dexrazoxane. J Clin Oncol. 2008;26:

366

CANCER RESEARCH AND TREATMENT

1106-11.
5. Tebbi CK, London WB, Friedman D, Villaluna D, De Alarcon
PA, Constine LS, et al. Dexrazoxane-associated risk for acute
myeloid leukemia/myelodysplastic syndrome and other secondary malignancies in pediatric Hodgkin's disease. J Clin
Oncol. 2007;25:493-500.
6. Walker DM, Fisher BT, Seif AE, Huang YS, Torp K, Li Y, et al.
Dexrazoxane use in pediatric patients with acute lymphoblastic or myeloid leukemia from 1999 and 2009: analysis of a
national cohort of patients in the Pediatric Health Information
Systems database. Pediatr Blood Cancer. 2013;60:616-20.
7. Vrooman LM, Neuberg DS, Stevenson KE, Asselin BL, Athale
UH, Clavell L, et al. The low incidence of secondary acute
myelogenous leukaemia in children and adolescents treated
with dexrazoxane for acute lymphoblastic leukaemia: a report

Hyery Kim, Efficacy and Safety of Dexrazoxane

from the Dana-Farber Cancer Institute ALL Consortium. Eur
J Cancer. 2011;47:1373-9.
8. Seif AE, Walker DM, Li Y, Huang YS, Kavcic M, Torp K, et al.
Dexrazoxane exposure and risk of secondary acute myeloid
leukemia in pediatric oncology patients. Pediatr Blood Cancer.
2015;62:704-9.
9. Blanco JG, Sun CL, Landier W, Chen L, Esparza-Duran D,
Leisenring W, et al. Anthracycline-related cardiomyopathy
after childhood cancer: role of polymorphisms in carbonyl
reductase genes: a report from the Children's Oncology
Group. J Clin Oncol. 2012;30:1415-21.
10. Florescu M, Cinteza M, Vinereanu D. Chemotherapy-induced
cardiotoxicity. Maedica (Buchar). 2013;8:59-67.
11. Kremer LC, van Dalen EC, Offringa M, Ottenkamp J, Voute
PA. Anthracycline-induced clinical heart failure in a cohort of
607 children: long-term follow-up study. J Clin Oncol. 2001;19:
191-6.
12. Lipshultz SE, Adams MJ. Cardiotoxicity after childhood cancer: beginning with the end in mind. J Clin Oncol. 2010;28:
1276-81.
13. Lipshultz SE, Scully RE, Lipsitz SR, Sallan SE, Silverman LB,
Miller TL, et al. Assessment of dexrazoxane as a cardioprotectant in doxorubicin-treated children with high-risk acute lymphoblastic leukaemia: long-term follow-up of a prospective,
randomised, multicentre trial. Lancet Oncol. 2010;11:950-61.
14. Mozdzanowska D, Wozniewski M. Radiotherapy and anthracyclines: cardiovascular toxicity. Contemp Oncol (Pozn). 2015;
19:93-7.

15. Swain SM, Whaley FS, Ewer MS. Congestive heart failure in
patients treated with doxorubicin: a retrospective analysis of
three trials. Cancer. 2003;97:2869-79.
16. Vega-Stromberg T. Chemotherapy-induced secondary malignancies. J Infus Nurs. 2003;26:353-61.
17. Hawkins MM, Wilson LM, Stovall MA, Marsden HB, Potok
MH, Kingston JE, et al. Epipodophyllotoxins, alkylating
agents, and radiation and risk of secondary leukaemia after
childhood cancer. BMJ. 1992;304:951-8.
18. Haddy N, Le Deley MC, Samand A, Diallo I, Guerin S, Guibout C, et al. Role of radiotherapy and chemotherapy in the
risk of secondary leukaemia after a solid tumour in childhood.
Eur J Cancer. 2006;42:2757-64.
19. Friedman DL, Whitton J, Leisenring W, Mertens AC, Hammond S, Stovall M, et al. Subsequent neoplasms in 5-year survivors of childhood cancer: the Childhood Cancer Survivor
Study. J Natl Cancer Inst. 2010;102:1083-95.
20. Choi DK, Helenowski I, Hijiya N. Secondary malignancies in
pediatric cancer survivors: perspectives and review of the literature. Int J Cancer. 2014;135:1764-73.
21. Bhuller KS, Zhang Y, Li D, Sehn LH, Goddard K, McBride ML,
et al. Late mortality, secondary malignancy and hospitalisation in teenage and young adult survivors of Hodgkin lymphoma: report of the Childhood/Adolescent/Young Adult
Cancer Survivors Research Program and the BC Cancer
Agency Centre for Lymphoid Cancer. Br J Haematol. 2016;
172:757-68.

VOLUME 51 NUMBER 1 JANUARY 2019

367

pISSN 1598-2998, eISSN 2005-9256
https://doi.org/10.4143/crt.2018.010

Cancer Res Treat. 2019;51(1):368-377

Open Access

Original Article

Circulating Low Absolute CD4+ T Cell Counts May Predict Poor
Prognosis in Extranodal NK/T-Cell Lymphoma Patients Treating with
Pegaspargase-Based Chemotherapy

Ya-Ping Zhang, MD1,2,3,4
Run Zhang, MD1,2,3
Hua-Yuan Zhu, MD, PhD1,2,3
Li Wang, MD1,2,3
Yu-Jie Wu, PhD1,2,3
Jin-Hua Liang, MD1,2,3
Wen-Yu Shi, MD, PhD4
Hong Liu, MD, PhD4
Wei Xu, MD, PhD1,2,3
Jian-Yong Li, MD, PhD1,2,3

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

+ Correspondence:
+ + + + + + +Jian-Yong
+ + + + Li,
+ MD,
+ + PhD
+++++
+ Department
+ + + + + of+ Hematology,
+ + + + + the
+ +First
+ +Affiliated
++++
+ Hospital
+ + + +of+Nanjing
+ + + Medical
+ + + +University,
+++++++
+ + + + Province
+ + + + + + + +Key
+ + + + + + of+ +
+ Jiangsu
+ + + + + + +Hospital,
+ + + + + +Laboratory
++++++
+ Hematology
+ + + + + of+ Nanjing
+ + + +Medical
+ + +University,
++++++
Collaborative
Innovation
Center
for
+ + + + + + + + + + + + + + + Cancer
+++++
+ Personalized
+ + + + + Medicine,
+ + + + +Nanjing
+ + +210029,
+ + +China
+++
+ Tel:
+ +86-25-83781120
+++++++++++++++++
+ Fax:
+ +86-25-83781120
+++++++++++++++++
+ E-mail:
+ + + lijianyonglm@medmail.com.cn
++++++++++++++++
++++++++++++++++++++
+ Co-correspondence:
+ + + + + + + + Wei
+ +Xu,
+ +MD,
+ +PhD
+++++
+ Department
+ + + + + of+ Hematology,
+ + + + + the
+ +First
+ +Affiliated
++++
+ Hospital
+ + + +of+Nanjing
+ + + Medical
+ + + +University,
+++++++
+ Jiangsu
+ + + + + + +Hospital,
+ + + + + +Laboratory
++++++
+ + + + Province
+ + + + + + + +Key
+ + + + + + of+ +
Hematology
of
Nanjing
Medical
University,
++++++++++++++++++++
+ Collaborative
+ + + + + +Innovation
+ + + + Center
+ + +for
+ Cancer
+++++
+ Personalized
+ + + + + Medicine,
+ + + + +Nanjing
+ + +210029,
+ + +China
+++
+ Tel:
+ +86-25-83781120
+++++++++++++++++
+ Fax:
+ +86-25-83781120
+++++++++++++++++
+ E-mail:
+ + + xuwei10000@hotmail.com
++++++++++++++++
++++++++++++++++++++
+ Received
+ + + +January
+ + + 2,+ 2018
+++++++++++
+ Accepted
+ + + + May
+ + 11,
+ 2018
++++++++++++
+ Published
+ + + + + + + May
+ + + +2018
++++++++
+ + + + + Online
+ + + + + 14,
++++++++++
++++++++++++++++++++
+ *Ya-Ping
+ + + +Zhang
+ + +and+ Run
+ +Zhang
+ + +contributed
++++++
+ equally
+ + + to+ this
+ +work.
+++++++++++++

368

Purpose
Extranodal natural killer/T-cell lymphoma, nasal type (ENKTL) is a rare subtype of nonHodgkin lymphoma, and asparaginase-based regimens are the best first-line treatments.
Data on the role of specific circulating lymphocyte subsets in the progression of ENKTL are
limited. The aim of this study was to investigate the clinical correlation and distribution of
circulating absolute CD4+ T-cell counts (ACD4Cs) in ENKTL.
Materials and Methods
We retrospectively searched medical records for 70 newly diagnosed ENKTL patients treated
with pegaspargase-based regimens. Comparison of ACD4Cs as a continuous parameter in
different groups was calculated. Univariate and multivariate analyses were used to assess
prognostic factors for overall survival (OS) and progression-free survival (PFS).
Results
Stage III/IV, B symptoms, elevated lactate dehydrogenase, monocytopenia, high-intermediate and high risk International Prognostic Index (IPI) and Korean Prognostic Index (KPI),
high risk Prognostic Index of Natural Killer Lymphoma (PINK), and lower lymphocytes were
significantly associated with low ACD4C at diagnosis. With a median follow-up time of 32
months, patients who had an ACD4C < 0.30109/L had a worse OS. Median OS was 11
months and median PFS was 5 months in the low ACD4C cohort. There were significant differences in both OS and PFS between the two cohorts. Moreover, multivariate Cox analysis
identified ACD4Cs as an independent predictor for OS and PFS.
Conclusion
Low ACD4Cs were associated with poorer survival and could act as a negative predictor for
ENKTL patients treated with asparaginase-based regimens.

Key words
CD4+ T cell counts, Extranodal NK-T-cell lymphoma, Prognosis,
Progression-free survival, Overall survival
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Introduction
Extranodal natural killer (NK)/T-cell lymphoma, nasal
type (ENKTL) is a rare subtype of non-Hodgkin lymphoma
(NHL), with distinct epidemiological and clinicopathological
features. In China, ENKTL accounts for 5.26%-16.0% of all
NHL and is higher than in Western countries [1-4]. Comprehensive data on clinicopathologic features and prognostic
factors of ENKTL have been well presented. The prognosis
of ENKTL is variable, with some patients responding well to
therapy and others dying of disseminated disease despite
highly effective asparaginase-containing treatment. Significantly unfavorable prognostic factors include age, elevated
lactate dehydrogenase (LDH), B symptoms, higher performance status (PS) score, advanced stage disease, invasion of
extranasal sites, and high circulating Epstein-Barr virus
(EBV) DNA levels, which focus mainly on the clinical characteristics of ENKTL; the prognostic significance of the
International Prognostic Index (IPI), the Korean Prognostic
Index (KPI), and the Prognostic Index of Natural Killer Lymphoma (PINK) have been verified in many studies [5,6].
ENKTL patients have immune function disorders, which
are involved in the pathogenesis and progression of disease.
In fact, changes in the tumor microenvironment and host
immunity often occur and play important roles in disease
progression of some subtypes of lymphoma. CD4+ T cells are
critical to maintain EBV-specific effector and central memory
T lymphocytes, which might be an important factor during
the progression of lymphomas. Peng et al. [7] showed that
the density of CD4+ tumor infiltrating lymphocytes (TILs)
was negatively correlated with IPI and KPI scores, which
suggested that CD4+ TILs was decreased in high-risk patients
with ENKTL. CD8+ T cells also play an important role in controlling and eliminating EBV-infected cells and are related to
antitumoral and antiviral immune effects. Furthermore, T
cells could be used as therapeutic targets in ENKTL patients.
A recent trial showed that relapsed/refractory ENKTL
patients resistant to L-asparaginase-based regimens achieved
an excellent response by inducing T-cell cytotoxicity in lymphoma cells [8]. Therefore, it is important to evaluate the host
immune response of patients with ENKTL.
Several retrospective studies have demonstrated that a
decreasing absolute lymphocyte counts (ALCs) is an unfavorable prognostic index for ENKTL, while an increasing
ALCs is a favorable prognostic index. However, treatment is
heterogeneous and many patients received an inferior regimen like anthracycline-containing treatment [9,10]. Data are
limited with respect to the role of specific circulating lymphocyte subsets in the progression of ENKTL patients, especially those treated with asparaginase-containing regimens
[11,12]. Recent studies have suggested that there was a neg-

ative prognostic impact associated with low absolute CD4+
T-cell counts (ACD4Cs) in peripheral blood from follicular
lymphoma (FL) and mantle cell lymphoma (MCL) patients
[13,14]. Since the pathogenesis of ENKTL is strongly associated with immune cells infected with EBV, we speculated
that host immune status might be linked to the prognosis of
ENKTL. Few studies have investigated the role of host
immunity in patients with ENKTL. Analysis of the role of circulating T-cell subsets may provide useful information for
gaining a better understanding of ENKTL. Here, we assessed
the distribution of ACD4Cs and investigated its association
with clinical features and survival outcome in ENKTL.

Materials and Methods
1. Case selection and clinical characteristics
We retrospectively searched the medical records and identified 70 newly diagnosed ENKTL patients treated with
pegaspargase-based regimens at the Department of Hematology at the First Affiliated Hospital of Nanjing Medical
University (Jiangsu Province Hospital) from August 1, 2009,
to May 31, 2016. The ENKTL diagnosis was based on clinical,
morphologic, and immunophenotypic information, according to World Health Organization (WHO) classification criteria [15]. Patients with aggressive NK cell lymphoma/
leukemia, blastic NK cell lymphoma/leukemia, EBV-negative lymphoma/leukemia by in situ hybridization (ISH), previously treated ENKTL, or ENKTL not treated with pegaspargase-based regimens were excluded from the present
study. Patient clinical characteristics were obtained from
medical records, including age, sex, disease sites, PS, B symptoms, Ann Arbor stage, lymph node involvement, and complete blood counts (CBCs). 18F-fluorodeoxyglucose positron
emission tomography/computed tomography, and computed tomography or magnetic resonance imaging examinations were performed for staging at diagnosis and evaluating
efficacy.
2. Immunophenotypic analysis
Pathologic slides from tissue blocks, bone marrow aspirate
smears, and biopsy specimens were reviewed. Immunohistochemistry was performed using formalin-fixed, paraffinembedded 4-µm-thick tissue sections. The antigen retrieval
technique was performed as needed. Monoclonal antibodies
used included CD2, cytoplasmic CD3, CD4, CD5, CD7, CD8,
CD20, CD30, CD56, T-cell intracellular antigen (TIA-1), perforin, granzyme B, and Ki-67. ISH analysis for EBV-encoded
VOLUME 51 NUMBER 1 JANUARY 2019
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RNA (EBER) was performed for all cases. Flow cytometry
(FCM) immunophenotypic analysis was performed on
peripheral blood mononuclear cells (PBMCs) using a FACSCalibur flow cytometer (Becton-Dickinson, San Jose, CA).
Murine anti-human monoclonal antibodies from BD Biosciences were used, including antiCD3-fluorescein isothiocyanate, anti–CD4-phycoerythrin (PE), anti–CD8-allophycocyanin (APC), antiCD16-PE, and anti–CD56-APC. Mature
red blood cells were lysed using Tris-NH4Cl solution. Fresh
peripheral blood samples were mixed with fluorescent
labeled antibodies for 15 minutes in the dark at room temperature. Lymphocytes were delineated using forward-scatter and side-scatter dot plots. The lymphocyte population
was gated using CD45 expression and side scatter. CellQuest
software was used to analyze the data. PBMC specimens
were analyzed using CBC and FCM to determine the percentages of lymphocyte subsets and calculate absolute CD4+
T cell counts.
3. Treatments
Pegaspargase-based chemotherapy regimens with or without radiotherapy, including P-CHOP (pegaspargase, cyclophosphamide, doxorubicin, vincristine, and prednisone),
P-CHOEP (CHOP, pegaspargase, and etoposide), P-EPOCH
(pegaspargase, etoposide, prednisone, vincristine, cyclophosphamide, and doxorubicin), PMED (pegaspargase, methotrexate, etoposide, and dexamethasone), DMIPE (dexamethasone, methotrexate, ifosfamide, pegaspargase, and etoposide), or P-GemOX (pegaspargase, gemcitabine, and oxaliplatin) were administrated to all patients. Patients received
two to six cycles of chemotherapy as initial treatment. Radiotherapy doses used in chemoradiotherapy was no more than
54 Gy (range, 40 to 54 Gy).
4. Statistical analysis
Statistical analyses were performed with SPSS ver. 13.0
software (SPSS Inc., Chicago, IL). Comparison of ACD4Cs as
a continuous parameter in different groups was calculated
using the Mann–Whitney U test for unpaired samples. Cutoff
values were determined using the X-tile program (http://
www.tissuearray.org/rimmlab/), which identified cutoffs
with minimum p-values from log-rank analysis in terms of
overall survival (OS) [16]. OS was defined as the length of
time from the initial diagnosis to the time of death from any
cause or last contact. Progression-free survival (PFS) was
defined as the length of time from the initial diagnosis to the
time of first occurrence of progression after response, or last
contact. OS and PFS were analyzed using the method of
Kaplan-Meier and compared using the log-rank test. Univariate analysis was used to assess prognostic factors for OS
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and PFS. The Cox proportional hazards regression model
was used to estimate the hazard ratio (HR) and confidence
interval (CI) of significant variables in multivariate analysis.
p-values less than 0.05 were considered statistically significant.
5. Ethical statement
The study was approved by the Ethics Committee of the
First Affiliated Hospital of Nanjing Medical University. Subjects provided written informed consent and carried out
according to the Declaration of Helsinki.

