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Abstract

Objective: Recent studies suggest that systemic inflammatory response is closely associated with
cancer patient prognosis. Although several inflammatory prognostic markers have been proposed,
the data 1o support their validity are lacking in large Japanese cohorts.

Methods: This is a retrospective study to examine the prognostic value of inflammatory markers,
such as C-reactive protein, neutrophil-lymphocgyte ratio, platelet~lymphocyte ratio and modified
Glasgow prognostic scale, in pancreatic cancer. Selection criteria were admittance to hospital
between January 2008 and December 2012, histologically confirmed adenocarcinoma, diagnosis
of invasive ductal pancreatic cancer compatible by computed tomography imaging, and followed-
up until death or for 180 days or longer. The primary end point was overall survival, which was mea-
sured from the day of histological diagnosis.

Results: There were 440 patients who met the selection criteria. Of the 440 cases, 200 {45.5%) re-
ceived curative resection (166 Stage Wl and 34 Stage 1ll patients), 237 {53.9%) received chemotherapy
{4 Stage I/ll, 92 Stage 1l and 141 Stage IV patients), and the remaining 3 received palliative care.
Univariate and multivariate regression analyses revealed that advanced computed tomography
stage, high level of C-reactive protein (0.45 mg/dl or greater), neutrophil-lymphocyte ratio (2.0 or
greater) and CA13-9 level {1000 U/ml or greater) were significantly associated with worse prognosis.
Conclusions: We verified the results of previous studies, and showed that neutrophil-lymphocyte
ratio and C-reactive protein also had prognostic value in a large Japanese PC cohort.

Ke’y words: NLR, CRP, mGPS, PLR, survival

cancer deaths; Despite recent improvements in diagnostic techniques,
only a small proportion of patients are eligible for surgery, even
Pancreatic cancer {PC) has become the fifth most common cause of though resection represents the only curative treatment available
cancer-related mortality in Japan; it has beeh estimated that PC was thus far. Accordingly, the prognosis of PC patients is extremely
responsible for 29 916 deaths in 2012 (1}, representing ~8% of all poor, with a 5-year survival rate after diagnosis of <5% (2).

Introduction
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2 NLR and CRP in Japanese pancreatic cancer

Recent studies suggest that the systemic inflammatory response is
closely associated with cancer patient prognosis {3,4), Several para-
meters of the systemic inflammatory response, including level of
C-reactive protein (CRP), nentrophil-lymphocyte ratio (NLR}, de-
rived NLR (dNLR}, platelet-lymphocyte ratio (PLR} and modified
Glasgow prognostic score. (mGPS), have been demonstrated in numer-
ous reports as good prognostic indicators in lung cancer (5), hepato-
cellular carcinoma {(6), melanoma (7}, renal cell carcinoma (8), gastric
cancer {9} and colorectal cancer (10). Moreover, some studies have
shown that these parameters can predicted clinical outcome in regard-
less of the primary site {11,12).

Further, initial reports have already indicated that the inflamma-
tory response is predictive of prognesis in patients with PC, but
most of these studies included only relatively small number of cases
(13-17). An Austrian group has repotted the prognostic value of
NLR, dNLR and CRP as nseful inflammatory markers in their large
cohort of PC patients (18-20), In the present study, we aimed to val-
idate the prognostic significance of inflammatory markers in a large
cohort of Japanese PC patients with reference to the Austrian studies.

Patients and Methods

This retrospective study included data from 493 consecutive patients.
who were diagnosed with PC at the Gastroenterology Center, Cancer.

Institute Hospital of Japanese Foundation for Cancer Research
between January 2008 and December 2012, Among these 493
patients, we selected those for the current study if all of the following
criteria were met: (i) histologically or cytologically confirmed adeno-
carcinoma, (i} invasive ductal PC compatible by computed tomog-
raphy (CT) imaging and (iii) followed-up until death or for 180
days or longer.

Clinical variables collected in this study werer age, gender, height,
weight and performance status (P8) according to the Eastern Coopera-
tive Oncology Group grading system; white blood cell (WBC) count;
fraction of neutrophil and lymphocyte in WBC differentiation {%); le-
vels of albumin, bilirubin, CRP and carbohydrate antigen 19-9
{CA19-9); location of the primary pancreatic tumor; clinical CT
stage according to the séventh edition of TNM classification; type of
therapy (i.e. tumor resection, chemotherapy or symptomatic treat-
ment); date of surgical intervention or biopsy and date of the final
follow-up or death, The baseline data were obtained within 30 days
prior to surgical intervention or biopsy.

The relationship between each baseline variable and long-term sur-
vival wds investigated by univariate and multivariate analyses, with
special focus on the prognostic impact of systemic inflammation mar-
kers. On che basis of previous studies, CRP level of 0.45 my/dl, NLR
of 2.0, dNLR (absolute count of neuntrophils divided by the absolute
WBC count minus the absolute count of nentrophils) of 2.3 and PLR
of 150 were selected as cutoff values for validation. The mGPS was
applied by combining CRP and albumin levels: 0 was defined as nor-
mal values of CRP and albumin; 1 was defined as increased CRP
fl.O mg/dl or greater) and normal albumin; and 2 was defined as in-
creased CRP and decreased albumin {<3.5 g/ml). Other than the five
inflammatory markers, variables included in the prognostic analysis
were: agé (65 years or younger versus oldér than 65} gender; PS {0
versus 1); body mass index (>25 versus 25 or greater); location of
the primary tumor (head versus body-tail); clinical CT Stage (111,
T or IVY; and CA 19-9 (>1000 U/ml versus 1000 Uhml or greater).

The primary end point of this study was overall survival (OS), de-
fined as the time from the date of histological confirmation (the date of

suzgery or biopsy) to death die to any cause or to the last known date
alive. All patients were assessed in December 2013. Kaplan-Meier sur-
vival plots were generated, and differences in survival among sub-
groups classified by each factor were evaluated by log-rank tests.
Cox regression was used to determine univariate hazard ratios for
OS. Age, PS and all variables with significant prognostic value in
the univariate analysis were selected for further evaluation in the
final multivariate Cox propottional hazard model, Multivariate Cox
proportion analysis by backward elimination method was performed
to determine the influence of the different variables on OS. Hazard
ratios estimated by the Cox analysis were reported as relative risks
with corresponding 35% confidence intervals. P < 0,05 was consid-
ered statistically significant. All statistical analyses were perfarmedb
using the PASW Statistics 18 program (SPSS Inc.; Chicago, IL, USA),

The Institutional Review Board of the Cancer Institute Hospital of
the Japanese Foundation for Cancer Research approved this study,
and waived the need for written ixiformed consént from the partici-
pants because this was a retrospective non-intervention study.

Results

Of the 493 patients, 440 met the selection criteria. Of the remaining
53, 28 had other tumor histologies including neurcendocrine tumer,
and 2§ were transferred to a community hospital to receive palliative
care within 6 months after diagnosis, Patient characteristics are sum-
marized in Table 1, Of the 170 patients diagnosed with Stage VT po-
tentially resecrable disease, 4 received chemotherapy because
micro-metastases were found by laparotomy. Of the 127 patients di-
agnosed with Stage III disease, 34 underwent resection of the pan-
creas, 92 received chemotherapy and the remaining 1 received
symptomatic treatment. Of the 143 patients diagnosed with Stage
IV disease, 141 received chemotherapy and the remaining 2 received
symptomatic treatment, Consequently, 200 (45.5%) patients received
curative resection {166 Stage /Il and 34 Stage 1l cases), 237 {53.9%)
received chemotherapy {4 Stage I/I1, 92 Stage Il and 141 Stage IV pa-
tienits) and the remaining 3 received palliative care. OF the 440 selected
patients, 313 (71:1%) died and the remaining 127 were still alive at the
time of analysis. The median follow-up time of the 127 survivors was
18.7 months, ranging from 6.1 to 68.2 months. The median survival
time of patients from the whole cohott was 11.6 months (interquartile
range: 7.1-20.1. months).

Univariate Cox regression revealed that advanced CT stage, pan-
creatic body-tail cancer, high level of CRP, NLR, dNLR and CA19-9
[evel wete significantly associated with wotse prognosis {Table 2), We
continued to analyze NLR bur not dNLR in the multivariate analysis
because the hazard ratio of NLR was higher than that of {INLR {1.894
versus 1.576, respectively). PLR and mGPS did not show any evident
prognostic impact on survival in our cohort. In the multivatiate ana-
lysis, CT stage, level of CRP, NLR and CA19-9 level were identified as
independent prognostic factors in our cohort (Table 3).

