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Human Equilibrative Nucleoside Transporter 1 Expression in
Endoscopic Ultrasonography-Guided Fine-Needle Aspiration
Biopsy Samples Is a Strong Predictor of Clinical Response
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Objectives: This study aimed to clarify whether pretreatment human
equilibrative nucleoside transporter (hENT1) expressions in endoscopic
ultrasonography-guided fine-needle aspiration biopsy (EUS-FNAB) speci-
mens obtained from resectable, borderline resectable, and locally advanced
unresectable pancreatic ductal adenocarcinoma (PDAC) are concordant with
those in the resected specimen after gemcitabine-based chemoradiotherapy
(Gem-CRT) and to validate the utility of hENT1 expression using EUS-
FNAB samples as a prognostic marker.
Methods: We evaluated the relationship between hENT1 expressions
assessed by immunohistochemical staining and clinical outcomes in 51
of 76 patients with PDAC who were diagnosed by EUS-FNAB and re-
ceived preoperative Gem-CRT.
Results: The concordance rate of hENT1 expressions was 89.2%
(K = 0.681). Median survival time (month) in the 51 whole patients and
37 patients with resection was significantly longer in hENT1 positive than
in hENT1 negative: 25.0 and 30.0 versus 9.0 and 9.0, respectively. A mul-
tivariate analysis confirmed that hENT1 expression was an independent
prognostic factor in both whole patients and those with resection. Regard-
less of T3 and T4, hENT1-positive patients with resection had significantly
better prognosis than hENT1-negative patients, whose prognosis was sim-
ilar to those without resection.
Conclusions: The assessment of hENT1 expression using EUS-FNAB
samples before Gem-CRT provides important information on patients with
PDAC who can benefit from curative-intent resection.
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G emcitabine (Gem) therapy has been the standard treatment
for pancreatic ductal adenocarcinoma (PDAC) since Burris

et al1 reported that Gem offered better overall survival (OS) than
fluorouracil. However, its efficacy is limited; only 15% of patients
with recurrent and metastatic PDAC2 and up to 30% in general3

can be expected to respond to treatment. Because Gem is strongly
hydrophilic, passive diffusion through hydrophobic cellular mem-
branes is slow. Efficient permeation of Gem into cells requires
specialized integral membrane transporter proteins to cross plasma
membranes.4 Among these transporters, the major mediators of
Gem uptake into human cells are the human equilibrative nucleo-
side transporter 1 (hENT1) and, to a lesser degree, the human con-
centrative nucleoside transporter 3.5–7

The hENT1 has been reported as an important predictive
marker of Gem-based therapy.8 In vitro studies indicated that
hENT1 gene expression was positively associated with Gem-
chemosensitivity.9 High hENT1 expression in resected specimen
was also reported to be associated with increased OS in patients
with PDAC who received postoperative Gem-based chemother-
apy.8,10–16 These studies indicate that hENT1 expression is im-
portant in predicting the survival of patients with PDAC in the
adjuvant setting. However, there have been a few reports describ-
ing the impact of hENT1 expression on the outcome after preop-
erative Gem-based chemoradiotherapy (Gem-CRT) in patients
with PDAC. Our previous study showed that hENT1 expression
was an independent predictor of OS after neoadjuvant Gem-
CRT in the patients with Union Internationale Contrele Cancer
(UICC) T3 to T4.17 We also reported that positive expression of
hENT1 in the resected specimen was the significant prognostic
factor especially for the treatment of locally unresectable (LUR)
PDAC defined by the National Comprehensive Cancer Network
(NCCN) guidelines (2010).18,19