Results
1. Patient characteristics, and associations between ACD4Cs and clinical features
We investigated 70 untreated patients with ENKTL, including 55 men (78.6%) and 15 women (21.4%) (male to female
ratio, 3.7:1). The median age of patients at the time of diagnosis was 47 years (range, 14 to 84 years), and 21 (30.0%) of
them were more than 60 years old. Forty-one patients (58.6%)
were diagnosed at stage I/II with a median ACD4C of
0.50109/L, versus 29 (41.4%) at stage III/IV with a median
ACD4C of 0.36109/L (p=0.029). B symptoms were observed
in 42 patients (60.0%) with a median ACD4C of 0.39109/L,
which was lower than in 28 patients (40.0%) without B symptoms (p=0.033). Fifty-eight patients (82.9%) with primary
upper aerodigestive tract diseases were designated as nasal
ENKTL, while 12 (17.1%) patients were diagnosed with
extranasal presentation of skin, gastrointestinal tract, lung,
or penis involvement. There was no significant difference in
median ACD4Cs between nasal and extranasal ENKTL
(p=0.377). Median ACD4Cs in cases with normal LDH (n=46,
65.7%) was higher than that in cases with elevated LDH
(n=24, 34.3%) (0.52109/L vs. 0.30109/L, p=0.001). Twentytwo patients (31.4%) were in the high-intermediate or highrisk groups evaluated using IPI. A KPI score greater than two
was determined in 38 patients (54.3%). Patients with low to
low-intermediate risk of IPI and KPI both had significantly
higher median ACD4Cs than those in the high-intermediate
or high-risk groups. According to the newest scoring system,
a PINK score of greater than one was determined in 32 cases
(45.7%) with a median ACD4C of 0.33109/L, versus 0.47
109/L in the low and intermediate risk groups (p=0.015). The
median ACD4C at diagnosis was 0.29109/L in the group
with decreasing monocytes, lower than that which was
found in the group with a normal level of monocytes (p=
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Table 1. The clinical characteristics of 70 patients with ENKTL, and associations between of ACD4Cs and characteristics
Variable
Age (yr)
 60
> 60
Sex
Male
Female
ECOG PS
0-1
2-4
Stage
I/II
III/IV
B symptoms
No
Yes
Involved site
Nasal
Extranasal
LDH
Normal
Elevated
Regional LN
No
Yes
IPI
L/LI risk
HI/H risk
KPI
L/LI risk
HI/H risk
PINK
L/I risk
High risk
ALCs
< 1109/L
 1109/L
Monocytes (/L)
< 0.2109
 0.2109
Neutrophils (/L)
< 2109
 2109
Hemoglobin (g/L)
< 110
 110

No. (%)

Median ACD4Cs (range, 109/L)

p-value

49 (70.0)
21 (30.0)

0.46 (0.05-1.08)
0.41 (0.11-1.14)

0.472

55 (78.6)
15 (21.4)

0.46 (0.10-1.14)
0.39 (0.05-0.73)

0.341

61 (87.1)
9 (12.9)

0.45 (0.10-1.14)
0.41 (0.05-1.02)

0.656

41 (58.6)
29 (41.4)

0.50 (0.11-1.04)
0.36 (0.05-1.14)

0.029

28 (40.0)
42 (60.0)

0.53 (0.11-1.08)
0.39 (0.05-1.14)

0.033

58 (82.9)
12 (17.1)

0.46 (0.10-1.14)
0.38 (0.05-1.02)

0.377

46 (65.7)
24 (34.3)

0.52 (0.10-1.14)
0.30 (0.05-1.08)

0.001

35 (50.0)
35 (50.0)

0.50 (0.14-1.14)
0.39 (0.05-1.08)

0.065

48 (68.6)
22 (31.4)

0.51 (0.10-1.14)
0.31 (0.05-1.08)

0.002

32 (45.7)
38 (54.3)

0.54 (0.11-1.04)
0.37 (0.05-1.14)

0.008

38 (54.3)
32 (45.7)

0.47 (0.11-1.04)
0.33 (0.05-1.14)

0.015

30 (42.9)
40 (57.1)

0.25 (0.05-0.51)
0.59 (0.17-1.14)

< 0.001

15 (21.4)
55 (78.6)

0.29 (0.05-0.75)
0.49 (0.10-1.14)

0.009

12 (17.1)
58 (82.9)

0.37 (0.10-0.69)
0.46 (0.05-1.14)

0.304

12 (17.1)
58 (82.9)

0.36 (0.05-1.02)
0.46 (0.10-1.14)

0.236

(Continued to the next page)
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Table 1. Continued
Variable

No. (%)

Median ACD4Cs (range, 109/L)

p-value

Platelets (/L)
< 100109
 100109

8 (11.4)
62 (88.6)

0.37 (0.12-1.02)
0.46 (0.05-1.14)

0.360

ENKTL, extranodal natural killer/T-cell lymphoma, nasal type; ACD4Cs, absolute CD4+ T cell counts; ECOG PS, Eastern
Cooperative Oncology Group performance status; LDH, lactate dehydrogenase; LN, lymph nodes; IPI, International Prognostic Index; L, low risk; LI, low-intermediate risk; I, intermediate risk; H, high risk; HI, intermediate-high risk; KPI, Korean
Prognostic Index; PINK, prognostic index of natural killer lymphoma; ALCs, absolute lymphocyte counts.
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Fig. 1. Overall survival (OS) of 70 patients with extranodal
natural killer/T-cell lymphoma, nasal type (ENKTL). OS
of 70 patients with ENKTL, according to the absolute
counts of T cell subsets (ACD4Cs) at the time of diagnosis,
using Kaplan-Meier estimations.

Fig. 2. Progression-free survival (PFS) of 70 patients with
extranodal natural killer/T-cell lymphoma, nasal type
(ENKTL). PFS of 70 patients with ENKTL, according to the
absolute counts of T cell subsets (ACD4Cs) at the time of
diagnosis, using Kaplan-Meier estimations.

0.009). Patients with normal levels of neutrophils, hemoglobin, and platelets had higher ACD4Cs than patients with
abnormal results, although statistical significance was not
reached (Table 1).

OS rates were 71.8% and 65.2%, respectively, while the 1-and
3-year PFS rates were 65.0% and 58.5%, respectively. In order
to further analyze the clinical significance of ACD4Cs, we
used the X-tile program to identify the cutoff value of ACD4Cs as 0.30109/L with the minimum p-values from log-rank
analysis in terms of OS. Patients were divided into ACD4Cs
 0.30109/L and ACD4Cs < 0.30109/L groups. There were
significant differences in both OS (p < 0.001) (Fig. 1) and PFS
(p < 0.001) (Fig. 2) between the ACD4Cs  0.30109/L group
and the ACD4Cs < 0.30109/L group. In the ACD4Cs
 0.30109/L group, median OS and PFS were not reached.
The 1-and 3-year OS rates were 84.3% and 77.8%, respectively, while the 1- and 3-year PFS rates were 82.7% and
72.6%, respectively. In the ACD4Cs < 0.30109/L group,
patients had worse survival. The median OS time was only

2. Associations between ACD4Cs and survival
All patients were treated with pegaspargase-based regimens, including chemotherapy alone (35.7%, 25/70) and
chemoradiotherapy (64.3%, 45/70). The median number of
cycles for the first-line regimen was four cycles. Two patients
received hematopoietic stem cell transplantation (HSCT),
including an upfront autologous HSCT and a salvage allogeneic HSCT. With a median follow-up of 32 months (range,
5 to 80 months), 23 patients (32.9%) died. The 1- and 3-year
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Fig. 3. Survivals of 41 early stage extranodal natural killer/T-cell lymphoma, nasal type (ENKTL) patients. Survivals of 41
early stage ENKTL patients, according to the absolute counts of T cell subsets (ACD4Cs) at the time of diagnosis. (A) Overall
survival. (B) Progression-free survival.
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Fig. 4. Survivals of 29 advanced stage extranodal natural killer/T-cell lymphoma, nasal type (ENKTL) patients. Survivals
of 29 advanced stage ENKTL patients, according to the absolute counts of T cell subsets (ACD4Cs) at the time of diagnosis.
(A) Overall survival. (B) Progression-free survival.

11 months and the median PFS was 5 months. The 1- and
3-year OS rates were 47.8% and 30.7%, respectively, while
the 1- and 3-year PFS rates were 34.8% and 30.4%, respectively. The prognostic value of ACD4Cs was separately analyzed according to stage as well. In early stage (stage I/II)

ENKTL patients, ACD4Cs < 0.30109/L signified shorter survival for both OS (p=0.001) and PFS (p=0.009) (Fig. 3). While
in advanced stage (stage III/IV) patients, ACD4Cs merely
showed poor prognostic value in PFS (p=0.046) (Fig. 4).
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Table 2. Univariate analyses of prognostic factors for OS and PFS in ENKTL
p-value

Parameter

Univariate analysis (OS)

Age > 60 yr
B symptoms
ECOG PS (2-4)
Stage III/IV
Regional LN
Extranasal
LDH > normal
Monocytes < 0.2109/L
Neutrophils < 2109/L
Hemoglobin < 110 g/L
Platelets < 100109/L
IPI (HI/H risk)
KPI (HI/H risk)
PINK (High risk)
ACD4Cs < 0.30109/L
ACD8Cs < 0.28109/L
ALCs < 1109/L

Univariate analysis (PFS)

0.456
0.051
0.028
0.001
0.020
0.012
0.127
0.184
0.223
0.225
0.744
0.001
0.003
0.001
< 0.001
0.098
0.006

0.452
0.105
0.093
< 0.001
0.006
0.039
0.182
0.365
0.303
0.132
0.980
0.003
0.001
0.001
< 0.001
0.235
0.013

OS, overall survival; PFS, progression-free survival; ENKTL, extranodal natural killer/T-cell lymphoma, nasal type; ECOG
PS, Eastern Cooperative Oncology Group performance status; LN, lymph nodes; LDH, lactate dehydrogenase; IPI, International Prognostic Index; HI/H, intermediate-high and high risk; KPI, Korean Prognostic Index; PINK, Prognostic Index of
Natural Killer Lymphoma; ACD4Cs, absolute CD4+ T cell counts; ACD8Cs, absolute CD8+ T cell counts; ALCs, absolute lymphocyte counts.

Table 3. Multivariate analysis of prognostic factors for OS and PFS in ENKTL
Parameter
Age
Stage
Regional LN
Extranasal
ACD4Cs

Multivariate analysis (OS)

Multivariate analysis (PFS)

RR (95% CI)

p-value

RR (95% CI)

p-value

1.388 (0.578-3.333)
1.471 (0.958-2.259)
1.457 (0.569-3.733)
1.865 (0.729-4.769)
2.992 (1.180-7.585)

0.464
0.078
0.433
0.193
0.021

1.331 (0.593-2.989)
1.376 (0.947-2.000)
1.733 (0.717-4.190)
1.617 (0.657-3.978)
2.761 (1.201-6.345)

0.488
0.094
0.222
0.296
0.017

OS, overall survival; PFS, progression-free survival; ENKTL, extranodal natural killer/T-cell lymphoma, nasal type; RR, risk
ratio; CI, confidence interval; LN, lymph nodes; ACD4Cs, absolute CD4+ T cell counts.

3. Prognostic factors
The correlation between clinical characteristics and survival was evaluated using univariate and multivariate analyses. In univariate analysis, results demonstrated that low
ACD4Cs (p < 0.001), poor PS (p=0.028), stage III/IV (p=0.001),
regional lymphadenopathy (p=0.020), primary extranasal
presentation (p=0.012), high risk PINK (p=0.001), high and
high-intermediate risk IPI (p=0.001), and KPI (p=0.003) were
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correlated with a worse OS. In terms of PFS, patients with
low ACD4Cs (p < 0.001), stage III/IV (p < 0.001), regional
lymphadenopathy (p=0.006), primary extranasal presentation (p=0.039), high risk PINK (p=0.001), high and highintermediate risk IPI (p=0.003), and KPI (p=0.001) had inferior survival. Our findings also demonstrated that there was
no correlation between absolute CD8+ T cell counts (ACD8Cs)
and survival (Table 2). PINK is considered to be the most
important prognostic model for predicting survival in

Ya-Ping Zhang, CD4+ T Cell Counts in ENKTL

patients with ENKTL, which includes prognostic factors confirmed in univariate analysis such as age, stage, distant
lymph nodes, and extranasal involvement. Therefore, we put
age, stage, distant lymph nodes, extranasal involvement and
ACD4Cs into the multivariate model. In multivariate Cox
analysis, low ACD4Cs maintained their prognostic value for
OS (HR, 2.992; 95% CI, 1.180 to 7.585; p=0.021) and PFS (HR,
2.761; 95% CI, 1.201 to 6.345; p=0.017) (Table 3).