Figure 1 demonstrates OS curves stratified by NLR in each CT
stage, respectively. The number of patients with NLR »2.0 and
those with NLR >2.0 were 71 {41.8%) and 99 (58.2%) in Stage I/
11, 48 {37.8%) and 79 {62.2%) int Stage I and 21 (14.7%) and 122
(85.3%) in Stage IV, The prognostic value of NLR was clear especially
in CT Stage VI disease (P = 0.014, log-rank test). But there was no
significant difference between Stages Il and IV (P=0.079 and.
P=0.125).

Figure 2 demonstrates OS curves stratified by CRP in each CT
stage, respectively. The number of patients with CRP <043 and
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Table 1. Patient characteristics

Table 2. Univariate cox regression

Age (years)

Median {range) 67 32-88

65 or younger 179 40.7%

Older than 65 261 59.3%
Gender

Male 249 56.6%

Female 191 43.4%
Performance status

4} 378 83.3%

1 62 13.7%
Body mass index

Median (range) 21.6 13.0-33.8

<25 375 83.2%

25 or greater 65 14.8%
Location of the primary tumor

Head 220 50.0%

Body~tail 220 50.0%
Clinical CT stage

i 170 38.6%

m 127 28.9%

v 143 32.5%
Cereactive protein (mg/dl)

Median (range) 0.12 0.01-21.9

<045 321 73.0%

0.45 or greater 119 27.0%
Neutrophil-lymphacyte ratio

Median {range) 2,47 0.7-27.7

<2 140 31.8%

2 or greater 300 68.2%
Derived neutrophil~lymphocyte ratio

Median (range) 1.77 0.5-13.3

<2.3 324 73.6%

2.3 or greater 116 26.4%
Platelet-lymphacyte ratio

Median (range) 140.0 40.4-930.8

<150 239 54.3%

150 or greater 201 45.7%
Modified Glasgow prognostic score

0 367 83.4%

1 49 11.1%

2 24 5.5%
Albumin (g/dl)

Median (range) 4.0 24-5.0

<33 48 10.9%

3.5 or greater 392 89.1%
CA19-9 (U/ml)

Median (range) 436.2 2.0-50000

<1000 275 625%

1000 or greater 165 37:5%

those with CRP >0.45 were 147 (86.5%) and 23 (13.5%) in Stage /11,
102 {80.3%) and 25 (19.7%) in Stage Il and 72 (50.3%) and 71
{49.7%) in Stage 1V, respectively. The prognostic value of CRP was
evident in CT Stage Il and IV disease (P =0.015 and P <0.001).

Figure 3 shows box plots of CRP and NLR in each CT stage. The
dofted line means the cutoff level, The fraction of patients with NLR
under the cutoff level was small especially in Stage IV, whereas most
patients in Stage I/l had lower CRP level than the cutoff level.

Figure4 demonstrates plots of the cumulative distribution function
of NLR and CRP. The degree of asymmetric distribution of CRP was
larger than that of NLR, with skewness coefficients of 5,568 and
4.803, respectively,

HR 95% Gl P value

Age

65 or younger 1

Older than 65 0.806 0.644-1.008 0.059
Gender

Male 0.985 0.788-1.232 0.897

Female 1
Performance status

0 1

1 1.261 0.924-1.720 0.143
Body mass index

<25 1

25 or greater 1.192 0.883--1.609 0.252
Location of the primary tumor

Head 1

Body~tail 1.499 1.199-1.873 «(0.001
Clinical CT stage

jlite i

m 2.225 1.666-2.972 <0,001

v 5351 3.996-7.166 <0.001
Cereactive protein (mg/dl)

1

0.45 or greater 2.323 1.820-2.966 <0.001
Neutrophil-lymphocyte ratio

<2.0 1

2.0 or greater 1.894 14742435 <0.001
Derived neutrophil-lymphocyte ratio

<23 1

2.3 or greater 1.576 1.234-2.012 <0,001
Platelet-lymphocyte ratio

<150 1

150 or greater 1.048 0.838-1.309 0.683
Modified Glasgow prognostic score

0 1

1 2.61 1.89-3.605 <0.001

2 1,465 0.906-2.369 0.112
Albumin (g/dl)

<3.5 1

3.5 or greater 1.161 0.801-1.683 0.431
CA19-9 (U/ml)

<1000 1

1000 or greater 2.002 1.591-2.519 <0.001

HR, hazard ratio; CI, confidence interval,

Discussion

Previous studies suggest that disease progression in cancer patients is
not only driven by the intrinsic properties of tumor cells, but also by
systemic host reactions. Some systemic factors, in the shape of cyto-
kines and other chemical messengers, may play an important role in
cellular proliferation and metastatic ability (3,4). Although the de-
tailed mechanisms have not been fully elucidated yet, several markers
that reflect systemic inflammation have been reported to be closely as-
sociated with patient prognosis in different types of cancer (5~12).
Among these inflammatory factors; we tested level of CRP, NLR,
dNLR, PLR and mGPS in a large Japanese PC cohort in the current
study, An Austrian group had already reported that NLR (18),
ANLR (19} and CRP (20} predicted clinical outcome, and our stady
aitned to validate their findings. As a result, we confirmed that NLR
and CRP have prognostic value in a large Japanese cohort similar to
the Austrian studies, On the other hand, PLR and mGPS did not
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Table 3. Multivariate cox regression

HR 95% CI P value
Age
65 or younger 1
Older than 65 0.834 0.665~1.045 0.115
Performance status
0 1
1 1.284 0.923-1.788 0.138
Location of the primary tumor
Head 1
Body-tail 1.07 0.842-1.359 0.582
Clinical CT stage
jau 1
il 2,191 1.638-2.931 <0001
v ’ 4.141 3.035-5.648 <0.001
C-reactive protein (mg/dl)
<0.43 1
0.45 or greater 1.695 1.308-2.197 <0.001
Neutrophil-lymphocyte ratio
<20 1
2.0 or greater 1404 1.078-1.830 0.012
CA19-9 (Uml)
<1000 1
1000 or greater 1.435 1.127-1,826 0.003
(@) Stage I /1T
1.07
0.8 P=0.004
2
53 0.67
2
£ 0.4
e S
W
0.21
0.0
T T ¥ 13
0 20 40 60
Survival Time (Months)
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0.81 P=0.125
L
ki
f 0.87
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£ 0.4
=
0
7 0.2
0.0
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Figure 1. Qverall survival curves stratified by neutrophil-lymphocyte ratio (NLR] for Stage i1l {a}, Stage lil {b) and Stage IV (c). Vertical lines represent censoring of

Survival Time (Months)

demonstrate any prognostic value in our cohort, possibly due to ethnic
difference and/or specificity of cancer type.

As compared with the Austrian cohort, there were more patients
with eatlier stage disease in our cohort. The fraction of Stage IV pa-
tients was 70% in the Austrian studies and 33% in this report. The
mean values of NLR and CRP were 4.75 and 2.32 mg/dl, respectively,
in the Austrian reports, and 3.06 and 0.80 mg/dl, respectively, in the
cutrent one. The median survival time and interquartile range were
7 and 3-17 months, respectively, in the Austrian cohort, and 11.6
and 7.1-20.1 months, respectively, in ours. Due to a high surgeon vol-
ume in our institute, we fortunately had an advantage in recruiting
many PC patients with earlier stage. In any case, the important fact
was that the prognostic impacts of NLR and CRP were confirmed in
resectable and unresectable PC patients, respectively, in both Euro-
pean and Asian cohorts.

Altheongh we verified the prognostic value of NLR and CRP in PC
patients, there were differences between the characters of NLR and
CRP as prognostic markers. One important point is.that NLR is a rela-
tive value. Because a neutrophil count of zerd is not a realistic situ-
ation, thus, NLR cannot approach zero (Fig, 4}, Figure 3 shows the
distribution of NLR and CRP in each clinical stage. The level of
NLR tended to become higher as the clinical stage progressed. Accord-
ingly, the cutoff level of 2,0 was appropriate for resectable disease but

(b) StageIll

P=0.079

Survival Rate
=]
A

[=1
N

e
<

0O 10 20 30 40 50 60
Survival Time (Months)

data. Black and gray linas indicate subgroup of patients with NLR <2.0 and those with NLR >2.0, respestively. Prognosis of patients with increased NL.R was
significantly pocrer in Stage 1l {P=0.004, log-rank test}.
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Figure 2. Overall survival curves stratified by C-reactive protein (CRP) for Stage /il (a), Stage Ul {b} and Stage IV (¢}, Vertical lines represent censoring of data. Black