Based on these results, pretreatment/preoperative evaluation
of hENT1 expression in PDAC tissue can be beneficial in pre-
dicting the efficacy of Gem-based therapy before initial treatment.
The specimens obtained by endoscopic ultrasound-guided fine-
needle aspiration biopsy (EUS-FNAB) might be suitable for eval-
uating hENT1 expression; however, the immunohistochemical
(IHC) analysis of hENT1 expression in the pancreatic tumor tissue
taken by EUS-FNAB has not been established. There have been
several studies that examined gene expression including hENT1
in pretreated tissue biopsy samples obtained by EUS-FNAB in
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patients with unresectable PDAC.20–22 Based on genetic analysis
of EUS-FNAB tissue samples, it is suggested that hENT1messen-
ger RNA expression levels might be biomarkers for predicting
and monitoring Gem sensitivity in patients with unresectable
PDAC.22 The examination of total RNA isolated from EUS-
FNAB tissue samples without microdissection has a risk of con-
taminating cells, which could lead to false results. In contrast,
IHC analysis using EUS-FNAB samples can examine cancer-
specific expression of hENT1. However, there have been no pre-
vious reports performing IHC analysis of hENT1 expression in
the pretreatment tissue taken by EUS-FNAB and comparing with
posttreatment resected specimens of PDAC. One of the reasons
why such studies were rare is the difficulty in obtaining sufficient
quantity of cancer cells for IHC analysis because the materials as-
pirated for analysis are often bloody and contain contamination
from gastrointestinal tract epithelium.23–26 Recently, Yamao et al23

have revealed that EUS-FNAB with rapid on-site evaluation
(ROSE) provides more accurate diagnosis than EUS-FNAB with-
out it because a cytopathologist ensures that the samples taken by
EUS-FNAB are adequate for assessment. Because the sampling
rate of PDAC tissues in our institute has been high owing to the
introduction of ROSE, we could retrospectively evaluate the stored
cell block specimens for the IHC analysis of hENT1 expression.

The aims of our study were to clarify whether pretreatment
hENT1 expressions in the EUS-FNAB specimens are concordant
with those in the resected specimen after Gem-CRTand tovalidate
the utility of hENT1 expression using EUS-FNAB samples as a
prognostic marker in patients with locally advanced PDAC who
underwent Gem-CRT.

MATERIALS AND METHODS
Between February 2005 and November 2011, we had en-

rolled 117 patients for our Gem-CRT protocol reported previ-
ously,17,18 who were cytologically or histologically diagnosed as
having PDAC and having UICC T3 and T4 tumors determined
FIGURE 1. Flow diagram of the study participants. ERCP, endoscopic re
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by using 64-slice multidetector computed tomography (MDCT).
Computed tomography was performed according to a defined
pancreas protocol as 4-phasic contrast-enhanced MDCTwith thin
slices at intervals of 1 mm. Patients were excluded when they
showed evident distant metastatic lesions at the time of enroll-
ment. They all gave their written informed consent for inclusion
in the study. These patients were also retrospectively reclassified
into the 3 resectability groups: resectable (R), borderline resect-
able (BR), or LUR, according to the NCCN guidelines (2010).19

Of the 117 patients, 76 were diagnosed with PDAC by cytol-
ogy and/or histology using EUS-FNAB specimen (Fig. 1).
Among 76 cases, 94.7% (n = 72) were diagnosed by cytology,
81.6% (n = 62) were diagnosed by histology, 100% (n = 76) were
diagnosed by either of the 2 methods.We retrospectively reviewed
the formalin-embedded specimens obtained by EUS-FNAB for
these 76 patients, and the adequate amount of histological speci-
mens required for the examination of hENT1 expression could
be found in 52 patients (68.4%), all of which could have IHC
staining successfully performed. Among these 52 patients,
hENT1 positive was found in 34 (65.4%), of whom 29 (85.3%)
could receive resection and 5 (14.7%) could not, whereas hENT1
negative was found in 18 (34.6%), of whom 1 was excluded be-
cause of refusal of treatment, 8 (47.0%) could receive resection,
and 9 (53.0%) could not.

We evaluated the relation between hENT1 expressions and
clinical courses in these 51 patients. The study measured intratu-
moral hENT1 expression, concordance rates of hENT1 expressions
of EUS-FNAB specimens with those of resected tumors, and survi-
val analysis based on hENT1 expression of EUS-FNAB specimen.

EUS-FNAB Procedure
Endoscopic ultrasonography was performed using a linear

array endoscope (GF-UCP240; Olympus Medical Systems Co,
Ltd, Tokyo, Japan), connected to a processor with a color Doppler
function (SSD-α10; Hitachi-Aloka Medical, Ltd, Tokyo, Japan).
trograde cholangiopancreatography.