Discussion
Immune function disorders have been observed in several
types of tumors. Both pathogenesis and prognosis have a significant correlation with the tumor microenvironment and
host immunity. The tumor microenvironment has been
shown to be a prognostic marker in certain types of lymphomas [17-20]. Regarding host immunity, several studies
correlating circulating immune populations of peripheral
blood cells with outcome in B-cell lymphoma have been
reported [13,14,21]. Patients with decreased numbers of CD4+
T cells showed inferior OS and PFS. A retrospective study of
127 FL patients revealed that low ACD4Cs were statistically
significantly associated with a worse PFS and shorter OS.
Evaluation of peripheral blood ACD4Cs could be a useful
indicator of outcome in previously untreated FL patients
[13]. Similarly, Zhang et al. [14] reported that both low
ACD4Cs and CD4/CD8 ratios were associated with unfavorable OS by univariate analysis. Low ACD4Cs were found to
be a significant predictor of unfavorable OS in patients with
MCL [14]. These data suggest that immune factors may play
an important role in the pathogenesis and progression of
these lymphomas.
In most previous ENKTL studies, the focus has been on
nonimmune factors. The prognostic models IPI, KPI, and
PINK, including factors such as age, stage, LDH, B symptoms, PS, lymph nodes, and non-nasal and extranodal
involvement are the most common models and mainly refer
to the patient’s status and the range of tumor involvement
[5,6,22]. Two studies concerning the role of the tumor
microenvironment in disease progression of ENKTL have
found that tumor-infiltrating lymphocyte subsets are important prognostic markers in ENKTL patients. Peng et al. [7]
concluded that higher number of CD4+ TILs, especially
CD4+Foxp3+ regulatory T (Treg) cells, was associated with
better OS and PFS. In addition, Kim et al. [23] investigated
the tumor microenvironment including Treg cells in 64
ENKTL cases. They found that patients with increased numbers of Treg cells showed prolonged OS and PFS by multivariate analysis, which was consistent with Peng et al.’s

conclusion [7] that an increased quantity of tumor-infiltrating
Treg cells was predictive of improved clinical outcomes in
ENKTL patients [24]. Thus, CD4+ T cells may play an important role in the pathogenesis and progression of ENKTL.
However, to the best of our knowledge, there was no data
on specific populations of circulating immune cells associated with clinical features and survival outcomes in ENKTL.
In ENKTL, previous studies of circulating immune cells
mainly focused on ALCs, which considered ALCs as a predictor of immune status. The decreasing ALCs as an indicator of pre-existing immune suppression is an unfavorable
prognostic index for ENKTL [9,10]. Because of high-level
expression of multidrug resistance P-glycoprotein on ENKTL
lymphoma cells, pegaspargase-based therapies were given
to untreated ENKTL patients in this study. Our findings
revealed that an ACD4C < 0.30109/L was associated with
adverse clinical characteristics and decreased survival, while
there was no correlation between ACD8Cs and survival.
Moreover, ACD4Cs were found to be an independent prognostic factor for both OS and PFS in multivariate regression
analysis that included age, stage, distant lymph nodes, extranasal involvement and ACD4Cs. In the study of Kwong et
al. [8], the immune checkpoint inhibitor pembrolizumab was
shown to reactivate effector T cells inducing T cell cytotoxicity in lymphoma cells, and has been shown to be efficacious
in the treatment of relapse/refractory ENKTL patients. Some
cases showed predominant CD3+CD4+ and CD3+CD8+ T cells
infiltrating into residual CD56+EBER+ tumor cells, in which
patients finally achieved metabolic complete remission [8].
In the present study, we demonstrated that decreasing
ACD4Cs were associated with shorter survival in patients.
Low ACD4Cs, predictive biomarker of inferior survival in
ENKTL patients, may be associated with the role that CD4+
T cells play in ENKTL. To our knowledge, ENKTL is an EBVpositive tumor related closely to immune functions [25]. The
main types of antitumor immune cells are CD4+ and CD8+ T
and NK cells. Because NK and CD8+ T cells can be neoplastic
cells in ENKTL, CD4+ T cells as non-neoplastic immune cells
may play an important antitumor role. Recent findings have
shown that CD4+ T cells comprise traditional T helper 1
(TH1), T helper 2 (TH2), Treg, and T helper 17 (TH17) cells,
each of them having a significant effect on the pathogenesis
of cancers. CD4+ T cells, especially TH1 cells, are the principal
immune weapons against tumors. Meanwhile, CD4+ T cells
can inhibit tumor progression via the production of tumor
necrosis factor, interferon (IFN), and interleukin (IL)-2. Moreover, CD4+ T cells can also enhance CD8+ T cell–mediated
antitumor immunity by recruiting activated CD8+ T cells to
the tumor through IFN and promoting CD8+ T cell proliferation and cytotoxic function through IL-2 [26,27]. Thus,
downregulation of the quantity and quality of CD4+ T cells
is an obstacle to antitumor immunity and limits the ability
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of CD4+ T cells to control and eliminate the tumor.
This study has some limitations. The role of CD4+ T cells
in ENKTL has not been sufficiently explored. With the aim
of further understanding the role of CD4+ T cells in ENKTL
patients, studies that investigate populations of CD4+ T cells
such as TH1, TH2, and Treg cells will be needed to confirm
the interactions of T cell subsets with tumor cells of ENKTL.
In addition, because host immunity undergoes constant
changes during treatment, peripheral T cell subsets during
and after chemotherapy should be analyzed.
In conclusion, host immunity plays a role in lymphoma
progression, the analysis of which may provide useful information for assessing prognosis. This retrospective study has
demonstrated that ACD4Cs could be an important predictor
of survival in ENKTL. It is possible that immune cells may
affect disease progression and may be important therapeutic
targets in ENKTL.
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Purpose
The purpose of this study was to identify novel plasma biomarkers for distinguishing
nasopharyngeal carcinoma (NPC) patients from healthy individuals who have positive
Epstein-Barr virus (EBV) viral capsid antigen (VCA-IgA).
Materials and Methods
One hundred seventy-four plasma cytokines were analyzed by a Cytokine Array in eight
healthy individuals with positive EBV VCA-IgA and eight patients with NPC. Real-time polymerase chain reaction, Western blotting, enzyme-linked immunosorbent assay (ELISA), and
immunohistochemistry were employed to detect the expression levels of macrophage
migration inhibitory factor (MIF) and CC chemokine ligand 3 (CCL3) in NPC cell lines and
tumor tissues. Plasma MIF and CCL3 were measured by ELISA in 138 NPC patients, 127
EBV VCA-IgA negative (VN) and 100 EBV VCA-IgA positive healthy donors (VP). Plasma EBV
VCA-IgA was determined by immunoenzymatic techniques.
Results
Thirty-four of the 174 cytokines varied significantly between the VP and NPC group. Plasma
MIF and CCL3 were significantly elevated in NPC patients compared with VN and VP. Combination of MIF and CCL3 could be used for the differential diagnosis of NPC from VN cohort
(area under the curve [AUC], 0.913; sensitivity, 90.00%; specificity, 80.30%), and combination of MIF, CCL3, and VCA-IgA could be used for the differential diagnosis of NPC from VP
cohort (AUC, 0.920; sensitivity, 90.00%; specificity, 84.00%), from (VN+VP) cohort (AUC,
0.961; sensitivity, 90.00%; specificity, 92.00%). Overexpressions of MIF and CCL3 were
observed in NPC plasma, NPC cell lines and NPC tissues.
Conclusion
Plasma MIF, CCL3, and VCA-IgA combination significantly improves the diagnostic specificity
of NPC in high-risk individuals.

Key words
Biomarkers, Macrophage migration inhibitory factor,
Chemokine CCL3, Nasopharyngeal carcinoma, Diagnosis,
Microarray
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Introduction
Nasopharyngeal carcinoma (NPC) is a malignant neoplasm of the head and neck, which is rare in most countries
but common in southern regions of China [1,2]. Epstein-Barr
virus (EBV) infection was strongly associated with NPC
development [3,4]; hence, the immunoglobulin antibody
against the EBV viral capsid antigen (VCA-IgA) and EBV
early antigen (EA-IgA) were used as common screening
markers for NPC [5]. As a substantial proportion of people
in the world have been infected with EBV, the traditional
screening biomarker VCA-IgA was not satisfactory for distinguishing NPC patients from high-risk individuals who
have positive anti-EBV antibodies [6,7], leading to unnecessary pathological examinations and mental stress for the
patients.
The combination of a number of antibodies against EBV
antigens, including VCA-IgA, EA-IgA, EBNA1-IgA, Zat-IgA,
and Rat-IgG, has been developed to improve the specificity
of diagnosis [8,9]. In addition, antibodies against EBV antigens combined with EBV DNA load in plasma were also
found to increase the specificity of NPC diagnosis [10,11].
However, the results of antibody tests alone have proven
insufficiently accurate to diagnose NPC. Additionally, EBV
DNA tests appear to be of limited value for diagnosing NPC
patients with early-stage disease and local recurrence [10,11].
All of these problems drive us to search for novel biomarkers
for increasing the specificity and positive predictive value
(PPV) of NPC diagnosis.
Apart from EBV-related biomarkers, numerous studies
have demonstrated that secreted proteins were up-regulated
in NPC tumor cells and may be additional biomarkers for
NPC diagnosis. Chang et al. [12] found that macrophage
inflammatory protein-3 was a novel serum marker for NPC
detection. Hsin et al. [13] reported that CXCL9 is a good
diagnostic marker for determining NPC. These studies suggested that biomarkers produced by NPC cells combined
with EBV-related biomarkers could improve the diagnostic
specificity for NPC. Protein microarray technology can detect
many components simultaneously, such as cytokines and
chemokines [14]. In this study, we used protein microarray
technology to identify potential plasma biomarkers for distinguishing NPC patients from healthy individuals with positive EBV antibodies. We identified macrophage migration
inhibitory factor (MIF) and CC chemokine ligand 3 (CCL3)
as novel markers, which were significantly elevated in the
plasma of NPC patients compared to healthy individuals
with positive EBV antibodies. MIF is a multi-functional
cytokine, which is associated with inflammation and tumorigenesis. Recently, MIF was reported to be highly expressed
in a number of tumors, including NPC, colorectal cancer and

lung cancer [15-17]. CCL3 is a cytokine belonging to CC subfamily, and is involved in diverse proinflammatory responses [18]. CCL3 was reported up-regulated in numerous
tumors, such as chronic myeloid leukemia and renal cell carcinoma [19,20]. Nevertheless, the diagnostic significance of
plasma MIF and CCL3 in human NPC has not yet been elucidated. Therefore, this study aimed to investigate the
plasma MIF and CCL3 levels in NPC patients and evaluate
their diagnostic efficiency compared with the traditional
NPC tumor marker VCA-IgA. We also demonstrated that
MIF and CCL3 may be complementary to VCA-IgA to
improve the specificity of NPC diagnosis.

Materials and Methods
1. Cell lines
The immortalized nasopharyngeal epithelial cell lines
NPEC1, NPEC2 [21], N5-Tert were cultured in KeratinocyteSFM (Invitrogen, Carlsbad, CA) media. The NPC cell lines
SUNE2, CNE1, S18, S26, 5-8F, and 6-10B were grown in
RPMI 1640 (Invitrogen) supplemented with 5% fetal bovine
serum. For the collection of supernatant of the cell lines, cells
were grown to approximately 80% confluence (approximately 5105) in 35-mm culture dishes, and then incubated in
2-mL serum-free media for 24 hours. Then, the conditioned
media were collected and centrifuged at 800 g for 5 minutes
to eliminate suspended cells. The collected cellular supernatant was stored at –80°C until use.
2. Plasma and tissue specimens
The plasma samples from 138 NPC patients (age, 15 to 69
years; median, 45 years; 100 males and 38 females) were collected at the time of diagnosis before any treatment at the
Sun Yat-sen University Cancer Center from 2011 to 2013. All
nasopharyngeal cancer patients received confirmed diagnoses by pathological examination. TNM stage was established based on the seventh edition of the International
Union for Cancer Control/American Joint Committee on
Cancer staging system for NPC. The patient characteristics
are described in Table 1. The 127 EBV VCA-IgA negative
healthy controls (VN) were all volunteers undergoing routine health examinations or individuals presenting with otolaryngological-related, non-neoplastic diseases (age, 17 to 75
years; median, 38 years; 59 males and 68 females) at the Sun
Yat-sen University Cancer Center. The 100 EBV VCA-IgA
positive healthy control (VP) samples were collected from
healthy donors with at the Physical Examination Center of
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Table 1. Levels of MIF, CCL3 and clinical characteristics in 138 untreated NPC patients
Charateristic
Age (yr)
< 45
 45
Sex
Female
Male
pT status
pT1-2
pT3-4
pN status
pN 0-1
pN 2-3
Overall stage
Stage I-II
Stage III
Stage IV

No. of patients

MIF (ng/mL)

p-valuea)

CCL3 (pg/mL)

p-valuea)

66
72

22.30 (4.78-62.62)
29.15 (2.99-69.86)

0.051

193.8 (90.18-489.7)
184.7 (96.88-503.3)

0.434

38
100

15.06 (3.45-69.86)
27.50 (2.99-62.63)

0.014

186.7 (90.18-369.6)
190.9 (96.88-503.3)

0.788

41
97

20.86 (2.99-62.63)
30.57 (3.45-69.86)

0.012

178.8 (90.18-375.7)
196.6 (100.9-503.3)

0.078

64
74

21.49 (3.45-62.62)
29.84 (2.99-69.86)

0.175

185.7 (97.56-489.7)
198.9 (90.18-503.3)

0.274

21
62
55

16.46 (4.78-62.62)
23.87 (2.99-62.63)
32.77 (4.47-69.86)

0.170

156.0 (97.56-263.5)
217.0 (96.88-503.5)
186.0 (90.18-428.6)

0.001

Values are presented as median (range). MIF, macrophage migration inhibitory factor; CCL3, CC chemokine ligand 3; NPC,
nasopharyngeal carcinoma. a)Kruskal-Wallis test; p < 0.05 was considered statistically significant.

the Sun Yat-Sen University Cancer Center (age, 21 to 88 years;
median, 42 years; 43 males and 56 females), and those healthy
donors were confirmed have non-neoplastic diseases in the
nasopharynx by naso-pharyngeal biopsy during the 5 years
of follow-up, subjects with the following conditions were not
included, history of inflammatory diseases, fever of unknown.
And all these were assessed by clinical history, physical
examination, routine laboratory tests. Plasma was extracted
after centrifugation at 3,000 rpm for 15 minutes and stored
at –80°C until use.
We used 20 formalin-fixed and paraffin-embedded NPC
tumor specimens for immunohistochemistry, and these samples were obtained at the Sun Yat-Sen University Cancer
Center from January of 2010 to November of 2011.
3. High-throughput plasma cytokine assay
A Human Cytokine Antibody Array (Series 2000, RayBiotech, Norcross, GA) was used to screen plasma biomarkers related to NPC, which analyzed 174 human cytokines
related to angiogenesis, immunity and tumor proliferation
pathways. Samples were analyzed according to the manufacturer’s instructions. Two replicates per antibody were
used to increase the accuracy, and the coefficient of variation
(CV) was less than 10%.
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4. Quantitative real-time PCR
The Trizol reagent (Invitrogen) was used to extract total
RNA from cell lines according to the manufacturer’s instructions. A reverse transcriptase kit (Invitrogen) was used to
synthesize cDNA from 2 µg of the total RNA.
The quantification of target and reference (-actin) genes
were performed on a LightCycler 480 II (Roche, Applied Science, Rotkreuz, Switzerland) using a SYBR green-based
assay (Bio-Rad, Hercules, CA). We used oligonucleotide
primers for detecting MIF, and CCL3 as follows: MIF, forward 5-CACAGTGCCCAGACCCTACAGC-3 and reverse
5-GCTTGCTGTAGGAGCGGTTCTG-3; CCL3, forward 5GCTCTCTGCAACCAGTTCTCTG-3 and reverse 5-TTCTGGACCCACTCCTCACTG-3; -actin, forward 5-GTGAAGGTGACAGCAGT-CGGT-3 and reverse 5-AAGTGGGGTGGCTTTTAGGAT-3. All the experiments were performed
in triplicate.
5. Western blotting analysis
Cellular proteins were separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis and transferred to
polyvinylidene difluoride membranes. Then, they are incubated with antibodies to MIF (1:1,000, ab65869, Abcam, Cambridge, MA), CCL3 (1:250, ab65869, Abcam), and -tubulin
(1:3,000, ab9781, Abcam) at 4°C overnight, then treated with
an horseradish peroxidaseconjugated secondary antibody.