{b) Stage Il
1.0+
0.8 P=0.015
Q
% 0.6
s
E 0.4+
w
0,24
0.0+ I

0 10 20 30 40 50 60
Survival time {months)

and gray lines indicate subgroup of patients with CHP <0.45 and those with CRP 20.48, respactively. Prognosis of patients with increased CRP was significantly

poorer in Stage I (P=0.018) and Stage WV (P<0.001, log-rank test).
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Figure 3. Box plots of CRP and NLR stratified by clinical stage. The dotted line denotes the cutoff lavel. The fraction of patients with NLR under the cutoff level was
small especially in Stage IV, whereas most patients in Stage Wil had lower CRF level than the cutoff level.

it was too low to show the statistical sigpificance in unresectable dis-
ease. If the cutoff level of NLR was set separately in each clinical stage,
the prognostic value of NLR would be evident in both resecrable and
unresectable diseases, In practice, when we applied the cutoff level of
5.0 for NLR, the resalt was opposite from the result mentioned above,

namely, the prognostic value of NLR was evident in unresectable dis-
ease, bt not evident in resectable disease. On the other hand, CRP
level is an absolute value, and small values-close to zero represent a
normal condition in general. To determine the cutoff level of CRP
for patients especially in early stage was difficnlt because almost all
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100.0%

80.0% -

60,0% -

40,0% -

Cumulative percentage

20.0%

0.0% - T T T T T T
0 § 0 15 20 26 30

Neutrophil-lymphocyte ratio

100.0%
&
2 50.0%
g
2. 60.0%
[
z
2
8 40.0%-
=
3
20.0%
ﬂka% T T E] k) 13 +

0 5 10 15 20 25
C-ractive protein

Figure 4. Cumulative distribution function plots of NLR and CRP. NLR-cannot approach zero (95% of the NLR in cur cohertwere distributed between 1.1 and 8.2). On
the contrary, small CRP values close 16 zero represent a normal condition. In the present study, 74% of the CRP levels were <0.5 mg/dl.

of the patients had a normal CRP level. For that reason; the prognostic
value of CRP was relatively clear for advanced disease.

In conclusion, we verified the results of the Austrian studies, and
revealed the prognostic value of NLR and CRP in a large PC cohort.
We also found that the cutoff value of 2.0 for NLR clearly demon-
strated prognostic value in potentially resectable disease, whereas
CRP was a useful prognostic factor in patients who are not good
candidates for curative resection. Further investigations to clarify the
optimal NLR and CRP cutoff levels are warranted.
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Abstract

AIM: To examine whether diabetes-related genetic
variants are associated with pancreatic cancer risk.

METHODS: We genotyped 7 single-nucleatide poly-
morphisms (SNPs) in PPARGZ (rs1801282), ADIPOQ
(rs1501299), ADRB3 (rs4994), KCNQ1 (rs2237895),
KCNJI11 (rs5219), TCF7L2 (rs7903146), and CDKALI
(rs2206734), and examined their associations with
pancreatic cancer risk in a multi-institute case-control
study including 360 cases and 400 controls in Japan.
A self-administered questionnaire was used to collect
detailed information on lifestyle factors. Genotyping
was performed using Fluidigm SNPtype assays. Un-
conditional logistic regression methods were used to
estimate odds ratios (ORs) and 95% confidence inter-
vals (ClIs) for the association between these diabetes-
associated variants and pancreatic cancer risk.

RESULTS: With the exception of rs1501299 in the
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ADIPOG gene (P = 0.09), no apparent differences in
genotype frequencies were observed between cases
and controls. Rs1501299 in the ADPIOQ gene was
positively associated with pancreatic cancer risk; com-
pared with individuals with the AA genotype, the age-
and sex-adjusted OR was 1.79 (95%CI: 0.98-3.25)
among those with the AC genotype and 1.86 (95%CI:
1.03-3.38) among those with the CC genotype. The
ORs remained similar after additional adjustment for
body mass index and cigarette smoking. In contrast,
rs2237895 in the KCMQ! gene was inversely related to
pancreatic cancer risk, with a multivariable-adjusted
OR of 0.62 (0.37-1.04) amang individuals with the CC
genotype compared with the AA genotype. No signifi-
cant associations were noted for cther 5 SNPs,

CONCLUSION: Our case-control study indicates that
rs1501299 in the ADIPOQ gene may be associated
with pancreatic cancer risk. These findings should be
replicated in additional studies.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Single-nucleotide polymorphisms; Pancre-
atic cancer; Risk; Case-control study; Odds ratio

Core tip: Although it is likely that a common genetic
background predisposes individuals to developing both
diabetes and pancreatic cancer, very few molecular
epidemiologic studies have addressed this issue. We
therefore genotyped 7 diabetes-related genetic vari-
ants and found that rs1501299 in the ADIPOQ gene
may be associated with pancreatic cancer risk. The
role of adiponectin variants needs further study.

Kuruma S, Egawa N, Kurata M, Honda G, Kamisawa T, Ueda
J, Ishii H, Ueno M, Nakao H, Mori M, Matsuo K, Hosono
8, Ohkawa S, Wakai K, Nakamura K, Tamakoshi A, Nojima
M, Takahashi M, Shirmada K, Nishiyama T, Kikuchi S, Lin
Y. Case-control study of diabetes-related genetic varianis and
pancreatic cancer risk in Japan. World J Gastroenterol 2014;
20(46): 17456-17462 Available from: URL: hitp:/fwww.wignet.
com/1007-9327/full/v20/i46/17456 . htm DOIL: hitp://dx.doi.
org/10.3748/wjg.v20.146.17456

INTRODUCTION

The etiology of sporadic pancreatic cancer remains
latgely unknown. Epidemiologic studies have consistent-
ly shown that pancreatic cancer is positively associated
with cigarette smoking and long-standing diabetes™. A
2005 meta-analysis reported that the 1isk for pancreatic
cancer is 82% higher among diabetics compared with
those without diabetes™, though it is unclear which fac-
tors undetlying diabetes ate associated with pancreatic
cancet. Most epidemiological studies have been limited
by self-reporting of diabetes and by the lack of objec-
tive biomatkers, such as fasting plasma glucose or insulia

WIG | www.wijgnet.com

Kuruma S ef 4/. Genetic variants and pancreatic cancer

levels, to address the temporal relationship between did-
betes and panereatic cancet. There is increasing evidence
from clinical studies that pancreatic cancer induces
new-onset diabetes™, The evidence available thus far
strongly suggests that the relationship between dizbetes
and pancteatic cancet is bi~directional.

Given the well-recognized, positive association be-
tween type 2 diabetes and pancreatic cancer risk in epide-
miological studies, it may be interesting to examine wheth-
er diabetes-related genetic variants may also be associated
with pancreatic cancer risk, Genome-wide association
studies (GWAS) have reported that at least 30 loci ate as-
sociated with susceptibility to diabetes in various popula-
tions, with the majority originating from individuals of
European descent™, Because of the potential differences
in fat distribution and genetic background between Asian
and Western populations™, we focused on diabetes-relat-
ed genetic variants reported in studies of Japanese popu-
lations, and variants that were fitst reported in GWAS of
othet populations and then replicated in Japanese popula-
tions. Among the 7 diabetes susceptibility genes we chose
for the present study, PPARGZ, ADIPOQ, and ADRB3
have been shown to be closely associated with diabetes
tisk in Japanese subjects”; KCINQ7 was reported as a dia-
betes susceptibility gene simultaneously by 2 independent
Japanese tesearch groups in 2008, KCN71, TCF7L2,
and CDKALT were also reported to be associated with
diabetes susceptibility in GWAS of Japanese subjects’™,

Although it is likely that a common genetic back-
ground predisposes individuals to developing both diabe-
tes and pancreatic cances, very few molecular epidemio-
logic studies have addressed this issue, We hypothesized
that diabetes susceptibility genetic variants may be associ-
ated with an increased risk of pancreatic cancer in Japa-
nese subjects. We therefore genotyped 7 single-nucleotide
polymorphisms (SNPs) in PPARG2 (1s1801282), ADI-
POQ (51501299), ADRB3 (£54994), KCNQT (£s2237895),
KCNJT1 (£55219), TCF7L.2 (£s7903146), and CDKALYT
(£s2206734) and examined their associations with pancre-
atic cancer fisk in 2 mult-institute, case-control study in
Japan.

