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cancers. Sera were collected from 92 patients with pan-
creatic cancer [stage IAn=1,IBn=1,1I1An =4, 1IB
n=06, Il n=22, and IV n = 58; Intemnational Union
Against Cancer (UICC) staging]. In addition, we collected
sera from 16 patients with intraductal papillary mucinous
adenoma (IPMA), 4 patients with endocrine tumor, 2
patients with acinar cell carcinoma, 2 patients with MCN, 3
patients with SCN, 1 patient with SPT, 11 patients with
pancreatitis, and 69 healthy controls (Supplementary Data
1). Sera were collected from patients with pancreatic
tumors between November 2004 and June 2006 for the
purpose of evaluating candidate serum markers of pan-
creatic cancer. For the validation study, we collected sera
from 39 patients with pancreatic cancer and 50 healthy
controls between October 2007 and February 2008.
Appropriate informed consent was obtained from all
patients and healthy volunteers, and blood was collected
from patients prior to any therapeutic procedures, including
surgery, chemotherapy, and radiotherapy. Diagnoses of
each pancreatic tumor were derived from histopathological
resection, by fine-needle aspiration cytology, or by endo-
scopic findings (endoscopic retrograde cholangiopancrea-
tography and/or endoscopic ultrasonography, along with
clinical information). All sera were collected using stan-
dard procedures and stored at —80°C until analysis. All
study protocols were approved by the Aichi Cancer Center
Committee for Clinical Investigation.

ELISA

Serum levels of REG4 were measured by standard sand-
wich ELISA, as previously described [12]. Briefly, a
96-well immuno-module microplate (Naigen Nunc Inter-
national, Rochester, NY, USA) was precoated with
monoclonal antibody (mAb) to REG4 (clone 21-1; MBL,
Nagoya, Japan) by incubation overnight at 4°C, followed
by blocking for 2 h at room temperature. Fivefold diluted
sera were reacted to biotinylated anti-REG4 polyclonal (p)
Ab for 15 min and added to an assay plate precoated with
anti-REG4 mAb. After incubation for 2 h, the plates were
washed five times to remove any unbound antibody-
enzyme reagent; this was followed by the addition of
8000-fold diluted horseradish peroxidase (HRP)-labeled
streptavidin (GE Healthcare, Piscataway, NJ, USA) with
the reaction allowed to proceed for 1 h. After five washes,
TMB substrate solution (Moss, Pasadena, MD, USA) was
added to the welis and allowed to react for 15 min. The
reaction was determined using a photometer at a wave-
length of 450 nm and a reference wavelength of 620 nm.
For the calibration curve of REG4 ELISA, we prepared
recombinant REG4, which was used as the antigen to
generate mAb to REG4, and this was diluted serially from
25 ng/ml to 176 pg/ml (n = 8) in a 96-well microplate.
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REG4 ELISA was performed on this set. CA19-9 was also
measured using a commercially available ELISA assay.
Personnel blinded to the diagnosis of patients performed all
analytical measurements.

Immunohistochemistry

Sections from paraffin-embedded blocks were deparaffi-
nized and autoclaved for 15 min at 108°C in citrate buffer
(pH 6.0). Endogenous peroxidase activity was quenched by
incubation for 30 min in 0.33% hydrogen peroxide diluted
in methanol. After incubation with fetal bovine serum for
the purpose of blocking, sections were incubated with anti-
REG4 rabbit pAb for 30 min at room temperature (MBL;
1:1000). After washing with phosphate-buffered saline
(PBS), immuno-detection was performed using peroxidase-
labeled anti-rabbit immunoglobulin (Envision kit; Dako
Cytomation, Carpinteria, CA, USA). Finally, reactants
were developed with 3, 3'-diaminobenzidine (Dako Cyto-
mation) with the cells, then counterstained with hematox-
ylin. A single expert pathologist (Y. Y.) evaluated all of the
immunostaining patterns and histopathology of the pan-
creatic tissues.

Statistics

To clarify the ability to distinguish controls and patient
cases, REG4 and CA19-9 levels were evaluated using the
Mann—Whitney U test. Pairwise comparisons between nor-
mal healthy controls and each pancreatic cancer stage group
were also performed. In total, 14 statistical tests were applied
for this evaluation, A two-way comparison of markers was
made among normal healthy controls and patients with
pancreatic cancers or other pancreatic tumors, Eight statis-
tical tests were conducted. Values of P < 0.05 were con-
sidered statistically significant. To avoid false-positive
results, we adjusted P values for multiple comparisons. As
22 statistical tests were applied, adjusted P values were
calculated as the P value obtained x22. Receiver operating
characteristic (ROC) curves were used to assess diagnostic
properties. The threshold of each marker was defined to
obtain maximum sensitivity and specificity. All statistical
analyses were performed using SPSS H for Windows version
11.0.1J (SPSS, Chicago, IL, USA).

Results
Development and characterization of REG4 ELISA
We established an ELISA to detect serum REG4 by

employing a mouse mAb to REG4 as the capture reagent
and biotinylated rabbit polyclonal anti-REG4 antibody as
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REG4 ELISA Calibration curve
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Fig. 1 REG4 enzyme-linked immunosorbent assay (ELISA) calibra-
tion curve. The X axis shows the concentration of the recombinant
REG4 protein (ng/ml). For the ¥ axis, the absorbance used was
490 nm, with 630 nm used as the reference for the ELISA reaction.
The lower limit of detection for the ELISA was 176 pg/ml, while
saturation occurred for REG4 concentrations of more than 200 ng/ml.
A linear range was determined to occur within a REG4 antigen range
of 176 pg/ml to 25 ng/ml

Table 1 Serum REG4 and CA19-9 levels in each group of pancreatic
diseases

Characteristics REG4 (ng/ml) CA19-9 (U/ml)
Invasive ductal carcinomas (N = 92)

Median 5.00 212.63

Range 1.26-64.47 0.14-44835
Other pancreatic tumors (N = 28)

Median 3.16 17.59

Range 1.93-11.41 0.00-187.4
‘Pancreatitis (N=1D

Median 5.89 8.46

Range 2.38-11.78 0.00-84.20
Others (pancreatic cyst and fatty deposition) (N = 5)

Median 3.13 3.76

Range 1.94-4.09 0.00-87.40
Healthy controls (N = 69)

Median 2.39 723

Range 1.30-4.20 0.00-35.40

CA carbohydrate antigen

the detection reagent. The lower limit of detection for the
ELISA was 176 pg/ml, while saturation occurred at REG4
concentrations of more than 200 ng/ml. A linear range was
determined to occur from 176 pg/ml to 25 ng/ml of REG4
antigen (Fig. 1). The intrassay (n = 8) coefficients of
variation (CV) were less than 10% (range 2.32-9.91%).

Serum REG4 level in pancreatic diseases

Using the above-described solid ELISA, we analyzed
serum levels of REG4 in a total of 205 individuals. Table 1
shows median serum REG4 values for pancreatic cancer,
other pancreatic tumors, pancreatitis, other benign

pancreatic disease, and normal healthy controls. Significant
differences were identified between serum REG4 levels in
pancreatic cancer and healthy controls (P < 0.001; Mann—
Whitney U test; Fig. 2a). We defined the cutoff value as the
level of REG4 providing the highest accuracy (85.1%},
which included levels of REG4 for patients with pancreatic
cancer and those of healthy controls. We also performed a
validation study with a cutoff REG4 value of 3.49 ng/mi,
and the sensitivity of REG4 for pancreatic cancer was
94.9%, specificity was 64.0%, and accuracy was 77.5%
(Supplementary Data 2).

Comparison of diagnostic accuracies of serum REG4
and CA19-9

Simultaneously, we analyzed serum levels of CA19-9 in
the same population, using ELISA. Table 1 shows the
median CA19-9 levels in each subject group. Although
significant differences were seen between serum CA19-9
levels in pancreatic cancer patients and healthy controls
(P < 0.001; Mann—Whitney U test; Fig. 2b), a wide range
was noted for the pancreatic cancers. ROC analysis was
performed to evaluate the diagnostic utility of REG4 and
CA19-9 results, as these values were identified as inde-
pendent predictors of pancreatic cancer. REG4 performed
better than CA19-9 in distinguishing patients with pan-
creatic cancer from healthy controls, with the AUC values
for REG4 and CA19-9 determined to be 0.922 and 0.884,
respectively (Fig. 3).

Serum REG4 and CA19-9 levels for each stage
of pancreatic cancers

We categorized the 92 pancreatic cancers according to
clinical stage and compared serum levels of CA19-9 and
REG4 in each stage (Table 2). While our study also
showed that serum CA19-9 levels in patients with
advanced pancreatic cancer (stages III, IV) were markedly
elevated, serum CA19-9 levels in patients with relatively
early stages of pancreatic cancer (stages I, II) were very
low (Fig. 2c). The significant difference was not so
apparent between serum CA19-9 levels in patients
with stages I + II (# = 12) and healthy controls (median
36.86 vs. 7.23 U/ml; P = 0.154, Mann-Whitney U test;
Fig. 2¢).