© 2015 Wolters Kluwer Health, Inc. All rights reserved.
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After the tumor was identified using B-mode imaging, we con-
firmed the absence of vessels in the target area with the color
Doppler mode. After we punctured an aspiration needle into the
tumor under ultrasonographic guidance, the stylet was pulled
out, and the specimen was aspirated with a 20-mL syringe, and
then, the needle moved back and forth several times within the tu-
mor. Negative pressure was released before the needle was removed
from the tumor. A cytologist immediately examined the specimen
with ROSE using rapid stain (Diff-Quik stain; International Re-
agents, Kobe, Japan) to verify that sufficient sample was obtained.
When a tentative diagnosis of malignancy could be made by the
on-site evaluation, we finished the EUS-FNAB procedure. If not,
we performed an additional 1 to 2 punctures to obtain the diagno-
sis. The specimen from each EUS-FNAB pass was fixed in alcohol
and then stained using the Papanicolaou multichromatic proce-
dure. The remaining material was fixed in 10% formalin and then
embedded in paraffin for the cell block analysis to obtain histolog-
ical diagnosis (hematoxylin and eosin [H&E]).

Immunohistochemical Analysis and Evaluation of
hENT1 Expression

After cytological and/or histological diagnosis of PDAC
had been confirmed, we retrospectively evaluated 76 stored cell
block specimens for the IHC analysis of hENT1 expression: IHC
staining was able to be performed successfully on 52 specimens,
whereas the remaining 24 failed. The causes of failure were as fol-
lows: blood clot alone in 4, normal pancreatic tissue in 9, and an
insufficient quantity of malignant cells in 11. For the hENT1 IHC
analysis, we used only cell block samples, neither core biopsy sam-
ples nor cytological smear.

The cell blocks were sliced into 2-μm paraffin sections. The
2-μm sections were used for the assessment of intratumoral
hENT1 expressions with immunohistochemistry as well as being
stained with H&E. Immunostaining procedure was performed
FIGURE 2. Immunohistochemical staining of PDAC for hENT1. A, EUS-F
control (lymphocyte), “hENT1 positive.” B, EUS-FNAB sample showing l
showing high hENT1 expression relative to internal control (islet cells), “
expression, “hENT1 negative.”

© 2015 Wolters Kluwer Health, Inc. All rights reserved.
using the labeled streptavidin-biotin peroxidase complex method
with the Benchmark XT auto-immunostaining system (Ventana
Japan, Tokyo, Japan). The antigen retrieval step was performed
at 90°C, 30 minutes, and then, the sections were incubated in
rabbit-derived anti-hENT1 polyclonal antibody (Medical and Bio-
logical Laboratories Co, Ltd, Nagoya, Japan). The sections were
labeled with an automated immunostaining system with I-View
detection kit. Immunostained sections were lightly counterstained
with Mayer's hematoxylin.

The resected specimens were fixed in a formalin solution,
sliced into 5-mm sections, and embedded in paraffin blocks. A
3-μm section was obtained from each block and stained with
H&E. The sections were routinely examined for pathological dif-
ferentiation and resection margin status. The histological response
of Gem-CRTwas evaluated according to histopathological criteria
of Evans et al.27 According to the result of H&E staining, the most
appropriate one section that contained tumor cells rich enough for
immunostaining was stained to assess intratumoral hENT1 expres-
sion in the same manner as the EUS-FNAB samples.

Two pathologists (T.S., K.U.) whowere blinded to the clinical
characteristics of the patients assessed EUS-FNAB samples and
resected specimens. Scoring for hENT1 immunostaining was per-
formed on the basis of the relative intensities of staining of the
cancer cells, with reference to the normally strong hENT1 stain-
ing of cytoplasm within the lymphocytes in the EUS-FNAB sam-
ples and of cell membranes within the islets of Langerhans
cells in the resected specimen as internal controls, respectively.
The degree of hENT1 expression in the resected specimen was
determined by the intensity as well as extent of positive staining
according to our previous study.17 A revised scoring system ex-
pressing the degree of hENT1 expression in the EUS-FNAB sam-
ples was devised based on our previous study; the scoring system
is represented as follows: a score ranging from 0 to 3 was assigned
based on the intensity of staining, where 0 = no staining,
1 = weakly positive, 2 = moderately positive (same intensity as
NAB sample showing high hENT1 expression relative to internal
ow hENT1 expression, “hENT1 negative.” C, Resected specimen
hENT1 positive.” D, Resected specimen showing low hENT1
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TABLE 1. Background Characteristics of the Patients