MATERIALS AND METHODS
Study subjects

The putpose of our case-control study was to evaluate
the role of genetic polymotphisms and gene-environ-
ment interactions in the development of pancreatic
cancer in Japanese subjects. The details of the study
design have been described elsewhere”. Briefly, cases
were defined 4s patients who were newly-diagnosed with
pancteatic ductal adenocatcinoma at five participating
hospitals from Apsil 1, 2010, through May 15, 2012. A.
diagnosis was made according to imaging modalities
and further confirmed by pathology reports. Pathologi-
cally confirmed cases represented approximately 90%
of all cases in this study. During the same time petiod,
we recruited the majotity of control subjects from in-
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Cases Controls
n = 3460 n = 400
Age, mean £ 8D 678188 648+95
Sex
Male 215(59.7) 226 (56.5)
Female 145 (40.3) 174 (43.5)
BMI, mean £ D 229+£33 228+3.2
History of diabetes
Yes 87 (241) 35387
No 269 (74.7) 362 {90.5)
Cigarette smoking
Ever 215(59.7) 198 (49.5)
Never 145 (40.2) 202 (50.5)
Age upon starting smoking (mean & SD) 218£4.8 205+45
Number of cigarettes smoked per day 203£9.0 162£9.2

(mean  5D)

BMI: Body mass index.

Rs number Gene Chromosome  Risk allele'  Alternative
location allele
rs1801282 PPARG2 3p25 C G
151501299 ADIPOQ 327 C A
rsd994 ADRB3 8p12 C T
152237895 KCNQ1 11pl5 C A
135219 KCNJ11 1123 T C
157903146 TCF7L2 1025 T C
152206734 CDKALIL 6p22 A G

"Based on the odds ratios reported for the association between T2D risk al-
lele and T2D risk in previous studies.

patients and outpatients as well as from individuals who
underwent medical checkups at one of the participating
hospitals. None of the control subjects had a history
of cancer. The diagnoses for hospital control subjects
included a variety of diseases, such as anemia, gastric
uleers, and irgitable bowel syndrome. The response rate
was 85% (441/516) for cases and 98% (525/534) for
control subjects as of July 1, 2012. The control subjects
were frequency matched to the case patients on sex and
age (within 10-year categories). As a result, 360 case
patients and 400 control subjects were included in the
present analysis.

All the study subjects provided written informed
consent. Qur study was approved by the Ethics Board
of Aichi Medical University and by all the participating
hospitals.

Data collection

Using a self-administered questionnaire, we- collected de-
tailed information on demogtaphic characteristics, medical
history, and lifestyle factors. In addition to the queston-
naire survey, we obtained a 7-mL venous blood sample
from all consenting participants. Genotnic DNA was
extracted from petipheral lymphocytes and subsequently
stored at -30 "C until analysis.

WIG | www.wjgnet.com
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Genofyping assays

Genotyping was performed using Fluidigm 192.24 Dy-
namic Array with BioMark HD Systems and EP1 (Flu-
idigm Corp., CA). We applied SNPtype assay (Fluidigm
Corp., CA) which employs allele-specifically designed
fluorescences (FAM or VIC) primers and a common fe-
verse primer. We analyzed the data by the BiolMatk SNP
Genotyping Analysis software to obtain genotype calls,
The software defined genotype of each sample based on
the relative intensities of fluorescences. The laboratory
staff members were blinded to case or control status.
Four quality contral samples wete included in each assay,
and the successful genotyping rate was 100%.

Statistical analysis

A g test was used to test genotype frequencies in con-
trol subjects for Hardy-Weinberg equilibrinm (HWE)
by comparing the observed genotype frequencies with
those expected under HWE. The differences in geno-
type frequencies between cases and controls wwere also
tested using a y° test. Because the biological function of
most SNPs has not been cleady defined, a co-dominant
genomic model was assumed for SNP effects, We used
unconditional logistic regression methods to estimate
odds ratios (ORs) and 95% confidence intervals (CI8)
for the association between diabetes-associated variants
and pancreatic cancer risk. All analyses were adjusted
for age (continuous), sex (male or female), BMI (< 20,
20-22.4, 22.5-24.9, or = 25.0), and cigarette smoking
(current, former, or never smokers). ORs were also es-
timated for the risk allele on the basis of a log-additive
model,

All P values were two-sided, with P < 0.05 indicating
statistical significance. All statistical analyses were pet-
formed with EZR (Saitama Medical Center, Jichi Medical
University), which is a graphical user interface for the R
program (The R Foundation for Statistical Computing).
Mote precisely, EZR is 2 modified version of R com-
mander designed to add statistical functions frequently
used in biostatistics,

RESULTS

The distribution of genotypes for all SNPs among con-
trol subjects did not deviate from HWE. Table 1 shows
the selected characteristics of cases and controls. The
mean BMI was similar between cases and controls, The
aumber of individuals who had 4 history of diabetes
was 87 (24.1%) in cases and 35 (8.7%) in controls. The
OR was 2.95 (95%CI: 1.90-4.57) for those who had 2
history of diabetes. Individuals who had 2 BMI of 30
ot greater bad a 1.21-fold increased risk; however, the
association was not statistically significant. The namber
of ever smokers (including curtent and former smokers)
was 215 (59.7%) in cases and 198 (49.5%) in comtrols.
The SNP profile is summazized in Table 2.

Table 3 shows the associations of pancreatic cancer
with iadividual SNPs in the following genes: PPARG2
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Gene SNP Gernotype Case, n Control, 7 Age- and sex-adjusted OR (95%C1)  'Multivariable-adjusted OR (95%CI)
PPARG?2 151801282 GG +Ca 26 27 1.00 1.00
cc 334 373 0,83 (0.47-1.46) 077 (043-1.38)
ADIPOQ rs1501299 AA 19 38 1.00 1.00
AC 155 167 1.72{0.98-3.25) 1.71 (0.93-3:15)
cC 186 195 1.86 {1.03-3.38) 1.85(1.01-3.39)
CDKALL 152206734 aG 114 138 1.00 1.00
AG 184 195 115 (0.83-1.59) 118 (0.85:1.64)
AA 62 67 1.16 (0.75-1.79) 1.21 (0:78-1.89)
ADRB3 154994 T 228 255 1.00 1.00
cT 114 131 0.92 {0:67-1.25) 0,88 (0.641.21)
ce 18 14 1.7 (0.66-2.83) 1.36 (0.65-2.87)
KCNQ1 152237895 AA 153 156 1.00 1.00
AC 175 193 0.95 {0.70-1.29) 0,92 (0.67-1.26)
e 32 51 0.62 (0.37-1.02) 0.62 (0.37-1.04)
KCNji1 15219 cC 150 159 1.00 1.00
cr 157 192 0.87(0.64-1.18) 0.90 (0.66-1:24)
T 53 49 1.14 (0.72-1.79) 1:19 {0.75-1.90)
TCF7L2 157903146 cC 354 394 1.00 1.00
CT+TT 6 6. 120 (0.38-.83) 1.16{0.36-3.72)

Adjusted for age, sex, body mass index, and cigarette smoking:

(£s1801282), ADIPOQ (rs1501299), ADRB3 (£54994),
KCNQ7 (£s2237895), KCNJ11 (£s5219), TCF7L.2
(:57903146), and CDKALY (152206734). With the excep-
tion of 151501299 in the ADIPOQ gene (P = 0.09), no ap-
parent differences in genotype frequencies were observed
between cases and controls. Re1501299 in the ADPOQ
gene was positively associated with pancreatic cancer risk;
the age- and sex-adjusted OR was 1.79 (95%CI: 0.98-3.25)
among those with the AC genotype and 1.86 (95%CL:
1.03-3.38) among those with the CC genotype when
compared with individuals with the AA genotype. The
ORs remained similar after additional adjustment for clg-
arette smoking and BMIL Under the log-additive model,
each additional copy of risk allele C was associated with a
12-fold increased risk of pancreatic cancer (OR = 1.22,
95%CIL 0.96-1.55). In contrast, 152237895 in the KCNQT
gene was Inversely related to panctreatic cancer risk, with
a multivariable-adjusted OR of 0.62 (0.37-1.04) among
individuals with the CC genotype compared with those
with the AA genotype. No significant associations were
noted for the other 5 SNPs.

DISCUSSION

In this case-control study, we genotyped 7 diabetes-asso-
ciated genetic polymorphisms, and found that 2 variants
in-the ADIPOQ and KCNQT genes were associated with
pancreatic cancer tisk in Japanese subjects. The tisk vari-
ant in the ADIPOQ gene had a 1.9-fold increased risk,
whereas the tisk variant in the KCNQT gene was inverse-
ly associated with risk.

Studies examining the association between diabetes-te-
lated genetic variants and pancreatic cancer tisk were very
limited, and the results were inconsistent. In a case-control
study examining 15 SNPs in several obesity- and diabetes-
related genes, two FTO gene variants (158050136 and

139939609) and one ADIPOQ gene variant (rs17366743)
were positively associated with pancreatic cancer risk;
howevet, these associations were observed only in indi-
viduals who were overweight™.