Similar to the CA19-9 results, serum REG4 levels in
patients with advanced pancreatic cancer (stages III, IV)
were also significantly elevated compared to those in
healthy controls (P <0.001; Mann—Whitney U test;
Fig. 2d). Of note was the significant difference between
serum REG4 levels in patients with early-stage pancreatic
cancer (stages I -+ II) and those in healthy controls (med-
ian 12.4 vs. 2.39 ng/ml; P < 0.001; Mann-Whitney U test;
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Fig. 2 a Serum REG4 levels in various pancreatic diseases. Serum
REG4 was significantly elevated in patients with pancreatic cancer, as
compared with healthy controls (P < 0.001; Mann-Whitmey U test).
Pancreatitis patients also showed elevated serum REG4 as compared
with healthy controls (P <0.001). b Serum carbohydrate antigen
19-9 (CA19-9) levels in various pancreatic diseases. Serum CA19-9
levels were significantly elevated in patients with pancreatic cancer,
as compared with healthy controls (P < 0.001; Mann—-Whitney
U test). As some patients with advanced pancreatic cancer and other
pancreatic tumors showed markedly high serum CA19-9 levels, a
logarithmic function was used for the ¥ axis of this chart (log,o CA19-
9). ¢ Patients with advanced pancreatic cancer [Intemational Union

Fig. 2d). In addition, two patients with stage I pancreatic
cancer showed elevated REG4 levels in conjunction with
normal CA19-9 serum levels.

Correlation between REG4 and CA19-9 and combined
diagnostic ability

To provide additional information on how the serum
markers behaved when used in combination in each group
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Against Cancer (UICC) stages II/IV; n = 22 4 58] showed higher
levels of CA19-9 than healthy controls (P < 0.001; Mann-Whitney
U test). However, no significant difference was apparent between
healthy controls (n = 69) and patients with relatively early-stage
pancreatic cancer (stages VII; n = 12; P = 0.154). As the serum
CA19-9 level was markedly high during stage IV pancreatic cancer, a
logarithmic function was used for this chart. d Patients with advanced
pancreatic cancer (stages IIVIV; n = 22 + 58) showed higher REG4
levels than healthy controls (P < 0.001; Mann-Whitney U test). In
addition, a significant difference (P < 0.001; Mann-Whimey U test)
was seen between healthy controls (n = 69) and patients with
relatively early-stage pancreatic cancer (stages I/Il; n = 12)

of subjects, we created scatter plots of serum CA19-9 and
REG4 levels (Fig. 4). The data showed no correlation
between serum REG4 and CA19-9 levels, with a correla-
tion coefficient (R?) of 0.11. The results also indicated that
serum REG4 could possibly behave as a serum marker for
pancreatic cancer, unlike CA19-9, With the combined use
of serum REG4 and CA 19-9 measurements, sensitivity was
100%, with 60.0% specificity and 77.5% accuracy (Sup-
plementary Data 2).
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Fig. 3 Receiver operating characteristic (ROC) curve analyses for
the use of REG4 (red line) and CA19-9 (blue line) as serum markers
for pancreatic cancers. The X axis shows 1 — specificity, while the
Y axis displays sensitivity for the detection of pancreatic cancer. The
AUCs for REG4 and CA19-9 were 0.922 and 0.884, respectively.
Serum REG4 was better than serum CA19-9 for distinguishing
patients with pancreatic cancer from healthy controls

Table 2 Serum REG4 and CA19-9 levels in each stage of pancreatic
cancer

UICC stage REG4 (ng/ml) CA19-9 (U/ml)
TIAIBB(N=2) .

Median 12.43 35.86

Range 7.0-17.9 23.6-48.1
I A/B (N = 10)

Median 4.71 2270

Range 1.70-11 0.50-588.3
mw=22)

Median 522 212.63

Range 2.60-54.8 0.5-10159
IV (N = 58)

Median 4.86 394.65

Range 1.30-64.5 0.1-44835
Total (N = 92)

Median 5.00 212.63

Range 1.30-64.5 0.1-44835

UICC International Union against Cancer

Immunohistochemistry for REG4 expression

To confirm that the serum REG4 detected by our ELISA
methodology was derived from tumor cells, we performed
immunohistochemical analysis, using anti-REG4 pAb in
22 pancreatic tumor specimens (pancreatic cancers and
other tumors). These specimens were surgically resected
from individuals showing increases of more than 3.49 ng/ml
(n = 11) or normal levels (n = 11) of serum REG4
prior to resection (Fig. Sa—d). Experienced pathologists
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Fig. 4 Scatter plot for serum CA19-9 (X axis) and serum REG4 (Y
axis). No correlation was seen between the serum REG4 level and the
serum CA19-9 level (correlation coefficient, R® = 0.1 1). Serum
REGH4 could possibly behave as a serum marker for pancreatic cancer,
different from CA19-9

reviewed each histological preparation, and decided the
intensity of REG4 expression. Summarizing the correla-
tion between serum REG4 levels and REG4 expression in
pancreatic tumors, 9 of the 11 cases in which the patients
showed an increased level of serum REG4 also showed
strong positive immunostaining of tumor cells, while only
2 of the 11 cases in which the patients had normal serum
levels of REG4 exhibited positivity (Supplementary Data
3). A significant correlation was seen between serum
REG4 level and REG4 expression in tumor cells
(P < 0.05; y* test), suggesting that the elevated serum
REG4 levels in patients with pancreatic tumors could be
derived from tumor cells.

Discussion

Our recent study demonstrated that approximately half of
pancreatic cancer patients showed overexpression of
REG4, determined using an ELISA system [12]. In addi-
tion, we detected a subset of this group showing elevated
serum REG4 [11]. However, a few studies have reported
that REG4 expression occurs mainly in gastrointestinal
diseases, such as colorectal [17] and gastric cancers [18],
and inflammatory bowel disease [19]. A large population-
based study was required to verify the sensitivity and
specificity of serum REG4 testing. Our preliminary study,
using sera from dozens of patients with various types of
cancers including pancreatic, gastric, and colorectal can-
cers, showed that patients with pancreatic and gastric
cancer had the most significantly elevated levels of REG4
in sera. In Japan, gastric cancer is very common, and
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Fig. 5 Immunohistochemical
analysis for REG4 expression.
a Invasive papillary mucinous
carcinoma (stage IA) in a
patient with serum REG4 level
of 17.9 ng/ml exhibited strong
positive staining for REG4
immunohistochemistry IHC).
b Well-differentiated ductal
adenocarcinoma (stage IIB) in a
patient with serum REG4 level
of 10.95 ng/ml exhibited strong
positive staining for REG4 THC.
¢ Well-differentiated ductal
adenocarcinoma (stage IIA) in a
patient with serum REG4 level
of 1,73 ng/ml exhibited weak
positive staining for REG4 THC.
d Solid pseudopapillary tumor
(SPT) in a patient with serum
REG4 level of 1.93 ng/ml
exhibited no staining for REG4
IHC

endoscopic screening for gastric cancer is commonly per-
formed; this screening can effectively detect early-stage
gastric cancer without serum markers. Serum markers for
gastric cancer would thus have less impact, and simulta-
neous examination of the upper gastrointestinal tract is
usually performed by endoscopic examination for pancre-
atic diseases. The present study therefore focused only on
pancreatic cancer, since no screening system is available
for pancreatic cancer at present. Novel serum markers for
pancreatic cancer are thus urgently required to identify
ways to diagnose or screen for early-stage pancreatic
cancer,

Although serum markers such as CA19-9 and carci-
noembryonic antigen (CEA) are highly elevated in
patients with advanced pancreatic cancer, these conven-
tional markers are not elevated in early-stage or small
pancreatic cancer, and thus are not useful for detecting
such cancers. Serum REG4 is likely to be at least as
effective as serum CA19-9 in distinguishing patients with
invasive pancreatic cancer from healthy controls, and
since serum REG4 behaves in a different manner from
serum CA19-9, their use in combination might provide
greater power to distinguish patients with invasive pan-
creatic cancer from healthy controls. Notably, the present
study included two patients with early-stage pancreatic
cancer (stage I) who showed elevated REG4 levels along
with normal CA19-9 levels in sera. This suggests that
serum REG4 might have some potential to help detect
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early-stage pancreatic cancer. However, to clearly
determine this, further studies analyzing a large number
of patients with early-stage pancreatic cancer are
required. With regard to pancreatitis, eight of eleven
patients with pancreatitis in the present study showed
elevated serum REG4 levels. In an examination of var-
ious normal adult organs, we confirmed that REG4 was
expressed in pancreatic acinar cells, although the levels
of REG4 expression in the acinar cells, as determined by
immunohistochemical analysis, were much lower than
those normally seen in cancer cells. Hence, in patients
with pancreatitis, serum REG4 may be derived from
destroyed acinar cells. As elevated serum levels of
amylase or elastase have sometimes been observed in
individuals with early-stage pancreatic cancer [20, 21},
serum REG4 elevation in early-stage or small pancreatic
cancers may reflect a localized pancreatitis around the
cancer foci or tissue regeneration accompanied by cancer
development, in addition to REG4 secretion from cancer
cells, Recent studies have indicated the existence of a
high-risk population for pancreatic cancer, such as
patients with a strong family history of pancreatic cancer
or patients with recent onset of diabetes. Pancreatic
screening for such patients, using endoscopic ultraso-
nography and computed tomography, might therefore be
beneficial [22, 23]. In addition, a simple and noninvasive
serum examination, such as that for REG4, could be
used in pancreatic surveillance for these high-risk
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individuals, and could help to cure the pancreatic cancer
more efficiently with early detection.