Characteristic

Whole
Patients

Patients With
Resection

Resection
Rate

n = 51 n = 37 %

Age, mean (SD) 66.4 (9.6) 66.1 (8.8) —
Sex
Male 29 (56.9%) 22 (59.5%) 75.9
Female 22 (43.1%) 15 (40.5%) 68.2

Tumor location
Head 34 (66.7%) 29 (78.4%) 85.3*
Body/tail 17 (33.3%) 8 (21.6%) 47.1*

UICC-T classification
T3 28 (54.9%) 25 (67.6%) 89.2*
T4 23 (45.1%) 12 (32.4%) 52.2*

Resectability classification
R 5 (9.8%) 2 (5.4%) 40.0*
BR 28 (54.9%) 25 (67.6%) 89.3*
LUR 18 (35.3%) 10 (27.0%) 55.6*

hENT1 expression in
EUS-FNAB samples
Positive 34 (66.7%) 29 (78.4%) 85.3*
Negative 17 (33.3%) 8 (21.6%) 47.1*

*P < 0.05, χ2 test.
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internal control), and 3 = strongly positive. The degree of hENT1
expression was defined as high (neoplastic cells with score 3 ac-
counting for >50% of the total tumor cells), low (neoplastic cells
with score 0 or 1 accounting for >50% of the total tumor cells),
and intermediate (all other neoplastic cells). We defined high
and intermediate staining as hENT1 positive and low staining as
hENT1 negative in both EUS-FNAB samples and resected speci-
mens (Fig. 2).

Treatment Protocol
The treatment protocol of Gem-CRT was described by our

previous reports.17,18 Briefly, the total radiation dose was 45 Gy,
delivered in 25 fractions (5 fractions per week), and the patients
were administered an infusion of Gem at a dose of 800 mg/m2

on days 1, 8, 22, and 29 for 1 cycle. The patients underwent reas-
sessment at 4 to 6 weeks after the completion of Gem-CRT; when
we determined that curative-intent resection was possible, they
were scheduled to undergo pancreatectomy. At the time of reas-
sessment, especially in the case of LUR patients, we determined
that curative-intent resection was possible when the following
findings on MDCTwere observed: no stenosis or change of shape
in the celiac trunk and superior mesenteric artery as well as the
absence of metastatic lesions in other distant organs. Even after
we decided that the tumor was inoperable, we continued chemo-
therapy mainly using Gem. Pancreaticoduodenectomy (PD) or
distal pancreatectomywas performed as previously described.17,18

From 6 weeks after resection, we planned to start the postoperative
chemotherapy regimen, consisting of Gem at a dose of 800 mg/m2

biweekly for at least 6 months. After pancreatectomy, all patients
were evaluated as follows: physical examination every month; lab-
oratory tests including CEA serum levels and carbohydrate antigen
(CA) 19-9 (CA19-9) levels every 2 or 3 months; and MDCTevery
3 months within 2 years and thereafter every 6 months.17,18

Analysis of Factors Contributing to Survival
We analyzed various clinicopathological factors in the whole

patients and those with resection to clarify the significant prog-
nostic factors, including (1) pretreatment factors such as tumor
location, tumor size before Gem-CRT, UICC-T classification, re-
sectability according to NCCN guideline 2010, and hENT1 ex-
pression of EUS-FNAB samples and (2) posttreatment clinical
factors, such as response to Gem-CRT evaluated according to
the Response Evaluation Criteria in Solid Tumors (RECIST),28 re-
duction rate in serum CA19-9 level as previously described,18

presence of distant metastasis after Gem-CRT, and hENT1 expres-
sion of resected specimen.