Of the 37 diabetes tisk alleles examined by Pietce ¢
4l only two SNPs (158050136 in FTO and rs1387153 in
MTINRTB) showed significant positive associations with
pancreatic cancer risk. However, ADIPOQ gene varxi-
ants were not included in their analyses. We found that
151501299 in the ADIPOQ gene had a positive associa-
tion with pancreatic cancer risk, with the risk variant CC
genotype conferting an approximate 1.9-fold increased
risk compared with the AA genotype. The precise mech-
anism linking this SNP to pancreatic cancer risk is not
clear. Adiponectin, which is secteted by adipose tissue,
acts as an endogenous insulin-sensitizing hormone!'”
and activates intracellular signaling pathways, including
AMPK, PPARq, and NF-«B, by binding to twa tecep-
tors, AdipoR1 and AdipoR2™, AdipoR1 has been re-
ported to be upregnlated in pancreatic cancer””. The ad-
iponectin gene is located on chromosome 3q26, 4 region
associated with susceptibility to the development of type
2 diabetes"”. Rs1501299 in the ADIPOQ gene has been
shown to be cortelated with adiponectin levels, with the
CC genotype exhibiting decreased levels of adiponectin
compared with the AA genotype®, Low adipanectin
concentrations contribute to insulin resistance, type 2
diabetes, and atherosclerosis”” as well as obesity-related
cancets, including breast and colotectal, cancers™™, A
prospective study showed that low plasma adiponectin
levels are associated with an increased tisk of pancre-
atic cancer, independent of other markers of insulin
resistance™. Given the essential role of adiponectin
in insulin resistance and the strong evidence support-
ing the positive association of pancreatic cancer with
obesity, insulin tesistance, and hyperinsulinemia in both
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epidemiological and mechanistic studies, it is likely that
genetic variations in the adiponectin pathway may affect
pancreatic cancer risk through their effects on circulating
adiponectin.

KCNQT (potassium voltage-gated channel KQT-like
subfamily, member 1) encodes the pore-forming subunit
of avoltage-gated K+ channel (KvLQT1) and plays a key
role in the repolarization of cardiac action potential as a
water and salt transporter in epithelial tssues™, KCNQT
is also expressed in pancreatic islets™, and a blockade of
the channel with the KCNQ/7 inhibitor 293B stimulated
insulin secretion®. ‘To date, variants in the KCNOT gene
exert the greatest effects on the risk of type 2 diabetes
in Asians™. Of the several SNPs in the KCNQ/7 gene
that are associated with increased type 2 diabetes risk in
Asians™™" we selected 152237895 because this SNP was
repotted to be significantly associated with diabetes tisk
in both GWAS of Japanese people. Furthermore, in a
previous study examining the effects of 4 SNPs in the
KCNQ1T gene (£s2237892, rs2283228, 52237895, and
£s2237897) on serum insulin levels following an oral glu-
cose tolerance test in approximately 6000 Scandinavian
individuals, only the C risk allele of rs2237895 was asso-
ciated with reduced insulin release™. A 2012 meta-anal-
ysis confirmed that the C risk allele of 52237895 in the
KCNQ7 gene increases the risk of diabetes by 352%™,
However, we found that the C risk allele of 152237895
was associated with a decreased tisk of pancreatic can-
cer; which is unexpected and contrary to our hypothesis.
This finding may be due to chance, but the mechanisms
undetlying this inverse association should be explored in
further studies.

Diabetes is a complex discase, and susceptibility is
determined by both genetic and environmental factors,
Additionally, pancteatic cancer develops only in a subset
of diabetics. Thus, these factors led us to postulate that
certain diabetes-predisposing vatiants may be associated
with a deereased risk of pancreatic cancer. A nested case-
control study offeted supporting evidence that circulat-
ing markers of peripheral insulin resistance, rather than
pancreatic f-cell dysfunction, were independently associ-
ated with pancreatic cancer 1isk”™”. This finding, together
with our observation of the positive assoclation between
51501299 in the ADIPOQ gene and pancreatic cancer
tisk, indicates that genetic variations influencing insulin
resistance and their impact on citculating biomarkers are
closely associated with pancreatic cancer risk,

" No significant differences were observed in the geno-
type distributions between cases and controls in this
study, with the exception of 151501299 in the ADIPOQ
gene, Other than SNPs in the ADIPOQ and KCNQGT
genes, none of the 5 SNPs we genotyped wete associated
with pancteatic cancer risk. Among the genes examined
in this study, TCF71.2, the most significant diabetes-telat-
ed gene in Western populations, did not show any signifi-
cant associations in this study: One possible reason for
this result is the difference in the minor allele frequency.
The very low frequency of TCF7L2 risk genotypes in
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this study might make the detection of significant as-
sociations. difficult. The mull association for these SNPs
suggests that other causal SNPs in these genes may be
involved in pancreatic cancer susceptibility, and further
studies are warranted to identify novel risk vatiants.

Our findings should be interpreted cautiously due
to several limitations of this study. First, the results ob-
tained may be due to chance because of the inadequate
statistical power or bias inherent in case-control stud-
ies. Second, pathology reports wete not available for
all cases, However, we performed an analysis excluding
those cases without pathology reports, and found that
the positive association between 151501299 in the . 4DI-
POQ gene and pancreatic cancer remained unchanged.
Thitd, we did not genotype SNPs that have been shown
to be related to diabetes-related quantitative traits, in-
cluding fasting plasma glucose, insulin, and homeostasis
model assessment of (-cell function (HOMA-B). These
biomarkers have been shown to be associated with pan-
creatic cancer risk in previous prospective studies® ",
Fourth, we did not examine serum levels of adiponectin
in this study. Additional studies are necessary to clarify
the effects of genetic polymorphisms on serum levels of
adiponectin and evaluate their roles in the development
of pancreatic cancer. Finally, we cannot exclude the pos-
sibility that the observed SNPs are in linkage disequi-
librivm with causal variants in the same gene or other
genes. Further comprehensive analyses of SNPs in the
two genes are required to identify the causal variants that
confer susceptibility to diabetes or pancreatic cancet.

In summary, the results of our case-contro] study in-
dicate that ts1501299 in the ADIPOQ gene may be asso-
ciated with pancreatic cancer tisk. These findings should
be replicated in additional studies.
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Background

Given the well-recognized, positive association between type 2 diabetes and
pancreatic cancer risk in epidemiological studies, it may be Interesfing to ex-
amine whether diabetes-related genetic variants may also be associated with
parcreatic cancer sk,

Research frontiers .

Although it Is likely that-a comman genetic background predisposes individuals
to developing both diabetes and pancreatic caricer, very few molecular épide-
miologic studies have addressed this issug.

Innovations and breakihroughs ,

This case-control study Indicates that rs1501289 in the ADIPOQ gene may be
associated with pancreatic cancer risk in Japanese subjects.

Applications

Genetic variations in the adiponactin pathway may affect pancreatic cancer risk
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through their effects on circulating adiponectin. Further comprehensive analy-
ses of SNPs in this gene are required to identify the causal variants that confer
susceplibility to diabetes or pancreatic cancer.

Terminology

Single-nucleotide polymorphisms (SNP) are the most common type of genetic
variation among individuals. Some SNPs have been linked to increased sus-
cepfibility to disease.

Peer review

Very few molecular epidemiclogic studies have addressed the issue about the
common genetic background which predisposes individuals to developing both
diabetes and pancreatic cancer. This a good case-control study, try to examine
whether diabetes-related genetic variants are associated with pancreatic cancer
risk-in Japan. Seven diabetes-related genetic variants were therefore geno-
typed and it was found that rs1501299 in the ADIPOQ gene may be asscciated
with pancreatic cancer risk, although the rofe of adiponectin variants has not
been clarified yet.
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Abstract

Background: We aimed fo evaluate the role of genetic polymorphisms in tobacco carcinogen-metabolizing
genes and their interactions with smoking in a hospital-based case-control study of Japanese subjects, Materials
and Methods: We examine the associations of pancreatic cancer risk with genetic polymorphisms in GSTM1,
GSTT1 and GSTF1, phase II enzymes that catalyze the conjugation of toxic and carcinogenic electrophilic
molecules. The study population consisted of 360 patients and 400 control subjects, who were recruited from
several medical facilities in Japan, Unconditional logistic regression methods were used to estimate odds ratios
(ORs) and 95% confidence intervals (Cls) for the associations between genotypes and pancreatic cancer risk.
Results: Among the control subjects, the prevalence of the GSTM1-null genotype and the GSTT1-null genotype
was approximately 56% and 48 %, respectively. Cases and controls were comparable in terms of GSTM1 and
GSTT1 genotype distributions. Neither of the deleted polymorphisms in GSTM1 and GSTT1 was associated with
the risk of pancreatic cancer, with an age- and sex-adjusted OR of 0.99 (95%CI: 0.74-1.32) for the GSTMI-null
genotype, and 0.98 (95%CI: 0.73-1.31) for the GSTT1-nnll genotype. The OR was 0.97 (95%Cl: 0.64-1.47) for
individuoals with the GSTM1 and GSTT1-null genotypes compared with those with the GSTM1 and GSTT1-
present genotypes. No synergistic effects of smoking or GST genotypes were observed. Conclusions: Our results
indicate no overall asseciation between the GSTM1 and GSTT1 deletion polymorphisms and pancreatic cancer
risk in the Japanese subjects in our stady.