In conclusion, we have shown the promising feasibility
of using REG4 as a serum tumor marker in helping to
distinguish patients with pancreatic cancer from healthy
controls. Also, we have just started additional validation
studies in a muiticenter test set of pancreatic cancer, other
pancreatic tumors, and pancreatitis. These studies will, it is
hoped, lead to the establishment of new methods of diag-
nosis for early-stage or small pancreatic cancers.
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Abstract

Background Although a randomized controlled trial for
locally advanced pancreatic cancer (PC) has demonstrated
a survival advantage for treatment with gemcitabine alone,
chemoradiotherapy remains the treatment of choice for
locally advanced disease in Japan. The aim of this study
was to compare the survival benefits associated with
gemcitabine and concurrent chemoradiotherapy in locally
advanced unresectable PC.

Patients Seventy-seven patients with locally advanced
unresectable PC were retrospectively enrolled from April
2001 to December 2006. All cases were histologically
proven, and patients received gemcitabine chemotherapy
(n = 30) or concurrent chemoradiotherapy (based on
S-fluorouracil, n = 28, or gemcitabine, n = 19, as a radi-
osensitizer) at Aichi Cancer Center Hospital.

Results Patients who received chemoradiotherapy had
significantly better performance status than those who had
chemotherapy. Tumor response was 0% for chemotherapy

A. Sawaki (B<) - K. Matsumoto - N. Mizuno - K. Hara -

T. Takagi - Y. Kobayashi - Y. Sawai - K. Yamao

Deparniment of Gastroenterology, Aichi Cancer Center Hospital,
1-1 Kanokoden Chikusa-ku, Nagoya, Aichi 464-8681, Japan
e-mail: asawaki @aichi-cc.jp

N. Hoki
Department of Gastroenterology,
Bell Land General Hospital, Sakai, Japan

S. Ito
Department of Gastroenterology,
Shimane University School of Medicine, Izumo, Japan

H. Kawai - M. Tajika - T. Nakamura
Department of Endoscopy, Aichi Cancer Center Hospital,
Nagoya, Japan

and 13% chemoradiotherapy, but survival benefit was
similar among patients in the chemotherapy group (overall
response (OS) 12 months; progression-free survival (PFS),
3 months) and those in the chemoradiotherapy group (OS,
13 months; PFS, 5 months). Two-year survival was 21%
for chemotherapy patients and 19% for chemoradiotherapy -
patients. Severe toxicities (Grade 3—4 National Cancer
Institute-Common Toxicity Criteria, version 3.0) were
significantly more frequent for chemoradiotherapy than for
chemotherapy.

Conclusions Gemcitabine chemotherapy showed similar
survival benefit compared to 5-fluorouracil- and gemcita-
bine-based chemoradiotherapy.

Keywords Locally advanced pancreatic cancer -
Chemoradiotherapy - Chemotherapy

Introduction

Pancreatic cancer (PC) is a major unsolved health problem,
accounting for approximately 20,000 deaths per year in
Japan. Moreover, the prevalence of PC is increasing. Only
a minority of PCs are resectable [1-3], and median survival
is limited to between 11 and 23 months; 5-year survival is
only approximately 20% even if surgical resection with or
without adjuvant therapy is performed [2, 3]. Locally
advanced disease is observed in 15-20% of all patients
with PC, and is associated with a median survival of
6-10 months [4-6]. Locally advanced PC is defined as
surgically unresectable because of extensive peripancreatic
lymph node involvement, encasement or occlusion of the
superior mesenteric vein or portal vein confluence, or direct
involvement of the superior mesenteric artery, celiac axis,
inferior vena cava, or aorta [7, 8]. Four randomized control
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trials [9-12] have compared the effectiveness of chemo-
radiation incorporating S-fluorouracil (5-FU) with radiation
alone or systemic chemotherapy. Three of these trials
[9-11] showed an improved median survival of 10.1-
10.6 months for radiotherapy plus 5-FU alone or triple
therapy (streptozocin, mitomycin C and 5-FU: SMF)
compared with 5.7-6.3 months for radiotherapy alone or
systemic chemotherapy with SMF, Chemoradiotherapy has
since been considered a standard therapy for locally
advanced PC.

Burris et al. [13] documented a large randomized control
trial in which weekly administration of gemcitabine was
compared with 5-FU in the first-line treatment of unre-
sectable PC. The efficacy of gemcitabine was indicated by
significantly prolonged time to progression and to survival
(1-year survival: 2—-18%) demonstrating the existence of a
subpopulation of PC patients who benefit from chemo-
therapy. Gemcitabine is widely accepted as the standard
care for patients with unresectable PC. In 2008, Chauffert
et al. [14] randomly divided 119 patients into either 59
external beam radiotherapy plus cisplatin and 5-FU
followed by gemcitabine or 60 gemcitabine alone, and
observed an improved median survival of 13 months for
gemcitabine alone, compared with 8.6 months for chemo-
radiotherapy followed by gemcitabine, However, this
finding remains contentious because the study enrolled
fewer patients than planned and because median survival of
the gemcitabine arm was longer than that indicated from
historical data. If chemoradiotherapy conferred no survival
benefit, gemcitabine alone could be a first-line treatment
for locally advanced PC. We, therefore, conducted a ret-
rospective analysis of data for patients with locally
advanced PC treated with systemic chemotherapy or che-
moradiotherapy, to evaluate the effect of the additional
radiation.

Patients and methods
Endpoint

This retrospective study was designed to evaluate efficacy
of chemoradiotherapy for patients with locally advanced
PC. The primary endpoint was overall survival (OS); sec-
ondary endpoints were response rate, progression-free
survival (PFS), and feasibility.

Patients
Consecutive patients with a histological diagnosis of pan-
creatic adenocarcinoma who were treated at the Aichi

Cancer Center Hospital between April 2001 and November
2006 were retrospectively identified through medical
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records. Endoscopic ultrasound-guided fine-needle aspira-
tion and CT or MRI were used for diagnosis and staging,
respectively. Additional eligibility criteria were as follows:
(1) stage I or IV disease according to the UICC classifi-
cation [15]; all involved lymph nodes within the radiation
field if stage IV disease; (2) no history of other malignancy
that could affect survival; (3) main organ function well
preserved; (4) no previous chemotherapy or radiotherapy
for PC. Finally, 77 patients with histologically proven,
locally advanced, unresectable PC who were followed up
until March 2008 constituted the study cohort. Although
every effort was made to follow patients, patients were
censored at the time of last contact if they were lost to
follow-up. Measurable disease as defined by the Response
Evaluation Criteria in Solid Tumors [16] (RECIST) was
not mandatory. Written informed consent for treatment had
been obtained from each patient prior to treatment.

Treatment regimens

Thirty patients who had received gemcitabine as initial
chemotherapy were identified. Gemcitabine (1000 mg/m?
as a 30 min infusion) was administered once weekly for
3 weeks followed by a 1-week rest period, until clinical
progression or intolerable adverse event(s).

Forty-seven patients were treated with radiotherapy
combined with 5-FU (28 patients) or gemcitabine (19
patients) as a chemosensitizer. The decision of whether to
use 5-FU or gemcitabine was reached after discussion
between patient and doctor. The 5-FU based chemoradio-
therapy consisted of a total radiation dose of 50 Gy given
in 25 daily fractions with a continuous intravenous infusion
of 5-FU (375 mg/m?) daily, on the days that radiation
therapy was administered. On the other hand; in gemcita-
bine-based chemoradiotherapy, weekly gemcitabine
(250 mg/m?) was given instead of 5-FU. For all patients on
chemoradiotherapy, after completing the treatment proto-
col, gemcitabine (1000 mg/m? as a 30 min infusion) was
given until disease progression.