Statistical Analyses
The results for continuous variables were expressed as mean

or median. For the clinicopathological features of the patients,
P values were calculated by χ2 test or Fisher exact test, as appro-
priate. In the whole patients, the date of the initial treatment was
chosen as the starting point for the measurement of survival time.
The day of final follow-up was December 31, 2013, and there was
no loss of follow-up. Survival time was calculated using the
Kaplan-Meier method and was compared between the groups
using the Wilcoxon test. The factors affecting survival time were
analyzed using the multivariate Cox proportional hazard model.
Individual variables with a significance of P < 0.05 in the univar-
iate Cox proportional hazard model were selected for inclusion
into the multivariate analysis. In the multivariate analysis, vari-
ables with a significance of P < 0.05 were selected. For all statis-
tical tests, a P < 0.05 was considered statistically significant. All
764 www.pancreasjournal.com
statistical analyses were performed using SPSS version 20 soft-
ware (IBM Inc., Chicago, Ill).

RESULTS

Immunostaining and Patient Background
Patient characteristics are summarized in Table 1. Comparing

with the whole patients and those with resection, the resection
rate according to tumor location, UICC-T classification, resect-
ability classification, and hENT1 expression in EUS-FNAB sam-
ples differed significantly: head versus body/tail (85.3% vs
47.1%, P = 0.004), T3 versus T4 (89.2% vs 52.2%, P = 0.003),
resectable versus borderline resectable versus LUR (40.0% vs
89.3% vs 55.6%, P = 0.01), and hENT1 positive versus hENT1
negative (85.3% vs 47.1%, P = 0.004). The positive rate of
hENT1 expression in EUS-FNAB samples was 66.7% in the
whole 51 patients and 78.4% in the 37 patients with resection.

We examined the homology of hENT1 expression between
pretreatment samples obtained by EUS-FNAB and resected spec-
imens after Gem-CRT in 37 resected specimens (Table 2). As the
status of hENT1 expression in the resected specimens was deter-
mined as control, sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy of EUS-FNAB samples
were 93.1%, 75.0%, 93.1%, 75.0%, and 89.2%, respectively.
Therefore, the rate of concordance between EUS-FNAB samples
and resected specimens was 89.2% (K = 0.681). We examined
the characteristics of the 4 patients in whom hENT1 expression
differed between EUS-FNAB samples and resected specimen
(Table 3). In cases 1 and 2, hENT1 expression was found to be
negative (low) in the EUS-FNAB samples, whereas positive (in-
termediate) in the resected specimen. On the other hand, in cases
3 and 4, it was positive (intermediate) in the EUS-FNAB sample,
whereas negative (low) in the resected specimen. When we com-
pared the intensity scores of hENT1 staining between the EUS-
FNAB samples and the resected specimen (control) as shown in
© 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Homology of hENT1 Expression Between
Pretreatment Samples Obtained by EUS-FNAB and Resected
Specimens After Gem-CRT (Κ = 0.681)

FNAB Sample
Positive

FNAB Sample
Negative

Resected specimen positive 27 2
Resected specimen negative 2 6

Sensitivity, 93.1%; specificity, 75.0%; positive predictive value, 93.1%;
negative predictive value, 75.0%; and accuracy, 89.2%.
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Table 3, the intensity scores in the resected specimen in all of
4 cases contained more than 2 kinds of intensity with various
dominant area, and those in the EUS-FNAB samples contained
one or more scores of the resected specimen with dominant
area, which was different from the resected specimen. These
findings suggested that the discrepancy between EUS-FNAB
samples and resected specimen occurred because the intensity of
staining and its area in the resected specimen varied widely in
these 4 cases.