Ning Xue, Plasma Biomarkers for Distinguishing NPC
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The expression of cytokines in GSE datasets
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GSE12452
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GSE53819
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MIF
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TIMP-2
VEGF-A
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2.50
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1.35
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1.66
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1.06
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4.98
1.22 Down
1.12 Down
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Fig. 1. Cluster analysis of antibody-based cytokine microarray in eight healthy individuals with positive Epstein-Barr virus
viral capsid antigen (S1-S8) and eight patients with nasopharyngeal carcinoma (NPC) (S9-S16). (A) The analysis shows that
34 cytokines divided healthy person from patients with NPC. (B) The fold change of 10 top up-regulated proteins from the
list of 34 potential markers. (C) The expression of cytokines in Dodd’s and Qian’s dataset.

6. Immunohistochemistry
Formalin-fixed, paraffin-embedded NPC sections were
incubated with rabbit polyclonal anti-MIF antibody (1:250,
Abcam) and rabbit polyclonal anti-CCL3 antibody (1:50,
Abcam) overnight at 4°C. After washing, a horseradish peroxidase-conjugated anti-rabbit secondary antibody was
added and sections were incubated at 37°C for 30 minutes.

The tissue sections were then developed with 3-diaminobenzidine tetrahydrochloride for 10 seconds, followed by counterstaining with 10% Mayer’s hematoxylin. The degree of
immunostaining was reviewed by two independent observers.
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Fig. 2. Expression of macrophage migration inhibitory factor (MIF) in nasopharyngeal carcinoma (NPC) plasma, NPC cell
lines, and NPC tumor tissues. (A) Determination by enzyme-linked immunosorbent assay of plasma baseline levels of MIF
in 25 viral capsid antigen (VCA-IgA) negative (VN), 15 VCA-IgA positive (VP), and 40 patients of NPC. Inbox bares show
median levels for each cytokine of each group of person. The levels of mRNA and protein in the immortalized nasopharyngeal epithelial cell lines (NPEC1, NPEC2, and N5-Tert) and NPC cell lines were determined by real-time polymerase chain
reaction (B) and Western blotting (D). Expression level was normalized by -actin and -tubulin, respectively. Error bars
represent standard deviations (SD) calculated from three parallel experiments. (C) The level of MIF in supernatant was measured by enzyme-linked immunosorbent assay. (Continued to the next page)

7. Enzyme-linked immunosorbent assay
Plasma MIF and CCL3 levels in tested samples were
determined using the RayBiotech sandwich enzyme-linked
immunosorbent assay (ELISA) kits according to the manufacturer’s instructions (RayBiotech Systems). Briefly, we add
100 µL/well of test plasma or standard into 96-well plates
and incubated them for 2.5 hours. Subsequently, 100 µL/well
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of the biotinylated antibody solution was added and incubated for 1 hour. Next, 100 µL/well of Streptavidin solution
was added and incubated for 45 minutes. Finally, 100 µL/
well of TMB One-Step Substrate Reagent was added, and the
reaction was stopped by addition of stop solution; the
absorbance was measured at 450 nm. Each test included a
standard control (CV < 10%).

Ning Xue, Plasma Biomarkers for Distinguishing NPC
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Fig. 2. (Continued from the previous page) (E) The normal nasopharyngeal epithelial tissue showed lower or no expression of
MIF. Low, medium, and high expression of MIF were showed in the NPC tissues.

8. Immunoenzymatic assay of plasma EBV VCA-IgA

10. Ethical statement

Plasma EBV titers were determined with the IEA method
supplied by the Shanghai Institute of Biological Products
according to the manufacturer’s protocol [8]. B95 cell lines
were prepared for VCA-IgA antibody on glass slides, the test
plasma at a dilution of 1:10 was applied, and this was followed by 2-fold serial dilutions. The antibody titer of test
plasma was the reciprocal of the highest dilution showing
brown within 15% of the cells. The levels of EBV VCA-IgA
were determined by titration, with cut-off values set at 1:40.

Prior to use of these plasma and tissues, informed consent
was obtained from each of the participants. All patients provided written informed consent. This experiment was
approved by the Institute Research Ethics Committee of the
Cancer Center of Sun Yat-Sen University, Guangzhou,
China.

9. Statistical analysis
All statistical analyses were performed using SPSS ver. 20.0
(IBM Corp., Armonk, NY); Mann-Whitney U tests were used
to analyze the relationships between the expression of protein and the clinicopathological features, and the MIF and
CCL3 levels were expressed as median and 95% confidence
interval. Kruskal-Wallis tests were used to analyze the differences of MIF and CCL3 concentration among more than
two groups. The efficacy of MIF and CCL3 were evaluated
by area under the curve (AUC). The cut-off value for MIF
and CCL3 were defined as the value with the maximization
of Yuden index. Furthermore, sensitivity, specificity, PPV,
and negative predictive value were used to compare the
efficiency of diagnosis among MIF, CCL3, and VCA-IgA. All
statistical tests were two-sided, and p-value less than 0.05
was considered statistically significant.

Results
1. Identification of potential NPC plasma markers
The levels of 174 cytokines in plasma samples from eight
VP and eight VP NPC patients were detected by Human
Cytokine Antibody Array 2000 (S1 Fig.). Thirty-four of the
174 cyto-kines were significantly different between the two
groups (p < 0.05) (Fig. 1A). These cytokines were associated
with angiogenesis, tumor growth, tumor migration and
tumor immunity. We first selected 10 top up-regulated proteins (MIF, SELE, PDGFAB, CCL24, TIMP-2, VEGF-A, CCL1,
CCL3, CCL17, and PDGFAA) from the list of Thirty-four
potential markers (The fold change and p-value were shown
in Fig. 1B). To confirm the array data, the ten protein were
tested by two publically available microarray GEO datasets
(GSE12452 and GSE53819), MIF and CCL3 were significantly
increased in GSE12452 and GSE53819 (Fig. 1C), and the detail
data was shown in S2 Fig.
VOLUME 51 NUMBER 1 JANUARY 2019

383

Cancer Res Treat. 2019;51(1):378-390

A

B

p < 0.001

600

2e-004

p < 0.001

400

CCL3 mRNA

CCL3 (pg/mL)

1.8e-004

200

1e-005
8e-006
2e-006
1e-006

S1
8

CN
E1

10
B
6-

58F

C2
NE
PC
1
N5
-T
er
t

NE
P

VP

VN

S2
6
SU
NE
1

0

NP
C

0

C

D

200
CCL3

S1
8

100

58F
610
B
CN
E1

α-tubulin

NE
PC
2
NE
PC
N5 1
-T
er
t
S2
6
SU
NE
1

CCL3 (pg/mL)

150

50

S1
8

CN
E1

10
B
6-

58F

S2
6
SU
NE
1

rt

N5
-T
e

C1

NE
P

NE
P

C2

0

Fig. 3. Expression of CC chemokine ligand 3 (CCL3) in nasopharyngeal carcinoma (NPC) plasma, NPC cell lines, and NPC
tumor tissues. (A) Determination by enzyme-linked immunosorbent assay (ELISA) of plasma baseline levels of CCL3 in 25
viral capsid antigen (VCA-IgA) negative (VN), 15 VCA-IgA positive (VP), and 40 patients of NPC. Inbox bares show median
levels for each cytokine of each group of person. The levels of mRNA and protein in the immortalized nasopharyngeal
epithelial cell lines (NPEC1, NPEC2, and N5-Tert) and NPC cell lines were determined by real-time polymerase chain reaction
(B) and Western blotting (D). Expression level was normalized by -actin and -tubulin, respectively. Error bars represent
standard deviations calculated from three parallel experiments. (C) The level of CCL3 in supernatant was measured by
ELISA. (Continued to the next page)

2. Overexpression of MIF and CCL3 in NPC plasma, cells,
and tumor tissues
MIF was selected for further validation in 25 VN, 15 VP
and 40 patients with NPC. The MIF protein levels was significantly higher in the NPC cohort than VN (p < 0.001) or
VP (p < 0.001) (Fig. 2A). Real-time reverse transcriptase-polymerase chain reaction (RT-PCR), ELISA, and Western blotting were employed to detect mRNA and protein levels of

384

CANCER RESEARCH AND TREATMENT

MIF in several NPC cell lines (CNE1, SUNE2, S18, S26, 6-10B,
and 5-8F) and immortalized nasopharyngeal epithelial cell
lines (NEPC1, NEPC2, and N5-tert) respectively. Compared
with the immortalized cell lines, most tumor cell lines exhibited both of higher MIF (Fig. 2A-C). Taken together, our data
indicates that MIF was frequently up-regulated in NPC.
To further investigate the exact expression state of MIF in
vivo, the protein levels of MIF was determined by immunohistochemistry. MIF protein was highly expressed in the
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Fig. 3. (Continued from the previous page) (E) The normal nasopharyngeal epithelial tissue showed lower or no expression of
CCL3. Low, medium, and high expression of CCL3 were showed in the NPC tissues.

tumor cells and detected in 16 of 20 NPC samples (80%).
Moreover, the normal nasopharyngeal epithelium samples
showed lower or no expression of MIF (a and b in Fig. 2E).
The positive staining signals were observed within the cytoplasm of tumor cells. We observed various levels of MIF protein in tumor cells: low (c and d in Fig. 2E), medium (e and f
in Fig. 2E) and high (g and h in Fig. 2E).
CCL3 was also selected for further validation in 25 VN, 15
VP, and 40 NPC, the same observations were made for CCL3
plasma (Fig. 3A). And CCL3 was detected in NPC cell lines
by RT-PCR (Fig. 3B), ELISA (Fig. 3C), and Western blotting
(Fig. 3D), our data indicates that CCL3 was up-regulated in
NPC. CCL3 was highly expressed in tumor cells and detected
in 18 of 20 NPC patients (90%). And CCL3 was up-regulated
in NPC tissues (c-h in Fig. 3E) compared with normal
nasopharyngeal epithelium (a and b in Fig. 3E).
3. Plasma MIF and CCL3 levels in NPC and the association
of MIF and CCL3 levels with clinicopathological characteristics
The plasma levels of MIF and CCL3 in the VN (n=127), VP
(n=100), and patients with NPC (n=138) are presented in
Fig. 4A and B. The plasma levels of MIF in patients with NPC
were significantly higher than VN (p < 0.001) and VP (p <
0.001), the plasma levels of MIF in VP were significantly
higher than VN (p < 0.001), and the mean levels of MIF were
6.08 ng/mL (range, 0.84 to 40.22 ng/mL) in VN, 11.74 ng/mL
(range, 1.98 to 62.60 ng/mL) in VP, and 25.04 ng/mL (range,
2.99 to 69.86 ng/mL) in patients with NPC (Fig. 4A). Similarly, CCL3 levels in patients with NPC were significantly

higher than VN (p < 0.001) and VP (p < 0.001), the CCL3 levels in VP were significantly higher than VN (p=0.004)
(Fig. 4B), and the mean levels of CCL3 were 69.25 pg/mL
(range, 14.93 to 335.80 pg/mL) in VN, 97.28 pg/mL (range,
23.09 to 382.10 pg/mL) in VP, and 189.0 pg/mL (range, 90.18
to 503.30 pg/mL) in patients with NPC (Fig. 4B).
The relationship among the plasma levels of MIF, CCL3
and the clinicopathological parameters are presented in
Table 1. The levels of MIF had a significant association with
sex (p=0.014) and T classification (p=0.012) but not with age,
N classification or overall stage. Associations between CCL3
and the clinic characteristics were not significantly, with the
exception of overall stage (p=0.001).
4. Diagnostic significance of individual plasma MIF, CCL3
and VCA-IgA or combinations for NPC patients
We aimed to evaluate the specificity, the appropriate cutoffs for MIF and CCL3 were obtained when the sensitivity
achieved 90% (Table 2). In Fig. 5A, we show that the AUC of
MIF and CCL3 for distinguishing NPC from the VN cohort
were 0.843 (95% CI, 0.797 to 0.888) and 0.874 (95% CI, 0.829
to 0.919), respectively. The AUC was 0.913 (95% CI, 0.878 to
0.947) when combination of MIF and CCL3, and the combination achieved higher specificity (80.30%) compared with
MIF (57.50%) and CCL3 (73.20%) (Fig. 5A). The AUC values
of plasma MIF, CCL3, and VCA-IgA in discriminating the
NPC patients from VP cohort were 0.732 (95% CI, 0.669 to
0.796), 0.824 (95% CI, 0.769 to 0.879), and 0.736 (95% CI, 0.668
to 0.805), respectively. The combination of MIF, CCL3, and
VCA-IgA, AUC 0.905 (95% CI, 0.863 to 0.947), exhibited a
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Fig. 4. The plasma concentration of macrophage migration inhibitory factor (MIF) and CC chemokine ligand 3 (CCL3) in
the test cohort. Plasma levels of MIF (A) and CCL3 (B) were measured in viral capsid antigen (VCA-IgA) negative
cohort, VCA-IgA positive cohort and NPC patient. Bottom, MIF and CCL3 plasma levels in different groups. p-value was
obtained by Kruskal-Wallis test.