Efficacy and toxicity

Responses of measurable lesions to chemotherapy were
evaluated using the RECIST guidelines every 8 weeks or
earlier if there were indications of treatment failure due to
toxicity. The outcome of complete response (CR) or partial
response (PR) was confirmed by an independent radiolo-
gist. PFS was measured from the date of initial chemo-
therapy to date of progressive disease or death from any
cause. Patients were censored if second-line treatment was
initiated in the absence of progressive disease. OS was
estimated from the date of initial treatment to the date of
death or last follow-up visit.
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Toxicity was evaluated using the National Cancer
Institute-Common Toxicity Criteria [17] (version 3.0).
Severe toxicities were defined as grade 3-4 (non-hemato-
logical) and grade 4 (hematological).

Statistical analysis

PFS and OS were calculated using the Kaplan—Meier
method. PFS and OS of each treatment group were com-
pared using the log-rank test. P-values for testing differ-
ences between proportions and response Trate were
calculated with chi-square tests for homogeneity or for
trend, or with Fisher’s exact test.

All analyses were performed using SPSS version 12
(SPSS, Chicago, IL, USA) statistical software. Statistical
results were considered significant when the p-value was
<0.05. All reported p-values are two-sided.

Results
Patient characteristics

Patient characteristics did not differ significantly between
the chemotherapy and chemoradiotherapy groups, with the
exception of performance status (Table 1). PS was better in
patients given chemoradiotherapy than those given che-
motherapy (p = 0.002). Chemotherapy patients were rel-
atively older than chemoradiotherapy patients (median age
64 vs. 57 years, p = 0.310). Forty-seven (61.0%) patients
had a tumor in the pancreatic head and 24 (31.2%)
underwent biliary drainage.

Tumor response, progression-free survival, and overall
survival

None of the 30 chemotherapy patients responded (response
rate 0%); 23 patients (76.7%) had progressive disease
(Table 2). Of the 28 patients who received 5-FU-based
chemoradiotherapy, 4 achieved a partial response, and of
the 19 remaining patients who had gemcitabine-based
chemoradiotherapy, 2 showed partial response. Overall
response rate in the whole chemoradiotherapy group was
12.8%. Progressive disease was composed of radiological
and clinical progression. 29 of 37 cases treated with che-
moradiation were showed radiological progression and 12
of 23 with gemcitabine were diagnosed as progression by
radiology. Table 3 revealed site(s) of progression accord-
ing to chemoradiation or chemotherapy. There were no
statistically significant differences between two treatments.
Local control yield of radiation was not indicated.
Two-year and three-year survival was 21% and 0%
for chemotherapy patients and 19% and 4% for

Table 1 Patient characteristics

CRT CT
(n = 47) [n (%)] (n = 30} [n (%)]

Median age (range) 58 (31-79) 58 (31-79)
Gender

Male 26 (55.3) 24 (80)
Female 21 (44.7) 6 (20)
PS (ECOG) at recurrence®

0 29 (61.7) 8 (26.7)
1 18 (38.3) 22 (73.3)
Pathological stage

Stage I 43 (91.5) 28 (93.3)
Stage IV 4 (8.5) 2(6.7)
Location

Head 30 (63.8) 17 (56.7)
Body 16 (34) 12 (40)
Tail 122) 1(3.3)
Size (median cm) 4.0 35
CEA (median ng/ml) 4.1 2.5
CA19-9 (median U/ml) 660.0 362.1
Biliary drainage

Yes 14 (29.8) 10 (33.3)
No 33 (70.2) 20 (66.7)

# Statistical significant difference in PS (p = 0.002)

PS performance status, ECOG Eastern Cooperative Oncology Group,
CFA carcinoembryonic antigen, CAI9-9 cancer antigen 19-9

Table 2 Response

n CR PR SD PD NE RR(%) DCR (%)
CRT 47 0 6 4 37 0 12.8 21.3
CT 30 0O 0 7 23 0 0 233

CRT chemoradiotherapy, CT chemotherapy, CR complete response,
PR partial response, SD stable disease, PD progressive disease, NE
not evaluable, RR response rate, DCR disease control ratio
(CR + PR + SD/all)

Table 3 Progression pattern

Site(s) of progression CRT CT p value
n=29 n=12

Local 13 5 0.40

Distant 16 6 0.18

Both 0 1 NE

CRT chemoradiotherapy, CT chemotherapy, NE not evaluable

chemoradiotherapy, respectively. Although response rate
differed significantly between chemotherapy and chemo-
radiotherapy (p = 0.041), it was similar between gemcit-
abine and 5-FU, Median PFS was 3.0 months in the
chemotherapy group and 5.0 months in the chemoradiother-
apy group (p = 0.333, Fig. 1). After a median follow-up of
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Fig. 1 Median progression-free survival in the chemotherapy (CT)
and chemoradiotherapy (CRT) groups was 3 months and 5 months,
respectively

11 months, OS was 12 months in the chemotherapy group
and 13 months in the chemoradiotherapy group. Although
OS was longer in the chemoradiotherapy group, this differ-
ence was not statistically significant (p = 0.7830, Fig. 2).

Toxicity

Grade 34 toxicities are detailed in Table 4. Most of these
non-hematological adverse effects were digestive (nausea,
vomiting, diarthea, anorexia, and hemorrhage), and they
were significantly more frequent in the chemoradiotherapy
patients than in the chemotherapy patients (95.7% vs.
20.0%; p < 0.001). More serious hematological toxicities
were reported in chemoradiotherapy (10.6% of patients had
neutropenia and 12.8% had thrombocytopenia) than in
chemotherapy patients (3.3% had neutropenia). There was
statistical difference between chemoradiotherapy and che-
motherapy in overall hematological toxicities (p = 0.030).
In chemosensitizer, there was no difference in toxicities
between 5-FU and gemcitabine treatment groups.

Discussion
A phase III trial of advanced PC [13] showed a definite
benefit of gemcitabine for unresectable PC that included

locally advanced as well as metastatic disease, but it raised
the issue of efficacy of radiotherapy in locally advanced
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Fig. 2 Overall survival was 12 months in the chemotherapy (CT)
group and 13 months in the chemoradiotherapy group (CRT)

PC. In 1969, Moertel et al. [9] reported the first randomized
control trial to evaluate the efficacy of chemoradiation
therapy for the treatment of locally advanced PC. The OS
in the chemoradiotherapy group was significantly better
than that in the radiotherapy group. Since this and other
trials [11, 12] demonstrated the efficacy of radiotherapy,
chemoradiotherapy has been performed in our hospital in
the treatment of locally advanced PC. Radiotherapy (60 Gy
radiation) has been combined with 5-FU, administered as
an intravenous continuous infusion (375 mg/day).
Ben-Josef et al. [18] reported that median survival with
chemoradiotherapy is around 10-12 months and that
l-year survival is approximately 40-50%. The present
study found very similar median OS (13 months) and 1-
year survival (54%) for chemoradiotherapy patients.
Median and 1-year survival for chemotherapy were
12 months and 47%, respectively, and there were no sig-
nificant differences in these measures between the che-
moradiotherapy and chemotherapy groups. In the current
study, chemoradiotherapy was performed with 5-FU or
gemcitabine (250 mg/mz) as a chemosensitizer, Although
the chemosensitizer was selected on the basis of discussion
between patient and doctor, gemcitabine tended to be
chosen for younger patients with better general status,
Nonetheless, median survival did not differ significantly
between the two chemosensitizers (5-FU, 14 months;
gemcitabine, 12 months). A previous study showed that
toxicity related to gemcitabine chemoradiotherapy tended
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Table 4 Severe toxicity

Toxicity CRT (n = 47) CT (n = 30)
[n (%) [n (%]

Non-hematological toxicities

Nausea and vomiting 19 (40.4) 2(6.7)
Diarrhea 5 (10.6) 00
Anorexia 18 (38.3) 3 (10.0)
Exanthema 00 1(3.3)
Hemorrhage 3(64) 0 (0)
Stomatitis 2(4.3) 0 ()
Overall® 45(95.7) 6 (20.0)
Hematological toxicities

Leucopenia 5 (10.6) 13.3)
Neutropenia 12.1) 0@
Thrombocytopenia 6 (12.8) 0 ()
Overall® 12 (25.5) 1(3.3)

@ Statistical significant differences in non-hematological (p < 0.001)
and hematological (p = 0.03)

to be more severe than that related to 5-FU chemotherapy
[19]. However, we did not find significant differences in
toxicity between those given chemoradiotherapy and those
given chemotherapy. This may be because patients were
not randomly assigned to groups and those with better
general status were given gemcitabine based chemoradia-
tion (see Tables 1, 4).