Keywords: GSTMI1 - GSTT1 - GSTP1 - pancreatic cancer - risk
Asian Pac J Cancer Prev, 15 (1), 391-395

Introduction

The etiology of pancreatic cancer remains largely
unknown. Bpidemiologic studies have consistently shown
positive associations between pancreatic cancer with
- cigarette smoking and long-standing diabetes (Duell,
#79012; Ben et al.,, 2011). According to a 2008 meta-
analysis, eurrent smokers had approximately double the

risk of pancreatic cancer relative to nonsmokers (lodice
et al., 2008). Althongh the exact mechanisms underlying
the smoking-pancreatic cancer association remain to be
clarified, similar to tobacco-induced cancers, a DNA
adduct is thought to play a crucial role in pancreatic
carcinogenesis, The accumulation of unrepaired genetic
mutations due to tobacco-derived carcinogen-DNA
adducts can cause disruption of cell cycle checkpoints
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and chromosomal instability (Hecht, 2008).

The process of carcinogen metabolism involves phase
Tmetabolic activation and phase I detoxification [5], with
a variety of enzymes involved in each phase. Cytochrome
450 (CYP1AI) is a phaseenzyme that initiates metabolic
activation of carcinogens (Nebert etal., 2006). Glutathione
S-transferases ((GSTs) are the principal phase Il enzymes
that catalyze the conjugation of toxic and carcinogenic
electrophilic molecules (Hayes et al., 2005). Three
common polymorphisms in the GSTMI, GSTT1 and
GSTP1 genes have been extensively studied in molecular
epidemiologic studies due to their varied effects on enzyme
activity (Moyer et al., 2007; Moyer et al., 2008). Variants
in the GSTM and GSTT1 genes have attracted the most
attention because inherited homozygous deletions of the
GSTT1 and GSTM genes lead to an absence of enzyme
activity, therefore increasing disease susceptibility. For
GSTP1,asingle nucleotide substitution (A-G) at position
313 of the GSTPI gene (151695) substantially diminishes
GSTPI enzyme activity (Moyer et al., 2006). Loss-of-
function (LoF) deletion polymorphisms in the GSTMI
and GSTT1 genes have been linked to an increased risk
for many cancers, including head and neck, lung, liver,
colon and pancreatic cancers (Geisler et al., 2001; Moore
et al., 2005; White et al., 2008; Carlsten et al., 2008; Cote
etal., 2009; Jang et al.,2012). Compared with GSTT1 and
GSTM1 genetic polymorphisms (Bartsch et al.,1998; Liu
et al,, 2000; Duell et al., 2002; Jiao et al., 2007; Vrana et
al.,2009; Jang et al., 2012), very few studies have studied
GSTP1 genetic polymorphisms and their associations with
pancreatic cancer risk. Only one previous study reported
that GSTP1 polymorphisms were significanily associated
with pancreatic cancer survival (Jiao et al., 2007)

Because the frequencies of GST genotypes vary across
populations and ethnicities (Di Pietro et al., 2010), large
inter-individual differences might exist in the metabolic
Tesponse to carcinogen exposure. As a result, the risk of
pancreatic cancer could be partly determined by these
factors, In this study, we examined the associations of
pancreatic cancer risk with genetic polymorphisms in
GSTM1, GSTT1 and GSTP1 in Japanese subjects, using
a hospital-based case-control study.

Materials and Methods

Study subjects

‘We aimed to clarify the roles of genetic polymorphisms
and gene-environment interaction in the development of
pancreatic cancer, using data obtained from an ongoing
midti-institutional case-control study. The details of our
case-control study have been described elsewhere (Lin
et al., 2013). Briefly, the eligible cases were patients
who were newly diagnosed with pancreatic cancer at
five hospitals from April 1, 2010, through May 15, 2012.
Imaging modalities and pathologic reports (if available)
were used for pancreatic cancer diagnosis. During the
same time period, we enrolled control subjects from the
following three sources: 1) inpatients and outpatients
from the same participating hospitals where the cases

were enrolled; 2) relatives of inpatients from the same.

participating hospitals where the cases were enrolled; and

392 Asian Pacific Journal of Cancer Prevention, Vol 15, 2014

3) individuals who were undergoing medical checkups
at one of the participating hospitals. All of the control
subjects who were recruited from among inpatients and
outpatients had no prior diagnoses of cancer at the time of
enrollment. The diagnoses for control subjects included
a variety of diseases, such as anemia, gastric ulcers and
irritable bowel syndrome. We achieved a response rate of
85% (441/516) for cases and 98% (525/534) for control
subjects as of July 1, 2012. The control subjects were
frequency matched to the case patients by sex and age
(within 10-year categories). As a result, the data from 360
case patients and 400 control subjects were included in
the present analysis.

We obtained written, informed consent from all of
the study subjects. The ethical board of Aichi Medical
University and all of the participating hospitals approved
this study.

Data collection

The study participants completed a self-administered
questionnaire covering information on demographic
characteristics, medical history and lifestyle factors,
such as cigarette smoking, alcohol consumption and
dietary intake. Information on cigarette smoking included.
smoking status (never, former or current smokers), average
number of cigarettes smoked per day, age at starting and
quitting smoking and duration of smoking. In addition to
lifestyle information, a 7-mL venous blood sample was
collected from all of the consenting participants.

Genomic DNA was extracted from peripheral
lymphocytes in the blood at SRL Hachioji Laboratory
and was stored at -30°C until genotyping.

Genotyping assays

All of the genotyping was conducted in the laboratory
of Aichi Cancer Center Research Institute in Nagoya,
Tapan, with the laboratory staff blinded to case or control
status, For GSTM1 and GSTT1, the genotyping was
performed using the Tagman SNP Genotyping assay,
Two quality control samples were included in each assay.
The assays weie undertaken independently using 30-50
ng of genomic DNA in a 10-pL reaction. The reactions
were performed in a 96-well plate format. The GSTM1
and GSTT1 real-time assays were conducted using 4
pl. of the 2xGenotyping Master Mix Universal (ABI).
The thermocycling conditions were as follows: 50°C
for 2 minutes and 95°C for 10 minutes, followed by 40
eyeles 95°C for 15 seconds and 56°C for 1 minute and
30 seconds. Real-time-fluorescence was monitored during,
PCR amplification, and the results were analyzed using
Applied Biosystems 7500 Real-Time PCR systems. The
GSTPI1 rs1695 polymorphism was genotyped. using
Fluidigm SNPtype assays.

Statistical analysis

Deviation from Hardy-Weinberg equilibrinm (HWE)
in the control subjects was evaluated using the chi-squared
test. Unconditional logistic regression methods were used
to estimate odds ratios (ORs) and 95% confidence intervals
(CIs) for the associations between GST genotypes and
pancreatic cancer tisk. All of the analyses were adjusted
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for age (continuouns) and sex {(male or female). The
interaction of genotype and smoking with regard to
pancreatic cancer risk was assessed using a likelihood
ratio test.

The statistical tests were two-sided, and a P-value less.

than 0.05 was considered statistically significant. All of the
statistical analyses were performed using SAS software,
version 9.2 (SAS Institute, Inc., Cary, NC, USA).

Results

Table 1 shows the distributions of selected
characteristics and risk factors for pancreatic cancer. The

cases were more likely to be current smokers and to have:

a history of diabetes, compared to the controls. The OR
was 2.86 (95%CI: 1.79-4.57) for current smokers after
adjustment for age, sex, BMI and history of diabetes.
Subjects who reported a history of diabetes had a 2.9-fold
increased risk of pancreatic cancer (OR=2.94; 95%CI:
1.90-4.57).