Table 2. Diagnostic performance of MIF, CCL3, and VCA-IgA for the differential diagnosis of NPC
Optimal
cut off
point
VN vs. NPC
MIF
CCL3
MIF+CCL3
VP vs. NPC
MIF
CCL3
VCA-IgA
MIF+CCL3+VCA-IgA
(VN+VP) vs. NPC
MIF
CCL3
VCA-IgA
MIF+CCL3+VCA-IgA

Sensitivity Specificity PPV
(%)
(%)
(%)

NPV
(%)

Positive
likelihood
ratio

Negative
likelihood AUC
ratio

95% CI

7.35 ng/mL
116.42 pg/mL
0.392

90.00
90.00
90.00

57.50
73.20
80.30

69.83
78.62
83.33

84.88
87.74
88.70

2.132
3.381
4.599

0.221
0.128
0.117

0.843
0.874
0.913

0.797-0.888
0.829-0.919
0.878-0.947

7.38 ng/mL
117.22 pg/mL
1:40
0.538

90.00
90.00
90.00
90.00

37.00
62.00
43.00
84.00

66.49
76.69
68.85
88.65

74.00
82.67
78.18
86.60

1.438
2.384
1.602
5.662

0.254
0.152
0.202
0.112

0.732
0.824
0.736
0.920

0.669-0.796
0.769-0.879
0.668-0.805
0.881-0.958

7.38 ng/mL
117.83 pg/mL
1:40
0.551

90.00
90.00
90.00
90.00

47.30
68.60
77.53
92.00

51.02
63.78
71.19
87.41

89.17
92.31
93.62
94.14

1.719
2.885
4.063
11.325

0.199
0.137
0.112
0.102

0.782
0.852
0.881
0.961

0.735-0.829
0.814-0.889
0.846-0.917
0.942-0.980

MIF, macrophage migration inhibitory factor; CCL3, CC chemokine ligand 3; VCA-IgA, viral capsid antigen; NPC, nasopharyngeal carcinoma; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve; CI, confidence
interval.
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Fig. 5. Diagnosis efficacy of macrophage migration inhibitory factor (MIF), CC chemokine ligand 3 (CCL3), and viral capsid
antigen (VCA-IgA) in the diagnosis of nasopharyngeal carcinoma (NPC). (A) Receiver operating characteristic (ROC) curves
for diagnosing NPC from VCA-IgA negative (VN) cohort (MIF: area under the curve [AUC], 0.843; CCL3: AUC, 0.874;
MIF+CCL3: AUC, 0.913). (B) ROC curves for diagnosing NPC from VCA-IgA positive (VP) cohort (MIF: AUC, 0.732; MIF:
AUC, 0.824; VCA-IgA: AUC, 0.736; MIF+CCL3+VCA-IgA: AUC, 0.920). (C) ROC curves for the diagnostic strength to identify
NPC from (VN+VP) using MIF, CCL3 and VCA-IgA (MIF: AUC, 0.782; MIF: AUC, 0.852; VCA-IgA: AUC, 0.881; MIF+CCL3+
VCA-IgA: AUC, 0.961).

higher specificity (84%) than MIF (37%), CCL3 (62%), and
VCA-IgA (43%) (Fig. 5B). The AUC of plasma MIF, CCL3,
VCA-IgA, and combination of the three markers in discriminating the NPC patients from (VN+VP) cohort were 0.782
(95% CI, 0.735 to 0.829), 0.852 (95% CI, 0.814 to 0.889), 0.881
(95% CI, 0.846 to 0.917), and 0.961 (95% CI, 0.942 to 0.980),

respectively (Fig. 5C). And the combination achieved a better
specificity (90.90%) than MIF (47.30%), CCL3 (68.60%), and
VCA-IgA (77.53%). In addition, the PPV of the combination
were also higher than that of MIF, CCL3, and VCA-IgA in
VN vs. NPC, VP vs. NPC, and (VN+VP) vs. NPC. In conclusion, our findings suggested that the combination of MIF,
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CCL3, and VCA-IgA could improve the specificity and PPV
of NPC diagnosis.

Discussion
The development of NPC is closely associated with genetic
susceptibility, environmental factors and EBV infection [22].
At present, the gold standard of NPC diagnosis depends on
a biopsy of the suspected tumor site with the aid of nasopharyngeal endoscopy, followed by histopathologic assessment.
However, nasopharyngeal biopsy sampling is invasive and
painful. So, detection of antibodies against EBV antigens,
such as VCA-IgA, is currently used for serological screening
for NPC. These EBV-related markers were proved to be sensitive for detecting incident NPC; however, the specificity
and PPV of these markers are considered relatively low [22].
The low specificity and PPV might be due to the large number of subjects in the world that have been infected with EBV,
as EBV antibodies may present in circulation for a long time.
Driven by the demand for accurate diagnosis of NPC, other
non-EBV related biomarkers of NPC are needed to improve
the diagnostic specificity.
In this study, we included healthy individuals with positive EBV VCA-IgA as well as NPC patients and screened
their plasma samples with a protein array assessing 174
cytokines. Thirty-four potential markers that significantly
clustered both groups of patients were identified. Quantitative analysis by ELISA of those proteins in 25 VN, 15 VP, and
40 patients of NPC confirmed that MIF and CCL3 levels in
NPC patients were significantly different from those in the
VP cohort (p < 0.001) and the VN cohort (p < 0.001). Moreover, we confirmed that MIF and CCL3 were up-regulated
at the protein and RNA levels in NPC cell lines and tumor
tissues. In addition, MIF and CCL3 expression were observed mostly within the cytoplasm of tumor cells but not in
normal nasopharyngeal epithelia.
MIF is a proinflammatory cytokine produced by macrophages and cancer cells [23]. Tumor-derived MIF has been
shown to promote the growth of NPC cells though the MIF/
CXCL8/CXCR2 axis. Increased expression of MIF in NPC
cells also contributes to angiogenesis by inducing upregulation of interleukin-8 expression in an autocrine EBV-independent pathway, and induces cell invasion and metastasis
of NPC [24]. Thus, it is associated with poor prognosis of
patients with NPC [25]. These studies supported the idea that
MIF played important roles in the development of NPC.
Although various studies on MIF roles in NPC have been
performed, the potential diagnostic value of plasma MIF in
NPC has not been reported. Plasma MIF has been investi-
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gated as a tumor marker in a number of cancers, such as colorectal cancer, gastric cancer and oral squamous cell carcinoma [16,26]. CCL3 belongs to the cytokines family and are
produced by many cells, especially from monocytes, macrophages, T and B lymphocytes, neutrophils, dendritic cells,
astrocytes, osteoblasts, eosinophils, basophils, fibroblasts,
and natural killer cells [18]. Cancer cells interact directly and
indirectly with host inflammatory cells, and this tumorassociated inflammatory response may lead to an alteration
in cancer cell biology by up-regulation of cytokines and
inflammatory mediators, such as tumor necrosis factor,
interleukin-1/, interleukin-2, interferon (IFN)-7, IFN-, and
these cytokines are trigger the production of CCL3 production [27]. Three receptors CCR1, CCR4, and CCR5 were
reported for CCL3. Horuk [28] reported that the receptors
CCR5 and CXCR4 as important co-receptors for HIV-1 infection on CD4+ target cells. Yuan et al. [29] reported that CCL3
along with its receptor CCR1, through Ca+ ion channels promoted the migration of malignant hepatoma cells. It show us
that CCL3 played a significant role in hepatocellular carcinoma invasion and metastasis. CCL3 facilitates the migration
of hepatoma by changing the concentration intracellular Ca+,
the CCL3-CCR1 axis may play an important role in HCC
invasion and metastasis [29]. Our study aimed to explore
their utility as a tumor marker in NPC.
To avoid bias and assessment of the potential diagnostic
value of MIF and CCL3 in NPC with more accuracy, we
increased the number plasma samples. Similar to the preliminary study, the levels of plasma MIF and CCL3 in the NPC
cohort were also significantly higher than that of the VP
cohort and VN cohort, and the AUC of MIF for diagnosing
NPC from VN, VP, and (VN+VP) were 0.843, 0.732, and
0.782, the AUC of CCL3 for diagnosing NPC from VN, VP,
and (VN+VP) were 0.874, 0.824, and 0.852. Combination of
MIF and CCL3 could be used for the differential diagnosis
of NPC from VN cohort (sensitivity 90.00%/specificity 80.30%),
combination of MIF, CCL3, and VCA-IgA could be used for
diagnosis of NPC from VP cohort (sensitivity 90.00%/specificity 84.00%), from (VN+VP) cohort (sensitivity 90.00%/
specificity 92.00%). Moreover, the combination scheme
increased the PPV for NPC detecting, suggesting that the
combination of MIF, CCL3, and VCA-IgA could differentiate
NPC patients from VN, VP, and (VN+VP) individuals more
accurately.
In this study, there was no correlation between plasma
MIF concentration and patients’ disease characteristics,
except for sex (p=0.014) and T classification (p=0.012). Associations between CCL3 and the clinic characteristics were not
significantly, with the exception of overall stage (p=0.001).
This study is the first to suggest that MIF and CCL3 may represent a potential non-EBV plasma markers for the diagnosis
of NPC. Moreover, the results revealed that the combined
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detection of MIF, CCL3, and VCA-IgA could increase the
specificity for the serological screening and diagnosis of
NPC. This test might be useful to reassure high-risk family
members that they are not at an elevated risk of NPC within
the next few years.
In conclusion, the present study measured the protein levels of MIF in combination with the CCL3 chemokine in
plasma for the first time. We have found that plasma MIF
and CCL3 were significantly elevated in NPC patients and
identified plasma MIF and CCL3 as a promising and potential complementary biomarkers to VCA-IgA for more effective detection of NPC. The combination of MIF, CCL3 with
the traditional NPC tumor marker VCA-IgA may significantly improve the specificity of detection of NPC. Although
further analysis of more patients is needed to verify these
results, this inexpensive, rapid and accessible method poten-

tially elevates the diagnostic efficiency of NPC from highrisk individuals who have positive VCA-IgA.
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NFATC3–PLA2G15 Fusion Transcript Identified by
RNA Sequencing Promotes Tumor Invasion and Proliferation in
Colorectal Cancer Cell Lines
Purpose
This study was designed to identify novel fusion transcripts (FTs) and their functional significance in colorectal cancer (CRC) lines.
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Materials and Methods
We performed paired-end RNA sequencing of 28 CRC cell lines. FT candidates were identified
using TopHat-fusion, ChimeraScan, and FusionMap tools and further experimental validation
was conducted through reverse transcription-polymerase chain reaction and Sanger
sequencing. FT was depleted in human CRC line and the effects on cell proliferation, cell
migration, and cell invasion were analyzed.
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Results
One thousand three hundred eighty FT candidates were detected through bioinformatics
filtering. We selected six candidate FTs, including four inter-chromosomal and two intrachromosomal FTs and each FT was found in at least one of the 28 cell lines. Moreover,
when we tested 19 pairs of CRC tumor and adjacent normal tissue samples, NFATC3–
PLA2G15 FT was found in two. Knockdown of NFATC3–PLA2G15 using siRNA reduced
mRNA expression of epithelial–mesenchymal transition (EMT) markers such as vimentin,
twist, and fibronectin and increased mesenchymal–epithelial transition markers of E-cadherin, claudin-1, and FOXC2 in colo-320 cell line harboring NFATC3–PLA2G15 FT. The
NFATC3–PLA2G15 knockdown also inhibited invasion, colony formation capacity, and cell
proliferation.
Conclusion
These results suggest that that NFATC3–PLA2G15 FTs may contribute to tumor progression
by enhancing invasion by EMT and proliferation.

Key words
Colorectal neoplasms, Fusion transcript, RNA-sequencing,
NFATC3, PLA2G15
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Introduction

Materials and Methods

Colorectal cancer (CRC) is the third most common cancer
diagnosis, and is the leading cause of cancer-related death
worldwide [1]. However, because existing therapies can be
toxic, more specific therapeutic regimens, such as targeted
agents, have been sought to improve the outcomes and quality of life of patients with CRC [2]. To do so, many studies
are underway to discover new targets for targeted therapy
through genome analysis.
Fusion transcripts (FTs) were recently reported to produce
feasible drug targets, which implies that detection of FTs
could be a plausible diagnostic and/or treatment strategy for
some malignancies [3-6]. Characterization of specific FTs in
cancers has led to the identification of several successful therapeutic targets, such as BCR–ABL1 [7]. FTs are a class of
genetic alterations that result from chromosomal rearrangements [8]. FTs that result in tumorigenesis are potential drug
targets in several cancers [9]. Many tyrosine kinase rearrangements occur in epithelial cancers, including anaplastic
lymphoma kinase (ALK), proto-oncogene tyrosine-protein
kinase ROS (ROS1), ret proto-oncogene (RET), neurotrophic
tyrosine kinase, receptor, type 1 (NTRK1), fibroblast growth
factor receptors (FGFR), AXL receptor tyrosine kinase (AXL),
and platelet-derived growth factor receptor, alpha polypeptide (PDGFRA) [10]. Among these tyrosine kinase fusions
transcripts, the echinoderm microtubule-associated proteinlike 4 ALK (EML4–ALK) fusion, which was discovered in
non-small-cell lung cancer (NSCLC) [11], has been targeted
by crizotinib for NSCLCs that harbor the EML4–ALK fusion
gene [12].
Of the many FTs that have been discovered in CRC thus
far, almost all, including VTI1A–TCF7L2 [13], PTPRK–RSPO3
[14], and TCF7L2–RP11–57H14.3 [15], affect the Wnt signaling pathway. Many FTs have been discovered in CRC,
including AKAP13–PDE8A, COMMD10–AP3S1, SLC39A14–
TSPAN15, NCOA3–SPINT1, GRIN2B–CYP4F3, PRMT1–FLT3LG, and VNN1–AB [16,17]. However, with the exception of
VTL1A–TCF7L2 and PTPRK–RSPO3, their functions have not
been studied. As with other FTs in diverse tumors, the identification of FTs in CRC could provide new insights about
this disease.
Here, we conducted paired-end RNA sequencing to discover novel FTs in CRC cell lines. NFATC3–PLA2G15 FT was
also detected in CRC tumor tissue. We conducted experiments aimed at a functional study of the NFATC3–PLA2G15
FT. We observed that NFATC3–PLA2G15 FT was involved in
the regulation of invasion, anchorage-independent features,
and cell proliferation in CRC cell lines.

1. Cell lines and culture
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Human CRC cell lines (colo-201, colo-205, colo-320, HCT15, HCT-116, HT-29, Lovo, LS174T, SNU-61, SNU-70, SNU81, SNU-175, SNU-254, SNU-283, SNU-407, SNU-977, SNU1033, SNU-1181, SNU-1235, SNU-1411, SNU-1544, SNU1684, SNU-C1, SNU-C2A, SNU-C4, SNU-C5, SW-403, and
SW-480) were purchased from the Korean Cell Line Bank
[18]. All cell lines were cultured in RPMI1640 (Hyclone Laboratories, Ind., Logan, UT), supplemented with 10% fetal
bovine serum, at 37°C in humidified 5% CO2.
2. Paired-end RNA sequencing and fusion analysis
Total RNA was extracted from each cell line using an
RNeasy mini kit (Qiagen, Valencia, CA). The mRNA was isolated from 1 µg of total RNA using the NEBNext Poly mRNA
Magnetic Isolation Module. The cDNA library was prepared
from mRNA using the NEBNext Ultra RNA Library Prep Kit
for Illumina (NEB) and sequenced using the Illumina HiSeq
2500 platform (2150 bp).
Next-generation sequencing reads were analyzed with
three fusion detection tools including TopHat-fusion,
ChimeraScan, and FusionMap. TopHat-fusion (v.2.0.9) analysis was performed using Bowtie (v.1.0.1) with fusionsearch option and default parameters. ChimeraScan (v.0.4.5)
and FusionMap (2013-07-30) were also performed using
default parameters. All of the programs used hg19 (GRCh37)
and RefGene as reference genome and gene model, respectively. From all of the results analyzed using the three tools,
we obtained fusions with four or more supporting reads for
further analysis.
3. Human colon cancer tissues
We obtained 19 human colon adenocarcinoma tissues and
matched normal tissues from the tissue bank of Seoul
National University Hospital (Seoul, Korea). After resection,
the tissues were immediately frozen in liquid nitrogen and
stored until needed.
4. Reverse transcriptase-polymerase chain reaction and
quantitative real-time polymerase chain reaction
Total RNA was extracted from each cell line for transcriptome sequencing using an RNeasy mini kit (Qiagen) according to the manufacturer’s instructions. The cDNA was synthesized from total RNA (1 µg) using ImProm-II reverse transcriptase (Promega, Madison, WI) and amplified by reverse
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transcriptase–polymerase chain reaction (RT-PCR) using
AmpliTaq Gold DNA polymerase (Applied Biosystems, Foster City, CA) with buffer supplied by the manufacturer and
gene/fusion junction-specific primers. For quantitative realtime RT-PCR (qRT-PCR), cDNA was amplified using Premix
Ex Taq (TaKaRa, Shiga, Japan) with SYBR Green I (Molecular
Probes, Eugene, OR) using a StepOnePlus Real-Time PCR
system (Applied Biosystems).
5. Sanger sequencing
Sanger-sequencing reactions were conducted in both forward and reverse reactions. NFATC3–PLA2G15 FT junction
was amplified using the following forward (F): GTGTGATCCAGCGTCATTT and reverse (R): AGTAGGGCCCGTTTTCATTT primers. Sequencing was carried out by
Macrogen Inc. (Seoul, Korea).