Radiation is superior to chemotherapy in terms of local
control, so why did the present trial fail to show the effi-
cacy of radiation? First, PC celis have low sensitivity to
radiation [20]. Second, it is possible that the diagnosis of
locally advanced PC was not always accurate; CT and
other diagnostic modalities cannot detect micro-metastasis.
We have encountered patients with early relapse who
show multiple liver metastases at first evaluation CT just
after chemoradiotherapy. Some of these patients might
have had small liver metastases at the start of chemora-
diotherapy; in the present study they could have been
diagnosed with locally advanced PC and given chemora-
diotherapy. On the other hand, patients who survive a long
time and do not develop metastasis or local relapse until
more than 1 year after the start of treatment are more
likely to represent those with ‘true’ locally advanced PC
without distant metastasis. This type of disease would be
well controlled by radiation. Inclusion of ‘false’ locally
advanced disease may have accounted for the lack of
differences in OS and progression pattern between two
treatments, a difference between chemotherapy and che-
moradiotherapy. A study limited to true locally advanced
disease might show the effectiveness of chemoradiother-
apy. Three-year survival of chemoradiotherapy and che-
motherapy were 4.3% (2/47) and 0% (0/30), respectively.

Two longer survivors of 47 given chemoradiotherapy
might benefit from radiotherapy.

In addition, medical cost is also important issue to eval-
uate two treatments. We calculated the medical cost from
the start of treatment to day 56. Mean cost of chemoradiation
and gemcitabine chemotherapy was about 9800 dollars and
5600 dollars, respectively. Since there are no differences
between chemoradiation and chemotherapy, gemcitabine
chemotherapy showed the advantage of gemcitabine che-
motherapy in the aspect of the cost-effectiveness.

Both chemotherapy and chemoradiotherapy were feasi-
ble, but in terms of toxicity, chemoradiotherapy was
associated with more frequent toxicities; especially neu-
tropenia and gastrointestinal toxicity. Taking into consid-
eration the fact that patients with better PS were given
chemoradiotherapy, toxicity is likely to be much greater in
chemoradiotherapy than in chemotherapy. Hence, to fur-
ther explore innovative approaches, less toxic forms of
chemoradiotherapy are needed.

In conclusion, there were no significant differences in
survival benefit between gemcitabine chemotherapy and
chemoradiotherapy; radiotherapy had no clinical impact for
patients with locally advanced PC. Gemcitabine mono-
therapy was not associated with severe adverse events and
therefore appears to be indicated for every locally
advanced PC. Considering the efficacy and safety of the
two forms of treatment, gemcitabine monotherapy was
considered the optimal treatment for locally advanced PC.
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A recent whole-genome association study identified a strong associa-
tion between polymorphisms in the prostate stem cell antigen
(PSCA) gene and stomach cancer risk. In this case-control study, we
aimed to validate this association, and further to explore environ-
mental factors possibly interacting with PSCA polymorphisms in
708 incident stomach cancer cases and 708 age-sex matched con-
trols. The association between PSCA polymorphisms and Helico-
bacter pylori infection was also examined. We found that rs2294008
and rs2976392, which were strongly linked to each other (D' =
1.00), were sngmﬁcantlv associated with stomach cancer risk. Per al-
lele odds ratio for rsZ994008 was 1.40 (95% confidence interval:
1.19-1.65; p = 3.7 x 10™°). We found significant interaction with a
family histor_v of stomach cancer in first-degree relatives (p-hetero-
geneity = 0.009). Similar to originally reported association, we
found significant heterogeneity between diffuse and intestinal type
(p-heterogeneity = 0.007). No association was seen between PSCA
polymorphisms and H. pylori infection. In conclusion, PSCA poly-
morphisms are associated with stomach cancer risk in Japanese. A
possible interaction with family history warrants further evaluation.
© 2009 UICC

Key words: stomach cancer; cell

polymorphism; case-control study

prostate stem antigen;

Although the age-standardized incidence of stomach in Japan is
decreasmg, the stomach remains one of the most common sites of
cancer.! Worldwide, the health burden of stomach cancer in terms
of incidence and mortality is similarly still high.? Although Heh-
cobacter pylori infection is a well-established causative agent,’
epidemiologic studies exploring other risk/protective factors are
still ongoing, including genetic factors.

A recent genome-wide association study (GWAS) conducted in
Japanese and Korean populations reported a strong association
between prostate stem cell antigen (PSCA) gene polymorphisms and
the risk of stomach cancer. Findings showed that one of the poly-
morphisms examined, rs2294008 in the first exon, may be the locus
responsible for cha.nges in the transcriptional activity of an upstream
fragment of PSCA.* Despite the importance of this finding, the inde-
pendence of this putative effect of PSCA loci from H. pylori infec-
tion in stomach carcinogenesis remains to be clarified. This study
also did not investigate potential interactions with confounders.

Here, we conducted a case-control study with 3 goals: First. 0
validate the association between these PSCA polymorphisms and
stomach cancer risk; Second, to explore the interaction between
PSCA loci and confounders; and Third, to examine the association
between the PSCA loci and H. pylori infection.

Material and methods
Study population

The present subjects were aged 20-79 years, and were enrolled
between January 2001 and November 2005, in the framework of
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the Hospital-based Epidemiologic Research Program at Aichi
Cancer Center (HERPACC). Details of the HERPACC have been
described elsewhere.>® In brief, the first version of the HERPACC
(HERPACC-1) was initiated at Aichi Cancer Center Hospital,
Nagoya, Japan, in 1988, with information on lifestyle factors
collected from all first-visit outpatients, including cancer and non-
cancer patients, The second version (HERPACC-II} was launched
in 2001, and asked all first-visit outpatients to provide 7 ml of
blood as well as information on lifestyle factors. Patients were
asked about their lifestyle when healthy or before the current
symptoms developed. Information from the HERPACC-II ques-
tionnaire was systematically collected and checked by trained
interviewers. Complete responses were obtained from 96.7% of
29,538 eligible subjects, of whom 50.7% donated a blood sample.
Questionnaire data were loaded into the HERPACC database and
periodically linked with the hospital cancer registry system to
update information on cancer incidence. All participants gave
written informed consent, and the study was approved by the
Ethics Committee of Aichi Cancer Center.

Cases and controls

A total of 708 patients who provided completed questionnaires
and donated blood samples within the framework of HERPACC-II
and were newly diagnosed with stomach cancer were deemed
potential cases. Among cases, 71.6% were available for histologic
information (274 cases: Intestinal type; 304 cases: Diffuse type
and 130 cases: unknown).

Control subjects were randomly selected from first-visit outpa-
tients who visited our hospital in the same period and enrolled in
HERPACC-IL. A total of 9,497 individuals who completed the
questionnaire and donated blood samples and were confirmed to
have no cancer according to the cancer registry and medical
records were deemed potential controls. We excluded 642 patients
with a history of cancer, leaving 8,855 controls eligible for analy-
sis. We used non-cancer patients at our hospital as controls, given
the likelihood that our cases arose within this population base.
Eventually, 706 controls were individually maiched for age
(£3 years) and sex to cases with a 1:1 case-control ratio. On
examination at our hospital, 29% of controls had no abnormal

Grant sponsors: Ministry of Education, Science, Sports, Culture and
Technology of Japan; Ministry of Health, Labour and Welfare of Japan,

*Correspondence to: Division of Epidemiology and Prevention, Aichi
Cancer Center Research Institute, 1-1 Kanokoden, Chikusa-ku, Nagoya
464-8681, Japan. Fax: +81-52-763-5233. E-mail: t-suzuki@aichi-cc.jp

Received 11 December 2008; Accepted after revision 31 March 2009

DOI 10.1002/ijc.24519

Published online 22 April 2009 in Wiley InterScience (www.interscience.
wiley.com).

—307—



MATSUO ET AL,

finding, 32% had digestive diseases (e.g.. gastritis and gastric or
colon polyp). 11% had respiratory diseases (e.g., non-specific
chest shadow and benign tumors), 2% had benign breast diseases
(e.g.. fibroadenoma), 4% had gynecologic diseases (e.g., cervix
dysplasia), 8% had head and neck diseases (¢.g., benign tumors),
and 14% had mnscellaneom other conditions (e.g., skin and
orthopedic disorders).” Our previous study demonstrated that the
general lifestyles of non-cancer subjects in HERPACC were
accordant with those of the general population in the same area.’
warranting the external vahdlty of the results of HERPACC-based
studies. All subjects in the present study were Japanese living in
and around Aichi Prefecture, Central Japan.