As shown in Table 2, the prevalence of the GSTM1-
null genotype and GSTT1-null genotype among the
control subjects was approximately 56% and 48%,
respectively, The cases and controls were comparable

Table 1. Characteristics of Case Patients and Control
Subjects

Characteristics Case patients Control subjects OR (95% C1)
(N=360) (N=400)
Mean agexSD 67.8+8.8 64.8+9.5
Male (%) 215(58.7) 226 (56.5)
Body mass index (kg/m?)
<25 278 (112) 312 (78.0) 1.00
250-29.9 64.(17.8) T3(1877) 096 (0.65-143)
=30 16 (443 12(3.0) 1.21(0.53-2.77)
Unknown 2(0.6) 1(03)
Smoking status
Non-smokers 145 (40.2) 202.(50.5) 1.00
Formersmokers 119 (33.1) 140350y  1.23 (0.82-185)
Current Simokers 96 (26.7) 58(14.5)  2.86(1.79-457)
History of diabetes
No 269 (74.7) 362(90.5)  1.00
Yes 87(242) 35(8.7y 284(1.90-4357
Unknown 4(1.1) 3(0.8)

#(R; odds ratio, Cl; confidence interval, 8D; standard deviation, OR was
adjusted for sex, age, body mass index, history of diabetes, and cigarette smoking.
The numbers showxn in parentheses are percentages

Table 2. Association of Pancreatic Cancer with GSTM1

and GSTT1 Polymorphisms
Case patients Control subjects OR

(n=360) (n=400) (95%. CI
 GSTML

Present 160 (44.4) 175 (43.8) 1.00

Null 200 (55.6) 225 (56.2) 0.99 (0.74-1.32)

GSTTL

Present 193.(53.6) 209 (52.3) 1.00

Null 167 (46.4) 191 (47.7) 0.98 (0.73-1.31)
*GSTPI (1s1695)

AA 266 (73.9) 284 (71.0} 1.00

AG 88 (244 113 (283) 0.83 (0.60-1.16}

GG 617 307 241 (0.58-9.98)

AG+GG 94.(26.1) 116 (29.0) 0.87 (0.63-1.20)

#*(R: odds ratio; CI: confidence interval, OR was adjusted for age and sex

Astan Pacific Journal of Cancer Prevention, Vol 15, 2014

Table 3. Joint Efects of GSTT1, GSTMI1 Genotypes
on Pancreatic Cancer Risk

GSTTI  GSTMI Case  Contfrol OR
patients subjects (95%CTy
Present Present 85 87 1.00
Present Null 108 122 095(0.64-142)
Null Present 75 88  0.93(0.60-1.45)
Null Null 92 103 097(0.64-147)

P for interaction=0.62

*QOR: odds ratio; CE: confidence inferval, OR was adjusted For age and sex

Table 4. Joint Effects of Smoking and GSTT1, GSTM1
Genotypes on Pancreatic Cancer Risk

GSTT!  Smoking Case  Control OR
patients subjects: (95%CI)
Present  Non-smokers 71 103 1.00
Present  Current smokers 47 28 322 (1.72-6.04)
Null Non-smokers 74 99 1.080.70-1.67)

Null Current smokers 49 30 3.27 (1.76-6.06)

Pfor interaction=0.79

GSTM1

Present  Non-smokers 67 98 1.00
Presnt  Current smokers 44 23 3.67 (1.93-6.98)
Null Non-smokers 78 104 1.08 (0.65-1.68)
Nuil Current smokers 52 35 292 (1.63-5.25)

P for interaction=0.39

*OR: odds ratio; CL: confidence interval, OR was adjusted for age and sex

in terms of GSTM1 and GSTT1 genotype distributions.
Neither of the deleted polymorphisms in GSTMI and
GSTT1 was significantly associated with the risk of
pancreatic cancer, with an age- and sex-adjusted OR of
almost 1.0. The results remained unchanged after further
adjustment for BMI, history of diabetes and cigarette
smoking (data not shown). The distribution of GSTP1
151695 genotypes among the control subjects deviated
from HWE (p=0.02). No significant associations were
observed between 181695 genotypes in GSTPI and the
risk of pancreatic cancer. Compared with individuals with
the AA genotype, the age- and sex-adjusted OR was 0.87
(95%CL: 0.63-1.20) among those with the AG and GG
genotype.

Table 3 shows the combined effects of GSTM1
and GSTT1 polymorphisms on pancreatic cancer risk.
The OR was 0.97 (0.64-1 47) for individuals with the
GSTM1 and GSTT1-null genotypes compared with those
with the GSTMI and GSTT I-present genotypes. No
statistically significant interactions were noted (P=0.62).
No synergistic effects of smoking or GST genotypes
were observed (Table 4), The risk estimates were similar
for current smokers with the GSTT1 or GSTM 1-null
genotypes, compared to current smokers with the GSTT1
or GSTM1-present genotypes.

Discussion

We evaluated the associations between genetic
polymorphisms in GSTM1 and GSTT1 and pancreatic
cancer risk in Japanese subjects. We found that neither
the GSTM1-null genotype nor the GSTT1-null genotype
was associated with increased pancreatic cancer risk.
Furthermore, although smoking was significantly

393

Il - 431



Tkuhiro Yamada et al

agsociated in our study with an increased risk of pancreatic
cancer, the results of the gene-environment interactions
did not indicate a synergistic effect of smoking and GST-
null genotypes on the risk.

The frequencies of GSTM1 and GSTT1-null genotypes
vary widely across ethnicities. It has been shown that
Asians and Caucasians display higher frequencies of
GSTMI-null genotypes than African populations (Di
Pietro et al,, 2010). The prevalence of the GSTT1-null
genotype is low in Caucasians, and it is significantly
greater in Asian populations. In our control group, the
GSTT1-null genotype represented approximately 48%
of the subjects, which was greater than the percentage
reported in Caucasians (Di Pietro et al.,, 2010). The allele
frequencies for GSTT1 and GSTM1 in our study were
similar to those reported in other Asian populations (Di
Pietro et al., 2010).

Previous studies have yielded mixed results regarding
the associations between GSTT and GSTM polymorphisms
and pancreatic cancer. To date, at least six case-control
studies have addressed this association (Bartsch et al.,
1998; Liu et al., 2000; Duell et al., 2002; Jiao et al., 2007,
Vrana et al., 2009; Jang et al., 2012). All the studies were
conducted in Western countries, with the exception of a
population-based case-control study in the San Francisco
Bay area, in which a small number of Asian participants
were included (Duell et al., 2002). No main effects of the
GSTT1 and GSTM 1-null genotypes on pancreatic cancer
risk were noted in any of the studies, with the exception
of a population-based case-control study conducted in
Canada (Jang et al., 2012).

The lack of association between LoF variants, such as
GSTM1 and GSTT1, and pancreatic cancer risk indicates
that a common gene-disrupting variant alone might not
confer major susceptibility. Two possibilities exist. First,
given the high prevalence of null genotypes, such as
GSTT1 and GSTM1, it is nnlikely that any major effects
exist, because natural selection is expected to prevent
the most severely deleterious alleles from reaching high
population frequencies (MacArthur et al., 2012). Another
possibility is that the pancreas is not directly exposed to
tobacco-derived carcinogens, suggesting that the effect
of carcinogen-metabolizing enzymatic activity might be
weaker than in other organs that are directly eéxposed to
tobacco carcinogens, such as the lungs. Even for lung
cancer, a meta-analysis of the GSTMI-null genotype
showed a weakly positive association, with a summary
OR of 1.22 (95%CI: 1.14-1.30) (Carlsten et al., 2008).

On the basis of a multiplicative interaction model, we
observed no synergistic effect of smoking and GST-null
genotypes on pancreatic cancer risk. Although the notion
that smokers with GSTT1 or GSTM1-null genotypes
had the highest risk compared with non-smokers with
GSTT1 or GSTM1-present genotypes is biologically
plausible, the clarification of genotype-environment
interactions remains a challenge. This is due to a limited
sample size and difficulty of obtaining accurate exposure
information. In the population-based case-control study
carried out in six San Francisco Bay areas, the OR
was 5.0 (95%CI 1.8-14.5) for heavy smokers who had
a. deletion polymorphism in GSTT1, suggesting that
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inherited deletion polymorphisms in GSTT! increase
the susceptibility to smoking-related pancreatic cancer
(Duell et al., 2002). The results, however, might have
been due to chance because they were based on a very
limited sample size,

We recognize several limitations of our study. First,
as with other case-control studies, selection bias was
an inherent limitation and should be addressed when
interpreting the study results, Selecting an appropriate
control group remains a major challenge, especially in
hospital-based case-control studies. Ideally, the cases and
controls should come from the same source population.
However, the hospital controls did not necessarily
represent the same population from which the cases
were derived. The frequency of GST genotypes observed
among the control subjects in this study was comparable
to that obtained from other Asian populations, suggesting
that our results regarding GST polymorphisms and
pancreatic cancer were robust. Second, we were limited
to detecting significant gene-environment interactions in
the subgroups. For example, the numbers of cases and
controls were small, especially after stratification by
smoking status. Third, the genotyping methods, based on
PCR techniques, used in our study and in other studies
could not distinguish GSTM1 and GSTT! homozygeus
wild-type +/+ from heterozygous +/- individuals. Only
one previous study found phenotypic differences between
these two groups based on a newly developed assay
(Moore et al., 2005). Fourth, although we showed that
a combination of GSTM1 and GSTT1-null genotypes
was not associated with the risk of pancreatic cancer,
the pathways of carcinogen metabolism are complex
and are mediated by a variety of factors. These factors
include the balance between metabolic activation and
the detoxification of tobacco carcinogen compounds, as
well as the efficiency of DNA repair. For example, it is
likely that a deficiency in one class of GST enzymes due
to a genetic polymorphisim can be compensated for by the
presence of other classes of GST enzymes. We genotyped
181695 in GSTPI and found no significant association
between rs1695 polymorphisms and the risk of pancreatic
cancer: It should be noted that the distribution of genotypes
among control subjects was not in HWE. The reason for
this fact is unclear, but genotyping error and population
stratification are possible explanations (Pompanon et al.,
2005), Further studies are needed to integrate genetic
variations into different pathways, to define the risk of
pancreatic cancer betier.