Patient Characteristics and Effect of Gem-CRT
According to hENT1 Expression

Pretreatment clinical factors and the clinical response after
Gem-CRT in the whole patients and those with resection are sum-
marized in Table 4. Pretreatment clinical factors in the whole
patients and in those with resection did not differ between
hENT1-positive and hENT1-negative expression. As for RECIST
after Gem-CRT in the whole patients, the percentage of the pa-
tients with partial response (PR) and stable disease (SD) was sig-
nificantly higher in hENT1 positive than in negative: 82.4%
versus 52.9% (P = 0.047). Distant metastasis after Gem-CRT oc-
curred significantly less frequently in hENT1 positive than in neg-
ative: 11.8% versus 47.1% (P = 0.005). The incidence of the
patients with CA19-9 reduction rate of 50% or more was signifi-
cantly higher in hENT1 positive than in negative: 64.7% versus
24.5% (P = 0.006). In the patients with resection, the incidence
of patients with CA19-9 reduction rate of 50% or more was sig-
nificantly higher in hENT1 positive than in negative: 75.9% versus
37.5% (P = 0.04), whereas other factors did not differ between
the 2 groups.

Univariable and Multivariable Analyses for
Prognostic Factors

In the whole patients, UICC-T classification (P = 0.002),
hENT1 expression of EUS-FNAB samples (P < 0.001), response
of Gem-CRT (P < 0.001), CA19-9 reduction rate (P = 0.001), and
distant metastasis after Gem-CRT (P < 0.001) were found to be
significant in the univariate model; however, in the multivariate
model, only hENT1 expression and UICC-T classification were
found to be significant independent prognosis factors (Table 5).
In the patients who underwent resection, UICC-T classification
(P = 0.015), hENT1 expression of EUS-FNAB samples (P < 0.001),
and hENT1 expression of resected specimen (P < 0.001) were
found to be statistically significant in the univariable analyses;
however, again, in the multivariate model, only hENT1 expression
and UICC-T classification were found to be significant (Table 5).

In the 51 whole patients and 37 with resection, survival rates
were significantly higher in hENT1 positive than in hENT1 nega-
tive as shown in Figure 3. Furthermore, we compared survival
curves according to hENT1 expression in T3 (Fig. 4A, B) and
© 2015 Wolters Kluwer Health, Inc. All rights reserved. www.pancreasjournal.com 765
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TABLE 4. Patient Characteristics and Effect of Gem-CRT According to hENT1 Expression

Values

Whole Patients Patients With Resection

hENT1 Positive hENT1 Negative

P

hENT1 Positive hENT1 Negative

Pn = 34 n = 17 n = 29 n = 8

Pretreatment clinical factors
Age, mean (SD), y 67.3 (8.5) 64.7 (11.6) 0.357 66.0 (8.1) 66.4 (11.7) 0.917
Sex (male/female) 18/16 11/6 0.552 17/12 5/3 0.221
Tumor size before Gem-CRT, mean (SD), cm 32.5 (9.3) 33.5 (13.0) 0.747 31.8 (9.2) 30.5 (7.5) 0.724
UICC-T classification 0.553 0.612

T3 20 8 19 6
T4 14 9 10 2

Resectability 0.373 0.722
R 3 2 2 0
BR 21 7 19 6
LUR 10 8 8 2

Clinical response after Gem-CRT
Response of Gem-CRT (RECIST) 0.047 0.450

Complete response 0 0 0 0
PR 4 (11.8%) 0 4 (13.8%) 0
SD 24 (70.6%) 9 (52.9%) 24 (82.8%) 8 (100%)
PD 6 (17.6%) 8 (47.1%) 1 (4.4%) 0

Distant metastasis after Gem-CRT 4 (11.8%) 8 (47.1%) 0.005 0 0 -
CA19-9 levels, median

Pre–CA19-9, U/mL 313.15 218.6 0.839 309.9 202.75 0.928
Post–CA19-9, U/mL 82.4 249.3 0.100 40.4 134.5 0.346

Degree of reduction rate in CA19-9 0.006 0.040
≥50% 22 (64.7%) 4 (23.5%) 22 (75.9%) 3 (37.5%)
<50% 12 (35.3%) 13 (76.5%) 7 (24.1%) 5 (62.5%)