Genotyping of PSCA polymorpHisms

DNA of each subject was extracted from the buffy coat fraction
using BioRobot EZ1 and an EZ1 DNA Blood 350 mi Kit (Qiagen,
Tokyo, Japan) or DNA Blood mini kit (Qiagen). Genotyping for
the 2 loci in the PSCA gene (dbSNP ID: rs2294008, 1rs2976392
and rs2976391) was based on TagMan assays by Applied Biosys-
tems (Foster City, CA). In our laboratory, the quality of genotyp-
ing was routinely assessed statistically using the Hardy-Weinberg
test. When allelic distributions for controls departed from the
Hardy-Weinberg frequency, genotyping was assessed using direct
sequencing.

Helicobacter assessment

Among 708 controls, 644 controls were examined for plasma
1gG levels for H. pylori using a commercially available direct
enzyme-linked immunosorbent assay (ELISA) kit (“E Plate
‘Eiken’ H. Pylori Antibody” from Eiken Kagaku, Tokyo, Japan).
This ELISA kit was developed in Japan using the antigen
extracted from the domestlc strain in Japan and is commonly used
in medical studies.>'® A positive status for H. pvylori infection was
defined as an H. pylori IgG antibody level greater than 10 U/ml in
serum. Serum pepsinogens (PG) were measured by chemilumines-
cence enzyme immunoassay (CLEIA). Severe gastric mucosal
atrophy was defined as those with PG I < 30 ng/ml and PG I/PG
n<a.

Assessment of smoking exposures

Cumulative smoking dose was evaluated as pack-years, the
product of the number of packs consumed per day and years of
smoking, Smoking habits were entered under the 4 categories of
never, former and current smoker of <40 and >40 pack-years.
Former drinkers or smokers were defined as those who had
quit drinking or smoking at least | year before the survey,
respectively.

Statistical analysis

To assess the strength of the associations between PSCA poly-
morphisms and risk of stomach cancer, odd ratios (ORs) with 95%
confidence intervals (Cls) were estimated using conditional logis-
tic models adjusted for potential confounders. Potential confound-
ers considered in the multivariate analyses were age, sex, smoking
habit (never smokers, former smokers, current smokers of <40, or
>40 pack-years), and family history of stomach cancer in a first-
degree relative (yes or no). Differences in categorized demo-
graphic variables between the cases and controls were tested by
the chi-squared test. Accordance with the Hardy-Weinberg, equi-
librium was checked for controls using the chi-squared test and
used to assess any discrepancies between genotype and allele fre-
quencies. Under the conditions of this study of 708 cases and 708
matched controls, and assuming a risk allele frequency 0.66
(according to rs2294008 in HapMap database for Japanese in
Tokyo) with a per allele OR = 1.62* and a-error of 0.001, statisti-
cal power was more than 0.99. To explore possible gene-environ-
ment interactions, we conducted stratified unconditional logistic
regression analyses according to the adjusted factors. To avoid the
dropping of subjects from models by stratification, a conditional

TABLE I - CHARACTERISTICS OF CASES AND CONTROLS

Vauriable Cases Conwals p-value
Total 708 708
Sex 1.00
Male 531 75.0% 531  75.0%
Female 177 250% 177 250%
Age (years) 0.446
<40 34 4.8% 35 4.9%
40-49 72 10.2% 69 9.7%
50-59 249 352% 222 31.4%
60-69 216 30.5% 247 349%
70— 137 194% 135 19.1%
Mean age (SD) 59.4 (10.4) 59.8 (10.4)
Smoking status’ <0.001
Never 242 3429% 317  44.8%
Moderate 84 11.9% 99  14.0%
Heavy 375 53.0% 287 40.5%
Unknown 7 1.0% 5 0.7%
Family history of 0.032
stomach cancer
in the first degree
relatives
No 646 912% 667 94.29%
Yes 62 8.8% 41 5.8%

"Moderate and heavy smoker was defined as eversmoker with pack-
years less than 20 and more or equal to 20, respectively.

logistic model was not applied. We used the Mantel-Haenzel test
to assess the homogeneity of association for PSCA by stratifying
factors. The association between PSCA and H. pylori infection
among controls was assessed by unconditional logistic regression
for age, sex and smoking habit. We defined p-values less than 0.05
as statistically significant for the homogeneity test and H. pylori
analysis.

All analyses were performed using STATA version 10 (Stata
Corp., College Station, TX). Power calculations for sample sizes
in  gene- envnronment interactions were performed using
QUANTO."

Results

Demographic features of cases and controls are shown in Table
1. Age and sex were appropriately matched. Heavy smokers was
more frequent among cases than controls. The proportion of 20
pack-years or more current smokers was significantly higher
among cases than controls. Those with a family history of stomach
cancer in a first-degree relative were more common among cases.

Table II shows genotype distributions for 1s2294008, 152976392
and 1s2976391. Genotype frequencies for all polymorphisms were
in accordance with the Hardy-Weinberg law in controls:
152294008 (p = 0.64), 1s2976392 (p = 0.64) and rs2976391 (p =
0.36). Allele frequencies in each locus were consistent with those
in the HapMap database. rs2294008 and rs2976392 showed link-
age disequilibrium (LD) (D' = 1.00 and R? = 0.99) while,
152976391 did not show LD with the other two. 1s2294008 showed
a statistically significant association in all models. Table HI shows
stratified analysis according to sex, smoking, family history of
stomach cancer and histologic subtypes. A significant interaction
was seen for a family history of stomach cancer (p-homogeneity
= 0.009), with those with a history showing a higher per-allele
OR (2.98: 147-6.02) than those without (1.34: 1.14-1.59).
Similar to the original report,® we found significant impact of
152294008 in diffuse type.

Among 642 controls (492 males and 150 females; mean age
60.8 years) examined for H. pylori, prevalence was 64.2% (95%
confidence interval: 60.3-67.9). No significant association was
seen between any PSCA polymorphism and H. pylori. The per al-
lele OR adjusted for age, sex and smoking habit for 152294008
was 0.97 (95% CI: 0.76-1.24, p = 0.817), indicating a lack of
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association between PSCA polymorphism and H. pylori infection
2 ‘é b= S among this Japanese population. This association was not changed
iy = S it we excluded subjects with sever gastric atrophy. Further, no
. ) associations for the other polymorphisms were seen.
& = = Y =
1S L < - Discussion
3 = = ol I
= - - <l g In this study, which had sufficient statistical power, we found a
- ° o 530 significant  association between the PSCA polymorphisms
& - - =1 I 152294008 and 152976392 and stomach cancer risk. This associa-
- - g tion was consistent regardless of age, sex and smoking habit.
e Consistent with the former report, we found significant association
N DAY ol 3 with diffuse type gastric cancer. Interaction with a family history
v E o . 8 £ of stomach cancer in firsi-degree relatives was observed. The lack
2 &S 3 o I of association between these PSCA polymorphisms and H. pylori
M £ infection strengthen the independent impact of PSCA polymor-
§ § - o | & phisms on stomach cancer risk.
Sl gl o & 3 ; w To date, the background biological mechanism of PSCA and its
g £ % - < =l & transcript in stomach cancer has not been clarified. Sakamoto
g ] h * 38 et al. suggested a role in signal transduction via a glycosyiphos-
g '::‘;,‘ phatidylinositol anchor domain in PSCA, especially specific to
o o | E diffuse type gastric cancer,'” while several other reports have sug-
§ g & = gl & geste(liqa]rg involvement in cell growth regulation in various sys-
2 = tems. ~ " In an in vitro evaluation, HSCS57 cells stal;ly expressing
= - o %n PSCA grew more slowly than not expressing PSCA,” supporting a
S 3 c = gl 2 potential role for PSCA in signal transduction. On thg basis of
@ £ £ EN S £ their suppression of PSCA expression in epithelial cells in several
) = o o = tissues, including stomach, Sakamoto et al. also suggested a tumor
.E suppressor-like function in certain types of cancer.” Our present
E ‘& @ < % = study does not clarify the significance of 152294008 and
25 = = Zl 8 152976392, 152994008 is non-synonymous polymorphism in which
g = g: :}_( 2' &l g the first methionine is changed to threonine, possibly leading to a
: - = s g difference between each allele. It was suggested that rs2294008
= E might modulate transcriptional activity of the upstream region
El ol |, o e = B of PSCA*
gl | I° - - =l & We found that PSCA polymorphisms had a higher impact in
z 2 E those with a family history of stomach cancer than in those with-
3] v " o out. To our knowledge, this is the first report of this association.
: a E < gx & Several explanations can be considered. First, this phenomenon
;}f N 8 Sl 2 may simply reflect dominant nature of this polymorphism. Second,
“ o =+ 2 the prevalence of unknown loci in the PSCA gene or neighboring
2 R & regions, which confer additional functional significance to the
9] ol b b & E present subject loci and links with them, is high among those with
E Ell n -2 7 @ a family history of stomach cancer. These loci might be difficult
g “lw e Z¢ gwé ol 3 to detect in GWAS owing to their lower prevalence in those with
5 g ~Q - T g a family history. Given this small ratio (8.8% in cases and 5.8% in
S < = = z cqnujols), a third explanation may be chance. Further examination
g % b gl g 2 4 g of this question is warranted.
g 2 g “'5 -1 g As with ogk}er hospital-based case-control studies, our controls
Z g z z % may have differed from the general population. However, _the
© 2 o E = 5 g, § = equivalence of genotype distributions for the PSCA polymorphism
= EOST § =83% L between our controls and those in the HapMap database for Japa-
e g « £ ,’I’,g % 5 nese mdlcat?s a lack of b}as m‘the selection of cqntrols, and the
2 5] S = g strong association even after adjustment for potential confounders
= i %-E R.E‘ vl g therefore confirms the solidness of the association. We did not
2 S<on§amBual assess the H. pylori infection status of cases, but rather assessed
g £0ggVxg< g} H. pylori status and PSCA polymorphisms. This is because the
) g o« 3 “a g a & comparison of plasma/serum measurement between cases and
K = = = g controls in a case-control study is not necessarily an appropriate
¢ Z<5%0 §8< o 2 way to assess a causal relation. Given several findings that
;5 L2<Fe0xe<al g advanced gastric atrophy induces the elimination of H. pylori
g = = = E from.the gastric mucosa, measurement of H. pyllori does not nec-
& ¥ s% w4 =| & essarily reflect current/former infection status.’® To our knowl-
s gn BT 5|3 edge, this is the first study to report a lack of association between
g 88 8z 8|8 PSCA polymorphisms and H. pylori infection.
ovcr\ 2 g ¥§ 2 2 In conclusion, our case-control study confirms a strong associa-
84 oy vy Ol F tion between the PSCA polymorphisms rs2294008 and rs297639s
|4 4 4 L and stomach caner risk in the Japanese population. This associa-
tion was independent of age, sex, smoking and drinking habits and
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TABLE I - STRATIFIED ANALYSIS ACCORDING TO POTENTIAL CONFOUNDING FACTORS FOR P$SCA RS2294008 GENOTYPE