9. Invasion assay
3105 colo-320 cells were stably transfected with si-control
and si-NFATC3-PLA2G15 and 3104 cells were seeded on the
Matrigel-coated membrane matrix (BD Biosciences, San Jose,
CA) insert well according to manufacturer’s instructions
after 48 hours. Media containing 20% FBS was added as a
chemoattractant to the wells of the Matrigel invasion chamber for 24 hours. The following day, the cells were fixed for
10 minutes in 3.7% paraformaldehyde and the insert was
washed with phosphate-buffered saline (PBS). Crystal violet
(0.1%) was added to the insert for 10 minutes and washed
twice with PBS, and then with water. A cotton swab was
used to remove any non-invading cells and the insert was
washed again. The number of invading cells was imaged
using a microscope equipped with a digital camera.
10. Cell proliferation assay

6. IGV data analysis
The IGV program (version IGV_2.3.32) was downloaded
from https://www.broadinstitute.org/igv/. After loading
the BAM file from the RNA-sequencing raw data, the 3
position of NFATC3 and the 5 position of PLA2G15 were
analyzed.

Colo-320 cells were plated in completed growth media in
60 mm dishes (7105 cells per dish) and treated with
si_NFATC3-PLA2G15 and si_control on the following day.
Cell numbers were counted using a hemocytometer for 4
days in a time-dependent manner. Three independent experiments were performed, and the results averaged.

7. Small interfering RNA knockdown

11. Western blotting

The siRNAs used in this study, including the control
siRNA (si-CONTROL) with scrambled sequences, were synthesized by Genolution Pharmaceuticals, Inc. (Seoul, Korea).
The siRNA sequences used against the NFATC3–PLA2G15
FT were 5-GAUGAUGUCCCUGGUGAUUUU-3’ (sense)
and 5-AAUCACCAGGGACAUCAUCUU-3 (antisense),
which targeted the FT breakpoint. Each cell line was treated
with siRNA (50 nM) for 48 hours. Lipofectamine 2000 (Invitrogen, Carlsbad, CA) was used for transfection, according to
manufacturer’s instructions.

Cultured cells were washed with ice-cold PBS and lysed
with lysis buffer (50 mM Tris-HCl [pH 7.5], 1% NP-40, 0.1%
sodium deoxycholate, 150 mM NaCl, 50 mM NaF, 1 mM
sodium pyrophosphate, 1 mM EDTA, and protease/phosphatase inhibitors). Sodium dodecyl sulfate polyacrylamide
gel electrophoresis was used to resolve 20 µg of total protein.
The resolved proteins were then transferred to nitrocellulose
membranes. After blocking with 1% skim milk and 1%
bovine serum albumin/Tris-buffered saline with Tween 20,
the membranes were incubated with primary antibodies at
4°C overnight. Antibody against cyclin D were purchased
from Cell Signaling Technology (Beverley, MA). Antibodies
against vimentin, E-cadherin, cyclin E, and p27 were purchased from Santa Cruz Biotechnology (Santa Cruz, CA). An
anti--actin antibody was acquired from Sigma-Aldrich (St.
Louis, MO).

8. Soft agar assay
Noble agar (Difco, HR, India), which was prepared by
combining 1.5 mL of 0.5% agar in RPMI1640 with 20% fetal
bovine serum (FBS), was solidified in the bottom of each well
of a 6-well plate. On the next day, si_NFATC3-PLA2G15
fusion and control transfected cells (1104) in RPMI1640 with
20% FBS media were mixed with 0.4% agarose and overlaid
onto the bottom agar. The plates were then incubated in a 5%
CO2 incubator at 37°C. After 3 weeks, colonies were counted
under a microscope and numbers of colonies from triplicate
wells were averaged. Colonies were imaged using a microscope equipped with a digital camera.

12. Statistics
Statistical significance of the results was calculated using
an unpaired Student’s t-test, with a SigmaPlot program. p <
0.05 was considered significant.
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28 Colon cancer cell lines

RNA-sequencing
No. of supporting reads ≥ 4
1,380 Gene fusions
Targeted gene filtering
27 Gene fusions
In-frame filtering
6 Gene fusions
Tumor specific fusion
NFATC3–PLA2G15

Fig. 1. A schematic of the fusion candidate filtering process.

produced by using the TopHat-fusion, ChimeraScan, and
FusionMap tools, for a total of 1,380 candidates with at least
four spanning read counts at each of the tools.
We followed a targeted approach to filter the 1,380 gene
fusions that contained Wnt signaling pathway-related genes
and kinase domains for target gene selection. First, we
obtained the list of Wnt signaling pathway-related genes
from the Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway because activation of the Wnt signaling
pathway is a critical event in the development of CRC. Second, we composed a list of the genes from DAVID that
included a kinase domain, which could be a biomarker for a
therapeutic target.
In the targeted filtering step, 139 WNT-related genes and
11 genes with kinase domains were selected as FT candidates. After targeted filtering, 27 FTs remained. We removed
21 gene fusions because they did not have in-frame sequences where the two genes were fused (Fig. 1). Finally, four
intra-chromosomal FTs (PPP2CA–SKP1, CTNNBIP1–CLSTN1,
AKAP13–PDE8A, and NFATC3–PLA2G15) and two inter–
chromosomal FTs (FZD2–RPS24 and KRT8–PKM2) remained
(Table 1).

13. Ethical statement
2. Validation of FTs in cell lines and tumor tissues
This study protocol was approved by the institutional
review board of Seoul National University Hospital (IRB protocol number: H-1305-587-490). Informed consent had been
obtained from each patient prior to surgery.

Results
1. Paired-end sequencing and identification of FTs
To discover novel gene fusions in CRC, we performed
paired-end RNA sequencing using 28 CRC cell lines. Average depth of RNA-sequencing data was 154 and median
depth was 146. Statistics of each RNA-sequencing data was
indicated in S1 and S2 Table. The list of FT candidates was

In the validation step, each of six FTs—PPP2CA–SKP1,
CTNNBIP1–CLSTN1, AKAP13–PDE8A, NFATC3–PLA2G15,
FZD2–RPS24, and KRT8–PKM2—were detected in HCT-15,
SNU-81, SW-480, colo-320, HCT-15, and SNU-1235, respectively (Fig. 2A). We next examined the frequency of the FTs
in tumor tissues and matched normal tissues. Only NFATC3–
PLA2G15 FT was detected in two out of 19 (10.5%) tumor
samples, but not in matched normal tissues, which implies
that NFATC3–PLA2G15 is a tumor-specific transcript (Fig.
2B). Moreover, age, sex, histology, primary site, microsatellite stable/microsatellite instable status, or tumor stage of the
CRC patients did not show a significant correlation (data not
shown). The other FTs were not detected in the tumor tissue
(data not shown). Therefore, we focused on the NFATC3–
PLA2G15 FT for further study.
The NFATC3–PLA2G15 FT consisted of exons 1–9 of

Table 1. In-frame fusion transcript candidates in the 28 colon cancer cell lines
5-Gene
PPP2CA
CTNNBIP1
AKAP13
NFATC3
FZD2
KRT8
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5-Chromosome

3-Gene

3-Chromosome

Fusion type

5
1
15
16
10
12

SKP1
CLSTN1
PDE8A
PLA2G15
RPS24
PKM2

5
1
15
16
17
15

Intra
Intra
Intra
Intra
Inter
Inter
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A
500 bp

500 bp

500 bp

PPP2CA–SKP1

500 bp

NFATC3–PLA2G15

CTNNBIP1–CLSTN1

500 bp

FZD2–RPS24

AKAP13–PDE8A

500 bp

KRT8–PKM2

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
N T N T N T N T N T N T N T N T N T N T N T N T N T N T N T N T N T N T N T

B

500 bp

C
NFATC3

PLA2G15

C A C T T T A G A T G A T G T C C C T G G T G A T T T G G

E1

...

E7

E8

E9

E2

...

E5

E6

NFATC3–PLA2G15

Fig. 2. Identification of 6 fusion transcripts (FTs) in the colorectal cancer (CRC) cell lines. (A) Presence of PPP2CA–SKP1,
CTNNBIP1–CLSTN1, AKAP13–PDE8A, NFATC3–PLA2G15, FZD2–RPS24, and KRT8–PKM2 FTs was confirmed by reverse
transcriptase–polymerase chain reaction (RT-PCR) in CRC cell lines. (B) The NFATC3–PLA2G15 FT was detected in colon
cancer tissues by RT-PCR. N, normal tissue; T, tumor tissue. (C) The NFATC3–PLA2G15 FT was validated in the colo-320
cell line using Sanger-sequencing. The FT breakpoint was passed from exon 9 of NFATC3 to exon 2 of PLA2G15. (Continued
to the next page)
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E6

Exon 8

Exon 6

Exon 4

Fusion positive
colo-320

E9

E7

E10

E8

E1

E9

E2

E2

E3

Fusion negative
colo-205

E3

E4

E4

E5

E5

E6

E6

D.W
Exon 8

E3

E6

Exon 6

E2

E5

Exon 4

E1

E4

Exon 8

E3

Exon 6

NFATC3–PLA2G15

E2

Exon 4

E1

PLA2G15

500 bp
400 bp
300 bp
200 bp

100 bp

Fig. 2. (Continued from the previous page) (D) NFATC3–PLA2G15 FT mRNA expression was observed in the colo-320 fusionpositive cell line and the colo-205 fusion-negative cell line by RT-PCR. Forward primers targeted NFATC3 exon 4, 6, and 8
(black arrows) and reverse primers targeted PLA2G15 exon 2 (red arrow). Distilled water (DW) was used for the negative
control.

NFATC3 and exons 2–6 of PLA2G15; fusion junctions of each
transcript were confirmed by Sanger sequencing (Fig. 2C).
However, no genomic-level changes were detected by longrange PCR (data not shown). We designed a set of forward
PCR primers that targeted NFATC3 exons 4, 6, and 8, and
reverse primers for PLA2G15 exon 2 to detect the FT directly
by reverse transcriptasepolymerase chain reaction (Fig. 2D).
We confirmed the presence of NFATC3–PLA2G15 FT in colo320 cells, but not in the fusion-negative colo-205 cells.
3. NFATC3–PLA2G15 FT regulates EMT
To investigate the functional consequences of inhibiting
the NFATC3–PLA2G15 FT, we designed a customized siRNA
to target the fusion junction site for a knock-down NFATC3–
PLA2G15 FT (NFATC3–PLA2G15-KO). Reportedly, NFATC
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promotes epithelial–mesenchymal transition (EMT) through
upregulation of Src expression in mouse embryonic stem
cells [19], whereas silencing NFATC inhibited transforming
growth factor –mediated EMT [20]. Vimentin and E-cadherin are well characterized and have specific roles in mesenchymal and epithelial cellular states, respectively. We
therefore screened mRNA expression levels of vimentin and
E-cadherin in 28 CRC cell lines using qRT-PCR. We discovered that vimentin mRNA expression levels were the highest
and E-cadherin levels were the lowest in the colo-320 cell line
that harbored the NFATC3–PLA2G15 FT compared with the
other 27 CRC cell lines (data not shown). Accordingly, we
hypothesized that NFATC3–PLA2G15 could regulate EMTrelated genes. Hence, we used qRT-PCR to investigate mRNA
expression of epithelial and mesenchymal markers after
siRNA treatments. Following treatment with the NFATC3–
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Relative mRNA expression

Relative mRNA expression
of NFATC3–PLA2G15
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0.2
0
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Fibronectin

si-NF/PL

D
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nt
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l
siNF
/P
L

Relative mRNA expression

5

Vimentin

C

Epithelial marker

B

Mesenchymal marker

4
E-cadherin
3
Vimentin
2
β-Actin

1
0

Control
si-control

E-cadherin Claudin-1

FOXC2

si-NF/PL

Fig. 3. The NFATC3–PLA2G15 fusion transcript is involved in regulation of epithelial–mesenchymal transition. (A) The colo320 cell line was transfected with NFATC3–PLA2G15 fusion transcript siRNA for 48 hours. (B, C) mRNA expression of mesenchymal markers (vimentin, twist, and fibronectin) and epithelial markers (E-cadherin, claudin-1, and FOXC2) were
detected by quantitative real-time polymerase chain reaction (*p < 0.05). (D) Western blot analysis revealed E-cadherin,
vimentin, and -actin protein expression in the colo-320 cell line after treatment with the NFATC3–PLA2G15 fusion siRNA
for 48 hours.

PLA2G15-specific siRNAs (Fig. 3A), inhibition of the FT
expression also resulted in decreased mesenchymal markers—specifically, vimentin, twist, and fibronectin (Fig. 3B);
and increased epithelial markers—specifically, E-cadherin,
claudin-1, and FOXC2 (Fig. 3C). Western blot showed
vimentin expression was decreased, and E-cadherin expression increased, in siRNA-treated cells (Fig. 3D). This result
suggests that the NFATC3–PLA2G15 regulates EMT- and
MET-related genes.

4. NFATC3–PLA2G15-KO reduced cell invasion, colony formation, and cell proliferation
As we observed that NFATC3–PLA2G15 FT could regulate
the EMT-related genes, we investigated how NFATC3–PLA2G15-KO affected invasion ability in the cell lines. A Matrigel
invasion assay demonstrated that the number of invading
cells, NFATC3–PLA2G15-KO cells, was decreased compared
with control cells (Fig. 4A and B).
We performed a soft agar assay to investigating the effect
of NFATC3–PLA2G15-KO on colony-formation ability in the
cell lines. Using fusion junction-specific siRNA, we conVOLUME 51 NUMBER 1 JANUARY 2019
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A
si-NF/PL

30
Invasive cells per field

si-control

B
25
20
15
10
5
0

si-control

si-NF/PL

C
si-control

D
400

si-NF/PL

No. of colony

300
200
100
0

si-control

si-NF/PL

Fig. 4. The NFATC3–PLA2G15 fusion transcript affects invasiveness and has anchorage-independent abilities. (A, B) We
conducted a 48-hour Matrigel invasion assay with colo-320 cells that were stably transfected with NFATC3–PLA2G15 siRNA
and control cells treated with siRNA control (*p < 0.05). (C, D) We conducted a 2-week soft-agar independentanchorage assay on siRNA-treated colo-320 fusion-positive cell line and control cells treated with siRNA control (*p < 0.05).

firmed knockdown of NFATC3–PLA2G15 mRNA by qRTPCR. We then observed that colony-formation was suppressed in NFATC3–PLA2G15-KO cells compared with cells
treated with control siRNA (Fig. 4C and D). This result
showed that NFATC3–PLA2G15 affected cell invasion and
colony formation abilities.
We also conducted a cell-counting assay to investigate the
correlation between the NFATC3–PLA2G15 and cell proliferation after siRNA treatment in the colo-320 fusion-positive
and SNU-1033 fusion-negative cell lines.
During treatment with NFATC3–PLA2G15 siRNA, confluence of colo-320 cells at 48 hours after siRNA transfection
was decreased (Fig. 5A and B). After siRNA treatment, proliferation was inhibited in the colo-320 cell line that had
expressed NFATC3–PLA2G15 (Fig. 5C); however, no effects
were observed in the SNU-1033 cell line (Fig. 5E). mRNA
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expression of NFATC3–PLA2G15 was decreased in the colo320 cell line (Fig. 5D). We also observed decreased cyclin D
protein expression and increased p27 expression in the colo320 cell line but not in the SNU-1033 cell line (Fig. 5F). These
results suggested that NFATC3–PLA2G15 regulated cell proliferation.