In conelusion, our case-control study indicated no
overall association between the GSTMI1 and GSTT!
variants and pancreatic cancer risk in Japanese subjects.
As common low-risk variants in different genes might
act collectively to confer susceptibility to pancreatic
cancer, further studies will be required to uncover the full
spectrum of these variants and their effects on pancreatic
cancer.
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AIM: To clarify the effectiveness and safety of endo-
scopic ultrasound-guided fine-needle aspiration (EUS-
FNA) for the diagnosis of pancreatic cancer (PC).

METHODS: Patients who were diagnosed with unre-
sectable, locally advanced or metastatic PC between
February 2006 and September 2011 were selected
for this retrospective study. FNA biopsy for pancreatic
tumors had been performed percutaneously under ex-
tracorporeal ultrasound guidance until October 2009;
then, beginning in November 2009, EUS-FNA has been
performed. We reviewed the complete medical records
of all patients who met the selection criteria for the fol-
lowing data: sex, age, location and size of the targeted
tumor, histological and/or cytological findings, details

%
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of puncture procedures, time from day of puncture
until day of definitive diagnosis, and details of severe
adverse events,

RESULTS: Of the 121 patients who met the selec-
tion criteria, 46 had a percutaneous biopsy (Group A)
and 75 had an EUS-FNA biopsy (Group B). Adequate
cytological specimens were obtained in 42 Group A pa-
tients (91.3%) and all 75 Group B patients (P = 0.0192),
and histological specimens were obtained in 41 Group
A patients (89.1%) and 65 Group B patients (86.7%).
Diagnosis of malignancy by cytology was positive in
33 Group A patients (78.6%) and 72 Group B patients
(94.6%) (P = 0.0079). Malignancy by both cytology
and pathology was found in 43 Group A (93.5%) and
73 Group B (97.3%) patients. The mean period from
the puncture until the cytological diagnosis in Group B
was 1.7 d, which was significantly shorter than that in
Group A (4.1 d) (P < 0.0001). Severe adverse events
were experienced in two Group A patients (4.3%) and
in one Group B patient (1.3%).

CONCLUSION: EUS-FNA, as well as percutaneous nee-
dle aspiration, is an effective modality to obtain cytopa-
thological confirmation in patients with advanced PC.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Pancreatic cancer (PC) is cutrently the fifth leading cause
of cancer-telated mottality in Japan. Although complete
surgical removal of the tumor is the only chance of cure,
almost all PC patients are initially diagnosed as having ad-
vanced untesectahle disease despite recent improvements
in diagnostic techniques. In recent decades, techniques
wete developed to obtain proof of cancer from the
primary tumot ih PC patients. Pancreatic juice cytology
va endoscopic retrograde pancreatogiaphy was: initially
developed to meet this challenge; howeves, in practical
settings the positive rate for cancer cells has remained
low, indicating the présence of false-negative results'™”,
Ultrasonography-guided fine-needle aspitation (US-FNA)
biopsy or computed tomography (CT)-guided FNA bi-
opsy appears to provide a mote definitive diagnosis of
PC™, US-FNA is convenient but its usefulness is limited
for masses in the pancreatic tail. In contrast, CT-guided
FNA is the biopsy procedute of choice to assess pancre-
atic lesions. However, this technique is time-consumiag
and is limited by a substantial false-negative rate of ap-
proximately 20%"
about petcutaneous cancer seeding”™”. Recently, endo-
scopic ultrasound-guided fine needle aspiration (EUS-
FINA) has been developed as a more feasible method to
obtain definitive specimens for cytological and/or histo-
logical examinations for diagnosis of PC*, Three years
ago, we began to petrform EUS-FNA although until that
time US-TINA was the standatd technique at our institute.

In the curtent study, we tetrospectively examined the
diagnostic ability of EUS-FNA for PC compared with
US-FNA.

1671

MATERIALS AND METHODS

Patients

The inclusion criteria were: (1) the patient underwent US-
FNA between Februaty 2006 and Qctober 2009 ox EUS-
FNA between November 2009 and September 2011 at
the Canacer Institute Hospital, Tokya, Japan for suspected
PC; and (2) the patient was subsequently diagnosed as
having clinical stage Tl or IV PC. Untesectable PC, which

was indicated by Interfiational Union Against Cancer

clinical stage T (locally advanced disease: T4NO-1 and
MO) ot IV (metastatic disease: T1-4N0-1 and M1}, was
diagnosed by CT.

" The exclusion ciiteria were: (1) a contraindication for
BUS (esophageal stenosis, duodenal stenosis, ileus; or
perforation of the digestive tract); and (2) a contramdica-
tion for RUS-FNA and US-FNA (severe cardiovascular
disease or respiratory disease, poor performance status,
difficulty in visualization of the target, bleeding tendency,
or impossibility of ensuring the puncture route).

Patients who met the selection criteria were identified
from the database in our division, which was updated
daily.

144
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. In addition, there have been concetns.

US- and EUS-FNA procedures

A short admission, usnally for one or two nights, was
mandatory according to the protocol for FNA biopsy
of a suspected pancreatic tumor in our division. FNA
biopsy for pancreatic tumors had been performed pescu-
taneously under extracorporeal ultrasound guidance (US-
FNA) until October 2009; then, beginning in November
2009, FNA biopsies have been performed under EUS
guidance (EUS-FNA). In general, FNA examinations
were performed and managed by Ishii H until October
2009 and by Matsuyama M since November 2009. Writ-
ten informed consent was obtained from each patient
befose the examination,

US-FNA was petforined using SSA-550A (Toshiba,
Tokyo, Japan) as the ultrasound device and SONOPSY
C1 21G (Hakko, Osaka, Japan) as the ultiasound-guided
biopsy needle. After systemic premedication and petcu-
taneous local anesthesia, FNA was petformed 1-3 times
repeatedly until adequate material was obtained. Patho-
logical examination of the obtained materials and cyto-
logical examination of the necdle-washing water were
done. There was no on-site cytotechnologist during the
petformance of US-FNA,

BUS-FNA was performed using BU-ME1 and
UCT240-AL5 (Olympus, Tokyo, Japan) as the EUS
system and the Echo-Tip ULTRA 22G (Wilson-Cook,
Bloomington, IN, United States) as the ultrasound-guided
biopsy needle. After systemic premedication and pharyn-
geal local anesthesia, FNA was performed endoscopically
via the stomach ot duodenum. Aspisation punctutre was
repeated until an on-site cytology screener confirmed
that adequate matetials had been obtained.

After the examination, patients stayed in the hospital
overnight and wete dischatged the following motning
if no problems were revealed by physical examination,
complete blood count tests and biochemistry tests that
included serum amylase level. Three to 7 d latet, the pa-
tients came to the outpatient clinic for an explanarion of
the results of the biopsy and examination for late adverse
events, and were then able to start chemetherapy.

The final diagnosis was based on pathology results or
clinical follow-up of > 6 mo,

Statistical analysis

We reviewed the complete medical tecords of all patients
who met the selection criteria for the following data: sex,
age, location and size of the targeted tumot, histological
and/or cytological findings of the obtained specimens,
details of puncture procedures, time from day of punc-
tute until the day of definitive diagnosis, and details of
severe adverse events, if any. The tumor’status (location
and size) was determined by dynamic CT before puncture.
Frequency analysis was petformed with Fisher’s exact test
for 2 X 2 tables, g?' test for 3 X 2 tables, and Mann-VWhit-
ney test. All analysis wete performed using the statistical
software SPSS 11.0] for Windows. Statistical significance
was defined as a two-sided P value < 0.05.
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