132294008 gene

Exposure TT CT cC Allele model! Lo
p-homogeneity
Cases/controls Cusesfconirals Casesfcontols OR 95¢ CI p-value
Sex
Male 39/68 247/259 2447204 1.35 1.12-1.64 0.002 0.30
Female 2008.9.28 81/78 87/70 1.62 1.17-2.25 0.003
Smoking status”
Never 15/45 116/150 111/122 143 1.10-1.86 0.008 0.73
Moderate 3/15 43/46 38/38 1.54 0.96-2.47 0.07
Heavy 31/36 169/139 175/112 1.31 1.03-1.67 0.026
Unknown 0/1 2009.1.3 2009.6.1
Family history of stomach cancer in the first degree relatives
No 48/90 304/317 294/260 1.34 1.14-1.59 0.001 0.009
Yes 38358 25/21 36/13 298 1.47-6.02 0.002
Histology®
Diffuse 23/38 142/129 109/107 1.88 1.46-2.44 <0.001 0.007
Intestinal 15/44 127/148 162/112 1.15 0.89-1.50 0.27

'0dds ratios were adjusted for age and sex in unconditional logistic regression models —*Mantel-Haenzel homogeneity test.—Moderate and
heavy smoker was defined as eversmoker with pack-years less than 20 and more or equal to 20, respectively.~"130 cases were excluded from
analysis because of lack of histology information. Corresponding 130 controls were also excluded.

family history of stomach cancer. The lack of association between
these PSCA polymorphisms and H. pylori warrants the independ-
ence of their effect in stomach carcinogenesis. Further studies
examining the biological mechanism behind this association are
warranted.
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Abstract

Purpose The aim of this study was to evaluate the fea-
sibility and safety of endoscopic ultrasonography (EUS)-
guided trucut biopsy (TCB) for diagnosis of autoimmune
pancreatitis (AIP).

Methods Fourteen patients with suspected AIP based on
imaging studies underwent both EUS-guided fine-needle
aspiration (FNA) and EUS-TCB for diagnosis of AIP and
exclusion of pancreatic cancer (PC). According to the
revised Japanese clinical diagnostic criteria, AIP was
diagnosed in eight while the remaining six patients had
pancreatitis of other etiologies. Pathologically, AIP was
defined as lymphoplasmacytic sclerosing pancreatitis
(LPSP), and sub-divided into two types: definite LPSP
(d-LPSP) showing fulspectrum of LPSP and probable
LPSP (p-LPSP) without obliterative phlebitis or abundant
(>10 cells/hpf) IgG4-positive plasmacytes infiltration.
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Results PC was excluded in all patients. EUS-FNA
resulted in three of eight patients with AIP were reported as
p-LPSP, one was reported as normal, and 4 were incon-
clusive. One of six with non-autoimmune pancreatitis was
diagnosed as p-LPSP on EUS-FNA, one as idiopathic
chronic pancreatitis (ICP) and four were inconclusive. By
using EUS-TCB, all AIP patients were diagnosed as LPSP
(4 d-LPSP and 4 p-LPSP). Of the six patients with non-
autoimmune pancreatitis, three were diagnosed as LPSP
(1 ¢-LPSP and 2 p-LPSP) and three showed ICP on TCB.
No complications were identified in any patient with either
EUS-FNA or TCB.

Conclusion EUS-TCB is a safe and accurate procedure
for obtaining a histological diagnosis in patients with sus-
pected AIP. EUS-TCB can serve as a rescue technique in
cases of AIP lacking typical findings.

Keywords AIP - LPSP - EUS-TCB - Pancreatic cancer

Introduction

Autoimmune pancreatitis (AIP) is now being increasingly
diagnosed based on its unique clinical features, radiological
images and serological findings [1-3]. Histopathological
findings of AIP have typically been described in resected
specimens since most cases of AIP areinitially misdiagnosed
as pancreatic cancer (PC), and obtaining adequate pancreatic
tissue using non-surgical approaches is difficult [4-7].
Endoscopic ultrasonography (EUS)-guided fine-needle
aspiration (FNA) is now widely accepted as a safe and
effective modality for obtaining pancreatic tissue samples
[8]. The diagnostic accuracy of FNA for PC is reported to be
between 60% and 90%, but conclusive diagnosis of AIP is
often difficult due to the small size of specimens obtained by
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FNA {7, 9]. In view of this limitation, large-caliber cutting
biopsy (trucut biopsy [TCB]) needles have been developed
to acquire samples with preserved tissue architecture, thus
allowing histological examination [10].

To date, several diagnostic criteria for AIP have been
proposed from many countries such as Japan [11], Korea
[12], United States (Mayo Clinic) [13], and countries of the
European Union. Asian diagnostic criteria for AIP based on
Japanese and Korean consensus were also proposed
recently [14]. Among these, only the Mayo Clinic criteria
(HISORt criteria) allow a conclusive diagnosis of AIP
based on pancreatic histology without any radiological
features or serological testing, when specific features of
lymphoplasmacytic sclerosing pancreatitis (LPSP) are
found on histology [13]. Although the HISORt criteria
require a “core” biopsy for the diagnosis of LPSP, whether
EUS-TCB is effective for providing an adequate histolog-
ical core of the pancreas is unclear [15].

In May 2004, EUS-TCB of the pancreas was introduced
at our hospital to obtain core pancreatic tissue from patients
with suspected AIP. To date there is no study comparing
EUS-FNA and EUS-TCB for diagnosis of AIP. Thus, the
aim of this study was to evaluate the feasibility and safety
of EUS-guided TCB (EUS-TCB) for the diagnosis of AIP,
comparing it with the conventional EUS-FNA.

Patients and methods

This study was a retrospective case review of all patients who
underwent both EUS-FNA and EUS-TCB for diagnosis
of AIP and exclusion of PC. Between January 1997 and
February 2008, we evaluated 36 patients in whom AIP was
suspected because of pancreatic enlargement and narrowing
of the main pancreatic duct (MPD) on computed tomo-
graphic (CT) imaging, magnetic resonance imaging (MRI),
and/or endoscopic retrograde cholangiopancreatography
(ERCP). After EUS-TCB was introduced at the Aichi Cancer
Center, 14 of the above-mentioned patients underwent a
pancreatic TCB to differentiate AIP from PC. All of the
patients were non-drinkers with no family history of pan-
creatitis. Fourteen patients with PC who underwent both
EUS-FNA and TCB were included in this study as control
subjects.