Discussion
In this study, we identified six FTs and observed the function of NFATC3–PLA2G15 FT. Using paired-end RNA sequencing in 28 CRC cell lines, we obtained 1380 fusion candidates with  4 reads in online fusion detection tools and
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Fig. 5. The NFATC3–PLA2G15 fusion transcript effected the regulation of cell number. (A, B) The NFATC3–PLA2G15 fusion
transcript siRNA was transfected into the colo-320 cell line and cell confluence was observed at 48 hours. Cells were observed
by microscopy after siRNA treatment in the colo-320 fusion positive cell line. (C, E) Cell counting assay. A cell counting
assay was conducted after NFATC3–PLA2G15 fusion siRNA treatment in the colo-320 fusion positive cell line and SNU-1033
fusion negative cell line in a time-dependent manner. Viable cells were counted every 3 days (*p < 0.05). (D) The colo-320
cell line was transfected with NFATC3–PLA2G15 fusion transcript siRNA for 48 hours. (F) Western-blotting analysis revealed
cyclin D, and p27 protein expression in the colo-320 and SNU-1033 cell lines after treatment with the NFATC3–PLA2G15
fusion siRNA for 48 hours.
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filtered them for in-frame fusion patterns to obtain six fusion
candidates (PPP2CA–SKP1, CTNNBIP1–CLSTN1, AKAP13–
PDE8A, NFATC3–PLA2G15, FZD2–RPS24, and KRT8–PKM2).
Among them, we focused on the NFATC3–PLA2G15 FT
because it showed tumor-specific characteristics. NFATC3–
PLA2G15 FT has previously been reported in a normal-karyotype AML having the same fusion junction as we discovered
in this study [21]. However, this study is the first to conduct
a functional study of this FT. Although fusion break point is
different compared with NFATC3–PLA2G15 FT in our paper,
it was additionally detected in T-acute lymphoblastic leukemia recently [22]. The transcription factor, nuclear factor
of activated T-cells (NFAT), exists as five isoforms (NFAT1,
NFAT2, NFAT3, NFAT4, and NFAT5 [23], and is known to
be involved in the non-canonical WNT signaling pathway of
the immune system and the WNT/calcium pathway [24].
The binding of Ca2+ to calmodulin activates calcineurin,
which dephosphorylates and activates the NFAT transcription factors. Dephosphorylated NFAT then translocates to
the nucleus where it interacts with diverse transcriptional
partners and regulates the transcription of target genes
through a nuclear localization signal (NLS) peptide [25].
NFAT is then re-phosphorylated and inactivated by NFAT
kinases, including GSK3, CK1, and DYRK1, after which NFAT
translocates back to the cytosol through a nuclear export signal (NES) peptide [26]. The phospholipase A2 Group XV
(PLA2G15) protein (also known as lysosomal phospholipase
A2 [LPLA2]) acts on the membrane to regulate lipid catabolism; it has calcium-independent activity [27]. Phospholipase
mediates of intra- and extra-cellular signaling and affects various tumorigenic processes, including cell migration, invasion, proliferation and angiogenesis [28].
We found that NFATC3–PLA2G15 FT includes exon 1-9 of
NFATC3 and exon 2-6 of PLA2G15. Thus, this FT has the
NFATC3 NLS peptide like NFATC3 full-length gene, but the
NES peptide was deleted when the transcript fuses with
PLA2G15. In accordance with it, we hypothesized that the
NFATC3–PLA2G15 FT could not translocate back to the cytosol because it did not have the complete NES signal peptide.
We tried to investigate this mechanism, but failed to make
FT construct and FT gene synthesis. Therefore, follow-up

study is needed to discover the mechanism. In accord with a
prior report indicating that NFATC3 is involved in the regulation of cell proliferation, we observed that the NFATC3–
PLA2G15 FT regulated cell proliferation as a driver gene
despite the fact we could not reveal the functional mechanisms. Another group observed that NFAT blocker A-285222
inhibited cell proliferation following a reduction in cyclin D
expression [29]. Although we did not investigate a relationship between the NFATC3–PLA2G15 FT and any drug, it
could potentially serve as a therapeutic target in CRC. In
other reports, the fusion genes containing druggable tyrosine
kinase (ALK, FGFR2, KIT, NTRK1, NTRK2, RET and PDGFRA) was verified in colorectal cancer cell lines using targeted approach [30]. As this case, the other 5 fusion candidates from our study are also potential drug targets, and
should be screened with more paired tumor tissues. Other
than 6 FTs identified through targeted gene filtering step, the
functional study of the other high-frequency FTs from other
filtering methods, will be needed.
In summary, we have identified expression of NFATC3–
PLA2G15 FT in CRC cell lines using RNA sequencing, and
demonstrated that recurrent in-frame NFATC3–PLA2G15 FT
promoted tumor cell proliferation and invasion ability in
CRC cell lines.
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Open Access

Case Report

PTEN Mutation Identified in Patient Diagnosed with Simultaneous
Multiple Cancers

PTEN hamartoma tumor syndrome is a spectrum of disorders characterized by unique phenotypic features including multiple hamartomas caused by mutations of the tumor suppressor gene PTEN. Cowden syndrome and Bannayan–Riley–Ruvalcaba syndrome are representative diseases, and both have several common clinical features and differences. Because
PTEN mutations are associated with an increased risk of malignancy including breast, thyroid, endometrial, and renal cancers, cancer surveillance is an important element of disease
management. We report a germline mutation of the PTEN (c.723dupT, exon 7) identified in
a young woman with a simultaneous occurrence of breast cancer, dermatofibrosarcoma
protuberans, and follicular neoplasm. This case suggests that it is critical for clinicians to
recognize the phenotypic features associated with these syndromes to accurately diagnose
them and provide preventive care.
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Introduction
Phosphatase and tensin homolog (PTEN) hamartoma
tumor syndrome (PHTS) includes four major clinically distinct syndromes related to germline mutations in the tumor
suppressor PTEN: Cowden syndrome (CS), Bannayan–Riley–
Ruvalcaba syndrome (BRRS), Proteus syndrome (PS), and
Proteus-like syndrome (PSL) [1]. These diseases are characterized by unregulated cellular proliferation leading to the
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formation of numerous hamartomas in various organs [1].
The diagnosis of PHTS is confirmed by the identification of
a germline mutation in PTEN along with their unique clinical
characteristics.
CS is the most well-known PHTS, which is characterized
by multiple disorganized benign growths or hamartomas
with mucocutaneous manifestations as a pathognomonic feature. It is rarely identified before adulthood, and has shown
an increased risk of both benign and malignant tumors [1,2].
BRRS is a congenital disorder known to be diagnosed early

Copyright ⓒ 2019 by the Korean Cancer Association
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

│ https://www.e-crt.org │

Hye Sung Won, Multiple Cancers in Patient with PTEN Mutation

in life, unlike CS. Clinical characteristics of BRRS include
macrocephaly, lipomas, and hamartomatous intestinal polyposis, and in males, pigmented macules of the glans penis
[1,2]. It is of note that an increased risk of malignancy has not
been formally documented in BRRS [1,3]. Both diseases have
respectively distinctive phenotypic features and they also
share significant clinical overlaps.

We report the case of a young woman diagnosed with
breast cancer, dermatofibrosarcoma protuberans, and follicular neoplasm who had the pathogenic PTEN mutation.
Ethical Committee approval was obtained from the Institutional Review Board of The Catholic University of Korea (No.
UC17ZESE0138), and an informed consent was provided.

A

B

C

D

Fig. 1. A 6.8-cm-sized mass arising from right breast skin. The mass reveals T2 high signal (A) and intense enhancement
after contrast enhancement (B). A 9.7-cm-sized, irregular shaped left breast mass involving skin and chest wall muscle. Heterogeneous enhancement with internal cyst (arrow in A) and signal void due to macro-calcification (arrowhead in A and B)
is noted. (C) Lung window image of the breast computed tomography shows well-defined, small round nodules in both
lung fields. (D) Positron emission tomography image demonstrates two large masses with different fluorodeoxyglucose
(FDG) avidity in the bilateral breast. Several lymph nodes with variable FDG uptake are noted in the bilateral axillary and
left supraclavicular area. Small nodular uptake (arrow) is seen in the right thyroidal area.
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Fig. 2. (A) Diffuse infiltration of small carcinoma cells in the left breast (H&E staining, 100). (B) Poorly differentiated spindle
cell tumor in the right breast (H&E staining, 200). Immunohistochemistry showed strong positive staining for CD34 (C)
and vimentin (D) in the spindle cell component (100).

Case Report
A 29-year-old woman visited our hospital with a palpable
left breast mass and right chest wall mass in March of 2017.
She had some unique phenotypic features and medical history. Her height, weight, and head circumference were 167
cm, 64 kg, and 58.1 cm, respectively. The mean head circumference of average (±standard deviation) adult women in
Korea is 55.2±1.47 cm [4]. Her mother said that her birth
weight was about 3.5 kg and she looked like she had a big
head at birth. She was diagnosed with some developmental
delay during infancy and childhood. She had undergone a
near-total thyroidectomy for multinodular goiter at the ages
of 9 and 14 years, respectively. The pathology report confirmed nodular hyperplasia. However, there is no family history of breast or other cancers. She has two sisters and they
also have not had any special illnesses.
We conducted tests on the patient. Breast magnetic resonance imaging (MRI) showed an irregularly shaped, 9.7-cmsized mass in the left and a well circumscribed, 6.8-cm-sized
mass arising from the subcutaneous fat layer of the right
(Fig. 1A and B). Multiple pulmonary nodules were detected
on breast computed tomography (CT) (Fig. 1C). A core needle biopsy of both was performed and pathological examination revealed a poorly differentiated carcinoma in the left
and poorly differentiated spindle cell tumor in the right.
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F-fluorodeoxyglucose (FDG) positron emission tomography–CT showed an intensely FDG-avid mass (maximum
standardized uptake value [SUVmax] 12.5) in the left breast
and a heterogeneously and moderately FDG-avid pedunculated subcutaneous mass (SUVmax 4.6) in the right breast.
There were multiple pulmonary nodules less than 1.5 cm in
size with mild FDG uptake (SUVmax 1.7) and focal nodular
lesions with moderate FDG uptake in the right thyroid lobe
(SUVmax 3.4) (Fig. 1D).
She underwent a modified radical bilateral mastectomy in
March 2017. Histopathological examination of the left breast
mass revealed an invasive ductal carcinoma with squamous
metaplastic carcinoma (Fig. 2A). Tumor size was 8 cm and
there were 11 metastatic lymph nodes among the 31-dissected left axillary lymph nodes. Thus, pathological staging
was pT3N3aMx. Immunohistochemical analyses showed
negative staining for estrogen receptor, progesterone receptor, and human epidermal growth factor receptor 2. Histopathological examination of the right mass revealed a dermatofibrosarcoma protuberans, grade 2 (Fig. 2B-D). Tumor size
was 7.5 cm diameter and there were no metastatic right axillary lymph nodes. Thus, pathological staging was pT2aN0Mx.
In addition, we found that she had more phenotypic features of importance. She had mucosal papillomatous lesions
on the upper gingiva and hard palate (Fig. 3A). There were
no other mucocutaneous lesions such as trichilemmomas and

Hye Sung Won, Multiple Cancers in Patient with PTEN Mutation

A

B

C
Fig. 3. (A) Mucosal papillomatous lesions on the upper gingiva and hard palate. (B) Multiple polys in the sigmoid colon.
(C) Direct sequencing for whole exons including intron-exon boundarie of the PTEN gene. A frameshift PTEN mutation
(c.723dupT [p.Glu242Terfs]) was identified in exon 7.

acral keratosis. X-ray images of her abdomen showed mild
to moderated scoliosis. Gastroduodenoscopy and colonoscopy were performed and we found multiple gastrointestinal polyps distributed throughout the entire intestine
(Fig. 3B). Based on her phenotypic features and medical history, we suspected that she might have PHTS. We performed
a PTEN gene test and identified a frameshift PTEN mutation:
c.723dupT (p.Glu242Terfs) in exon 7 (Fig. 3C). This is a pathogenic mutation of PTEN that was described previously in
patients with PHTS [3,5].
After discussing her case among our multidisciplinary
team, we decided to follow up on her pulmonary nodules
while performing chemotherapy for advanced breast cancer
because they were too small to make a diagnosis by CT-guided percutaneous lung biopsy. She received four cycles of
adriamycin and cyclophosphamide. After the four cycles of
chemotherapy, chest CT showed no change in pulmonary
nodules. To determine an appropriate plan for further treatment, we performed a video-assisted thoracoscopic wedge
resection of pulmonary nodule. Surprisingly, histopatholog-

ical examination revealed colloid-filled thyroid follicles with
various sizes in the lung (Fig. 4A and B). Subsequently, a core
needle biopsy of her right thyroid nodule was performed
and revealed a follicular neoplasm. She received adjuvant
weekly paclitaxel chemotherapy for advanced breast cancer.
After the completion of 12 weekly cycles of paclitaxel, she
underwent both total thyroidectomy with sentinel lymph
node biopsy and pathologic report revealed minimally invasive follicular carcinoma (Fig. 4C and D). We plan to perform
radioactive iodine therapy. Her family will receive genetic
counseling from a specialist.