Informed consent was obtained from all patients before
the procedure. Collection of data for this study was
approved by our Institutional Review Board. EUS-FNA of
the pancreas was done with a disposable 22-gauge needle
(EZ-Shot™, Olympus, Tokyo, Japan) advanced through
a 2.8-mm channel linear echoendoscope (GF-UCT240,
Olympus). A part of FNA sample was placed onto a glass
slide and fixed in absolute alcohol solution for staining. Rest
of FNA sample was fixed in formalin and embedded in

paraffin. When the on-site cytologic examination was neg-
ative for malignancy, then, a core biopsy specimen was
obtained by EUS-TCB using a disposable 19-gauge trucut
needle (QuickCore™, Wilson-Cook, Winston-Salem, NC)
[16]. All tissue samples obtained by TCB were routinely
fixed in formalin and embedded in paraffin. Deparaffinized
sections 4-um thick were stained with hematoxylin and
eosin. For immunohistochemical staining, a monoclonal
anti-human immunoglobulin (IgG)4 antibody (Binding Site,
Birmingham, UK) was used with standard immunohisto-
chemical techniques. The extent of 1gG4-positive plasma
cells were scored as none, mild, moderate and marked
according to the number of immunohistochemically identi-
fied positive staining plasma cells per high-power field (hpf)
in each specimen. Tissues with less than 5 positive celis/hpf
were scored as none, 5-10 cells/hpf were scored as mild,
11-30 cells/hpf scored as moderate, and tissues with >30
positive cells/hpf were scored as marked [17].

In this study, patients who met both criterion 1 and 2 of
the revised clinical diagnostic criteria of AIP 2006 (revised
Japanese criteria) were diagnosed with AIP. The following
are the criteria: (1) typical pancreatic imaging features, (2)
typical laboratory abnormalities and (3) histopathological
examinations. First, we compared histopathological find-
ings obtained by EUS-FNA and EUS-TCB with the clinical
features. All tissue slides were reviewed by the same
pathologist (W.H.), who was blinded to the clinical infor-
mation. The histology of AIP, termed LPSP is character-
ized histologically by a dense lymphoplasmacytic infiitrate
centered around the pancreatic ducts and ductules,
accompanied by obliterative phlebitis, acinar atrophy and
interstitial fibrosis (storiform fibrosis) [4, 18, 19]. LPSP
was divided into two types: (1) definite LPSP, showing the
full spectrum of LPSP changes with obliterative phlebitis
(Fig. 1), and (2) probable LPSP when obliterative phlebitis
was absent or abundant (>10 cells/hpf) IgG4 positive
plasmacytes infiltration. Chronic pancreatitis with the
presence of granulocyte epithelial lesion (GEL) was
defined as idiopathic duct-centric chronic pancreatitis
(IDCP) [4, 7]. When features of chronic pancreatitis were
found pathologically, but findings of LPSP or IDCP were
absent, it was defined as idiopathic chronic pancreatitis
(ICP, Fig. 2). Second, we assessed the diagnostic useful-
ness of EUS-TCB in diagnosis of AIP comparing EUS-
FNA, imaging examinations, laboratory findings and the
revised Japanese criteria. Third, we evaluated the useful-
ness of EUS-FNA and TCB for differentiating between
focal pancreatitis and PC.

Statistical analysis

The diagnostic performance of EUS-FNA and TCB were
compared with the chi-squared test (using JMP version

@ Springer
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Fig. 1 Histopathology of lymphoplasmacytic sclerosing pancreatitis
(LPSP). a, b The pancreatic acinar structure is replaced by fibrosis
with lymphoplasmacytic infiltration. Obliterative phlebitis is observed
adjacent to an intact artery (hematoxylin and eosin (H&E); bars
a 500 pm, b 50 um). ¢ Numerous plasma cells show positive
immunoreactivity for IgG4 (C); bar 50 ym

6.0.3 software); A P-value of <0.05 was considered

significant.
Results
Demographics and presentation

Table 1 summarizes the clinical features of the 14 patients
(12 men, 2 women), who underwent both EUS-FNA and
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Fig. 2 Histopathology of idiopathic chronic pancreatitis (ICP).
a, b The pancreatic acinar structure is replaced by fibrosis with little
lymphoplasmacytic infiltration. Obliterative phlebitis is not observed
(H&E; bars a 200 pm, b 50 pum). ¢ No 1gG4 (C)-positive plasma cells
are apparent; bar 50 pm

EUS-TCB for suspected AIP. The patients ranged in age
from 41 to 76 years (median 67 years). Serum levels of
total y-globulin (normal levels <2.0 g/dl) and IgG (normal
levels <1,800 mg/dl) were elevated in five and six patients,
respectively. IgG4 levels were elevated (>135 mg/dl) in 10
patients and normal in the other four patients. Two of the
14 patients were positive for auto-antibodies. ERCP
showed diffuse irregular narrowing of the MPD in ten
patients and segmental narrowing of the MPD that met
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Fig. 3 Comparison of pancreatic tissue obtained by EUS-FNA and
EUS-TCB. Most tissue samples obtained by EUS-FNA are small,
making conclusive diagnosis of AIP difficult (a). Conversely, EUS-
TCB allows preservation of tissue architecture and histological
examination (b). Bars 500 um

criterion 1 of the revised Japanese criteria in two other
patients. One patient showed a focal stricture of the MPD
that did not fulfill the criterion 1. Pancreatography was
unavailable in one patient because a biliary metal stent had
been placed after misdiagnosis of unresectable PC at the
previous hospital. Of these 14 patients, eight were diag-
nosed as AIP according to the revised Japanese criteria, and
the other six were diagnosed as pancreatitis of other
etiologies (Table 1).

EUS-guided fine needle aspiration

The EUS-FNA specimens were adequate for cytology in all
14 patients. EUS-FNA showed negative cytological results
for PC in all patients. The EUS-FNA specimens were
adequate for additional histological evaluation in six of 14
cases (43%), while the FNA specimens did not yield an
adequate tissue core for histological diagnosis (Fig. 3a) in
the remaining eight patients (Table 2). Among the eight
patients with AIP, the results of EUS-FNA were reported
as probable LPSP in three, normal in one, and inconclusive

in four patients. Among the six patients with non-autoim-
mune pancreatitis, the results of EUS-FNA were reported
as probable LPSP in one, ICP in one, and inconclusive in
four patients.

EUS-guided trucut biopsy

Pancreatic tissue specimens were successfully obtained by
EUS-TCB in all 14 patients. All pancreatic biopsies had
preserved tissue architecture and permitted a histological
review (Fig. 3b). A dense lymphoplasmacytic infiltration
was present in every case (Table 3). Nine of the 14 patients
showed abundant IgG4-positive plasma cells, while oblit-
erative phlebitis was found in five patients. Although
neutrophil infiltration was observed in three patients, none
of the 14 patients showed GEL which is a characteristic
feature of IDCP [4, 7]. Dense fibrosis, representing stori-
form fibrosis, was apparent in 13 of the 14 patients.

Among the eight patients diagnosed with AIP according to
the first two criteria, four patients had definite LPSP (Fig. 1)
and four had probable LPSP on EUS-TCB. By contrast, one of
the six patients with non-autoimmune pancreatitis was diag-
nosed with definite LPSP, two were probable LPSP, and three
were ICP (Fig. 2). IgG4 immunostaining yielded positive
results in all five patients who showed the full spectrum of
LPSP changes and was also positive in four of the six patients
with probable LPSP. None of the three patients who showed
pathological ICP had IgG4-positive cells. In our study, 11 of
14 patients showed LPSP (five definite, six probable), but no
patient was diagnosed with IDCP,

Table 4 summarizes a comparison of EUS-FNA and
EUS-TCB for the diagnosis of LPSP. Although 6 of 14
samples obtained by EUS-FNA were diagnostic, more than
half of the samples were inconclusive. On the other hand,
all samples obtained by EUS-TCB were diagnostic. All
eight patients clinically diagnosed with AIP were diag-
nosed as having definite or probable LPSP by EUS-TCB.
Conversely, among the 6 patients diagnosed with non-
autoimmune pancreatitis, three had definite or probable
LPSP on EUS-TCB and three were diagnosed with ICP,
The sensitivity of EUS-TCB for diagnosing LPSP (100%)
was significantly higher than that of EUS-FNA (36%;
P = 0.004). The specificity of EUS-TCB (100%) tended to
be higher than that of EUS-FNA (33%; P = 0.0833). The
diagnostic accuracy of EUS-TCB (100%) was significantly
higher than that of EUS-FNA (36%; P = 0.0006).

EUS-FNA and TCB for focal pancreatitis
and pancreatic cancer

The EUS-FNA specimens were adequate for cytology and

positive for PC in all 14 patients. The EUS-FNA specimens
were adequate for additional histological evaluation in 12
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