Discussion
The PTEN tumor suppressor gene on chromosome 10q23
codes for a phosphatase that antagonizes the phosphoinositol-3-kinase/AKT signaling pathway and suppresses cell
VOLUME 51 NUMBER 1 JANUARY 2019
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Fig. 4. (A) A well-circumscribed thyroid tissue including various sized-follicles in the lung parenchymal tissue (H&E staining, 100). (B) Negative immunohistochemical staining for galectin-3 (200). Capsular invasion in minimally invasive follicular carcinoma (40) (C) and (100) (D).

survival and cell proliferation [6]. CS and BRRS are the most
commonly reported syndromes of PHTS, which is characterized by multiple hamartomas caused by germline mutations
in PTEN. The clinical diagnostic criteria of CS established by
the International Cowden Consortium are subdivided into
three main categories: pathognomonic, major, and minor [1].
The international diagnostic criteria of BRRS have not been
established yet, but the hallmark features of BRRS are
defined as the presence of macrocephaly, lipomas, and
hamartomatous intestinal polyposis, and in males, pigmented macules of the glans penis [1,7]. Other features
described in BRRS include thyroid adenoma, lymphatic malformation, hemangiomas, high birth weight, proximal muscle myopathy, joint hyperextensibility, pectus excavatum,
scoliosis, developmental delay, and intellectual deficiency
[7]. Generally, most BRRS cases are reported with a childhood onset, often with delayed motor and intellectual development, while most CS cases are reported by dermatologists
and oncologists in adults.
However, both conditions actually have many clinical features in common, and it is sometimes difficult to distinguish
CS and BRRS clearly [7,8]. Our patient also had some features
of both CS and BRRS. Her BRRS-related features include
macrocephaly, delayed motor and intellectual development,
hamartomatous intestinal polyposis, and thyroid hyperplasia in childhood. As features of CS, she has shown oral
mucosal papillomatosis of pathognomonic criteria, breast
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cancer and macrocephaly as major criteria, and multinodular
goiter and hamartomatous intestinal polyps as minor criteria.
One of the operational diagnoses of CS includes two or more
major criteria, of which one must be macrocephaly. In addition, more than 80% of individuals who met the international
criteria of CS were found to have PTEN mutations, which
have also been identified in approximately 60% of patients
with BRRS [1,2]. Because of these clinically and genetically
overlapping features, BRRS and CS are considered different
phenotypical expressions of the same allelic syndrome. Some
researchers have suggested that CS and BRRS represent one
condition with variable expression and age-related penetrance [8]. Individuals with both CS and BRRS within the
same family (CS/BRRS overlap families) and with phenotypes more consistent with CS or BRRS having the same
PTEN mutations have also been reported previously [3,5,7].
Despite the past thyroidectomy, our patient still had an
enlarged thyroid gland. Multiple pulmonary nodules turned
out to be thyroid tissues. Similarly, Cheng et al. [9]. reported
a case of bilateral pulmonary thyroid nodules with a history
of multinodular thyroid goiter. This is a very rare and interesting case. Treatment for thyroid and intrapulmonary thyroid tissue and continuous follow-up are needed.
Our patient has a frameshift PTEN mutation: c.723dupT
(p.Glu242Terfs) in exon 7. Marsh et al. [3] previously
reported that this mutation was identified in CS family.
Bubien et al. [10] investigated the genotypic and phenotypic
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features of 146 patients with PHTS to define cancer risk
according to the type and location of PTEN mutations. They
found a patient with c.723dupT PTEN mutation who had
macrocephaly, mucocutaneous lesion, and benign thyroid
and breast disease, but no cancer [10]. However, our patient
has experienced breast cancer and soft tissue sarcoma at a
relatively young age.
Patients with CS are associated with an increased risk for
developing breast, thyroid, endometrial, and renal cancers
[1]. Bubien et al. [10] reported that overall 40% of 146 patients
with PTEN mutations developed a cancer, with one quarter
of these developing tumors across two or three different
sites. Cancer was the main cause of death at a young age in
patients with PHTS. Therefore, cancer surveillance is one of
the most important strategies of disease management. Cancer screening recommendations have not been formally
instituted for BRRS, PS, or PSL. However, previous studies
reported that the cancer risk in patients with BRRS who harbor PTEN mutations was similar to that of individuals with
CS [7]. Thus, all individuals with germline PTEN mutations
should adopt the cancer surveillance strategies proposed for
patients with CS [1]. Comprehensive physical examinations
are recommended yearly. Patients aged younger than 18
years should be assessed for psychomotor development, dermatological and thyroid lesions, and vascular malformations.
The assessment at diagnosis in adults includes dermatologi-

cal and neurological examination, mammography and breast
MRI, thyroid ultrasound, transvaginal ultrasound, upper
gastrointestinal endoscopy, colonoscopy, and renal ultrasound [1,10].
We can learn three important points while experiencing
our case. First, PHTS has phenotypic heterogeneity and there
are significant overlapping features between CS and BRRS.
Thus, a collective diagnosis of PHTS may be better than a distinction between CS and BRRS. Second, our patient has been
characterized by unique phenotypic features of PHTS since
she was a child. However, genetic testing was performed
after cancers were diagnosed in her adulthood. If clinicians
meet children with developmental delay, macrocephaly, and
mucocutaneous lesions, they should suspect PHTS and consider genetic testing. Third, unlike a case with a frameshift
mutation of PTEN (c.723dupT) described previously [10], different types of cancer have developed in our present patient.
Finally, we hope that our experience will help clinicians identify patients as appropriate candidates for PTEN testing in
clinical practice. In addition, continuous studies of cancer
surveillance, long-term follow-up, and prognosis in individuals with PHTS are needed.
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Epidermal growth factor receptor (EGFR)tyrosine kinase inhibitors (TKIs) are effective clinical therapeutics for EGFR-mutant non-small cell lung cancer (NSCLC). Osimertinib, a thirdgeneration EGFR TKI, has proven effective against T790M mutations. However, the vast
majority of patients acquire resistance following successful treatment. A 59-year-old female
patient with metastatic NSCLC developed resistance after 43 weeks of osimertinib. CancerSCAN of the metastatic liver lesion revealed a EGFR C797G mutation at an allele frequency of 72%, a preexisting T790M mutation (73%) in cis and an exon 19 deletion (87%).
Another 53-year-old female patient developed systemic progression after 10 months of
osimertinib. CancerSCAN of the lung biopsy identified an EGFR L718Q mutation at an allele
frequency of 7%, concomitant PIK3CA E545K (12.90%) and preexisting EGFR L858R (38%),
but loss of the T790M mutation. The heterogeneity of osimertinib resistance mechanisms
warrants further investigation into novel or combination agents to overcome the rare
acquired resistances.
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Introduction
East Asian never-smokers have a higher prevalence of epidermal growth factor receptor (EGFR) mutations compared
to their North American/European counterparts [1]. EGFR–
tyrosine kinase inhibitors (TKIs) are effective clinical thera-
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pies for EGFR-mutant non-small cell lung cancer (NSCLC)
patients [2]. Osimertinib, a third-generation EGFR TKI, has
proven effective against T790M mutation. However, the vast
majority of patients acquire resistance following successful
treatment.
Many studies have reported that the EGFR C797S mutation
is the most common mechanism of resistance to third-gener-
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Fig. 1. Acquired epidermal growth factor receptor (EGFR) C797G mutation. (A) Computed tomography of the liver demonstrates the tumor at baseline before osimertinib treatment (left), at partial response (middle), and during progression (right)
after treatment with osimertinib. (B) The browser view reveals the mutational status of the tumor at baseline (top) and after
osimertinib therapy (bottom). (Continued to the next page)

ation EGFR TKIs, including osimertinib (AZD9291) [3,4].
Here we report two Korean cases of a rare mutation—EGFR
C797G, L718Q—as a mechanism of acquired resistance to
osimertinib.
The medical records of these patients were retrospectively
reviewed with the approval of the Institutional Review
Board of the Samsung Medical center (IRB No. SMC 2018-05076) with the waiver for informed consent.

Case Report
1. Case 1
A 59-year-old female never-smoker was diagnosed with
EGFR exon 19 deletion-positive metastatic lung adenocarcinoma, which was poorly differentiated with squamoid differentiation, in March 2015. The pathology result was initially reported as squamous cell carcinoma, and the patient
underwent chemotherapy with four cycles of gemcitabine
VOLUME 51 NUMBER 1 JANUARY 2019
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Fig. 1. (Continued from the previous page) (C) Plot depicting EGFR (15.0) copy number amplification upon treatment with
osimertinib.

and carboplatin, leading to partial remission of the primary
lesion in the left lower lobe. After seven months off treatment, the primary tumor in the left lower lobe, pleural seeding, and hepatic metastasis had increased in extent. The
patient received gefitinib from January 2016 to December
2016, until progression of hepatic metastasis was demonstrated. Both real-time polymerase chain reaction (PCR) and
CancerSCAN [5] of the post-gefinitib liver biopsy revealed
an EGFR T790M mutation.
After 8 weeks of osimertinib treatment, scans demonstrated a partial response; however, the patient developed
hepatic metastasis progression after 43 weeks of osimertinib
(Fig. 1A). CancerSCAN [5] of the liver biopsy at the time of
progression revealed an EGFR C797G mutation at an allele
frequency of 72%, including the known T790M mutation
(73%) in cis and an exon 19 deletion (87%), as well as focal
amplification of EGFR (15.0) (Fig. 1B and C). As opposed to
other preexisting N-ethyl-N-nitrosourea (ENU) mutagenesis
studies, there was no coexisting EGFR C797S mutation. EGFR
C797G mutation was the sole mutation with high minor
allele frequency.
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2. Case 2
A 53-year-old female never-smoker was diagnosed with
advanced lung adenocarcinoma in October 2013. A pleural
tumor specimen showed a missense mutation on exon 21, and
the patient received gefitinib for 33 months as the first-line
therapy. While continuing gefitinib, the patient underwent
whole-brain irradiation for multiple brain metastases and leptomeningeal seeding. Progressive disease was detected, and a
new pulmonary biopsy identified T790M mutation. The
patient received 10 months of osimertinib from August 2016
to May 2017, until disease progression was confirmed
(Fig. 2A).
At the time of systemic progression, cancerSCAN [5] was
performed on the lung biopsy specimen and identified an
EGFR L718Q mutation at an allele frequency of 7% and a preexisting EGFR L858R at an allele frequency of 38%, but loss of
the T790M mutation (Fig. 2B). Concomitant PIK3CA E545K at
an allele frequency of 12.9% was also identified.
The patient received afatinib, the most effective EGFR
inhibitor in cell line models harboring L858R along with
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Fig. 2. Acquired epidermal growth factor receptor (EGFR) L718Q mutation. (A) Computed tomography of the chest showed
the tumor at baseline before osimertinib treatment (left), at partial response (middle), and during disease progression (right)
after treatment with osimertinib. (B) The browser view reveals the mutational status of the tumor at baseline (top) and after
osimertinib therapy (bottom).

L718Q mutation [4], which induced partial remission after 4
weeks of therapy; however, she demonstrated systemic progression after 12 weeks of therapy.

Discussion
Herein, we describe two Korean patients with a rare EGFR
mutation after cancer treatment with osimertinib, a thirdgeneration EGFR TKI.
The EGFR C797S mutation is detected in ~40% of EGFR-

mutant NSCLC patients with T790M who develop acquired
resistance to osimertinib [4]. However, emerging clinical data
have revealed a high degree of clonal heterogeneity in the
resistance mechanism, including non-EGFR–driven mutations.
Pre- and post-osimertinib genomic profiling results of
cases 1 and 2 is presented in S1 and S2 Tables.
In case 1, although the variant allele frequency of EGFR
T790M was detected pre-osimertinib CancerSCAN [5] at a
low rate (0.4%) (S1 Table), it was simultaneously detected on
real-time PCR. In refractory tumors, a driver mutation that
arises in response to treatment may be present with a low
variant allele frequency [5]. Considering the durable resVOLUME 51 NUMBER 1 JANUARY 2019
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ponse to osimertinib, EGFR T790M appears to be the most
reasonable mechanism of resistance to gefitinib.
In case 2, pathway alterations beyond EGFR were reported
from post-osimertinib CancerSCAN of the lung specimen,
most notably PIK3CA E545K (12.90%) (S2 Table).
Co-occurrence of the PIK3CA mutation with EGFR aberrations are frequently reported [6], and an in vitro study has
shown that PIK3CA oncogenes are sufficient to promote continued phosphoinositide 3-kinase (PI3K) signaling in EGFRmutant cancer cells treated with EGFR TKIs [7]. Thus, cancer
with PIK3CA oncogenic mutations exhibit attenuated responses to EGFR inhibitors, suggesting that these mutations the
mechanism of acquired resistance [8]. Such acquired resistance possibly resulted in the short response duration observed with afatinib in case 2.
Although EGFR mutation still remains the principal
“mutational driver,” there is increasing evidence of complexity in the resistance mechanism to third-generation EGFR
TKIs. Dactolisib, a dual PI3K/mammalian target of rapamycin (mTOR) inhibitor, has proven effective in inhibiting
gefintib-resistant tumor growth by downregulating PI3K/

anaplastic lymphoma kinase (ALK)/mTOR phosphorylation
[9]. However, a phase II trial of MK-2206 (AKT inhibitor for
PI3K/ALK/mTOR pathway) and erlotinib in NSCLC patients who progressed on erlotinib, showed a frustrating
Response Evaluation Criteria in Solid Tumor response rate
9% at 12 weeks in the EGFR-mutant group.
Our cases highlight the importance of a genomic profiling
approach to detect alterations associated with uncommon
mechanisms of acquired resistance to targeted therapies. Further studies are warranted on novel or combination agents
to overcome the rare acquired resistances.
Electronic Supplementary Material
Supplementary materials are available at Cancer Research and
Treatment website (https://www.e-crt.org).
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TRIUMPH Trial: One Small Step Could Become One Giant Leap
for Precision Oncology in Head and Neck Cancer
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Recent remarkable progress in the fields of cancer genomics, computational analysis and drug discovery have changed the
whole paradigm in cancer research. So called precision oncology, defined as molecular profiling of tumors to identify druggable
alterations, is rapidly developing and waiting for entering the mainstream of cancer research as well as practice [1]. In the era
of precision oncology, traditional classification based on organ or pathology do not have clinical meaning anymore. Molecular
subtype base on next-generation sequencing (NGS) will lead us to appropriate molecular targeted agents.
Head and neck squamous cell carcinoma (HNSCC) is not a specific disease entity, but rather a broad category of diverse
tumor types arising from various anatomic structures including oral cavity, oropharynx, hypopharynx, larynx and paranasal
sinus. HNSCC is highly heterogeneous group of disease arises from the mucosal lining of the upper aerodigestive tract, demonstrates squamous differentiation, and involves older men with a long history of smoking. The prognosis by anatomic subsite
quite differ. Human papilloma virus positive oropharyngeal cancer showed very good prognosis while oral cavity cancer had
worst prognosis. In the era of NGS, HNSCC become more heterogeneous by mutational status [2-4].
Traditional design of clinical trials has faced big challenge for these heterogeneity and rarity. One solution is umbrella trial.
In an umbrella trial, patients with specified cancer type are centrally screened and assigned to one of several molecularly
defined subtrials where they receive matched targeted agents [5]. Some novel umbrella trials such as BATTLE trial [6] or
MOSCATO trial [7] suggest that such a biomarker driven clinical trial can give appropriate benefit to the patients. To perform
an umbrella trial, precise NGS based molecular phenotyping should be practical and working in the level of clinic. To date,
there was surprisingly few study deals with the feasibility of molecular phenotyping for umbrella trial. We should answer the
questions whether precision oncology is just a theory or whether it is realistically feasible. We should answer how we implement
the precision oncology into the clinic and prove the patients’ benefit.
In this issue of Cancer Research and Treatment, Lim et al. [8] reported the feasibility of targeted NGS to guide the treatment of
HNSCC. The authors tested the feasibility from tissue sample process to analysis of NGS and mRNA expression at the practical
level. Mutation profiles were similar with prior reports [2-4] and the authors found several targetable alterations such as
PIK3CA, CDKN2A and CCND1.
Based on this success, KCSG (Korean Cancer Study Group) Head and Neck Cancer and Esophageal Cancer Committee
launched novel umbrella trial: Translational bIomarker Driven UMbrella Project for Head and Neck (TRIUMPH, NCT
03292250), which is the first umbrella trial for HNSCC in the world. TRIUMPH trial is for recurred/metastatic HNSCC, consisting of 5 targeted therapies including phosphoinositide 3-kinase inhibitor BYL719, pan-HER inhibitor poziotinib, fibroblast
growth factor receptor inhibitor nintedanib, CDK4/6 inhibitor abemaciclib, andd immune checkpoint inhibitor durvalumab+/–
tremelimumab. TRIUMPH trial is investigator-initiated trial, and Korean Cancer Study Group affiliated 37 institutes participate.
We think TRIUMPH trial is one small step for head and neck cancer, but hope to be one giant leap for precision oncology in
HNSCC.
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