Yamada et al Pancreas • Volume 45, Number 5, May/June 2016
T4 patients (Fig. 5A, B). In T3 patients, the survival rates were
significantly higher in hENT1 positive than in hENT1 negative
in the whole patients and in those with resection. In T4 patients,
the survival rates did not significantly differ between hENT1 pos-
itive and negative in the whole patients, whereas in the patients
with resection, the survival rates were significantly higher in
hENT1 positive than in negative. Interestingly, survival curves in
the patients without resection (14 patients in Fig. 3B, 3 in Fig. 4B,
and 11 in Fig. 5B) were very similar to those of hENT1 negative
with resection (8 in Fig. 3B, 6 in Fig. 4B, 2 in Fig. 5B).
DISCUSSION
The hENT1 expression assessed immunohistochemically in

the resected specimen has been proven to be a significant prognos-
tic marker of patients with PDAC undergoing Gem-based adju-
vant therapy,8,10–17 although the assessment method for grading
of expression and reference cells (Langerhans cells or lympho-
cytes) differed among the studies. In our previous study on the
55 patients using Langerhans cells as a reference,17 staining inten-
sity and extension of stained tumor cells (I-E) were graded as high
(n = 14, 25.5%), intermediate (n = 25, 45.5%), and low (n = 16,
29.0%). High and intermediate were defined as positive (71.0%)
and low was defined as negative (29.0%), and survival rate was
significantly higher in the hENT1-positive group than in the
hENT1-negative group. Using lymphocytes as a reference, Farrell
et al10 reported that I-E was categorized as high (n = 34, 37.4%),
low (n = 39, 42.8%), and no staining (n = 18, 19.8%), in which
greater than 50% of cells showed no staining and that survival rate
was significantly higher in the hENT1 high/low than in the no
766 www.pancreasjournal.com
staining. Using Langerhans cells as a reference, Nakagawa et al15

also reported that I-E was graded high (n = 78, 71.6%) and low
(n = 31, 28.4%) and that survival rate was significantly higher in
the hENT1 high than in the low. Therefore, the proportion of
hENT1 expression was similar among these previous 3 studies,
although the assessment method based on I-E for grading of ex-
pression slightly differed. In contrast, Kawada et al29 revealed that
hENT1 expression in the resected specimens was not associated
with prognosis in the patients who underwent resection after preop-
erative Gem-CRTand immediately received postoperative liver per-
fusion chemotherapy using continuous infusion of 5-fluorouracil
(for 28 days) into the hepatic artery and portal vein through a cath-
eter inserted during the surgical procedure. They suggested that
5-FU liver perfusion had a negative impact on the role of hENT1
expression in prognosis.

If pretreatment evaluation of hENT1 expression in PDAC
specimen obtained by EUS-FNAB becomes possible without dif-
ficulty, it is very useful to predict the efficacy of Gem-based
therapy. The IHC analysis of hENT1 expression in the EUS-
FNAB specimens has not been established, and thus, we first
examined whether pretreatment hENT1 expressions in the EUS-
FNAB specimens were concordant with those in the resected
specimen after Gem-CRT. As a result, the rate of concordance be-
tween them was 89.2%, which is higher than the previous 2 re-
ports concerning the other IHC studies: 86.5% in the study on
SMAD4 protein and 73.9% in the study on ZIP4.30,31 The reason
why the concordance rate in the 3 studies including ours did not
reach 100% is unclear.

However, we could identify the features of the 4 patients in
whom hENT1 expression differed between EUS-FNAB samples
© 2015 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 3. Cumulative survival curves according to hENT1 expression. A, Whole patients comparing hENT1 positive (n = 34) and negative
(n = 17). B, Patientswith resection comparing hENT1 positive (n = 29) and negative (n = 8), and those without resection (n = 14). *P < 0.001
versus hENT1 negative. #P < 0.001 hENT1 negative with resection.
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and resected specimen by comparing the intensity scores and its
area of hENT1 staining between the EUS-FNAB samples and the
resected specimen: the intensity of staining and its area in the
resected specimen varied widely, indicating the existence of tumor
heterogeneity in these 4 cases. A recent study on the evaluation
of Ki-67 index in pancreatic neuroendocrine tumors also dem-
onstrated intratumoral heterogeneity by comparing its index in
EUS-FNAB specimens and resected specimens as the criterion
standard: concordance rate remained 74.0% using the mean Ki-67
index.32 It is however interesting to note that Gem-CRT did
not seem to change the preoperative/postoperative correlation of
hENT1 staining.

With the use of EUS-FNAB specimens, our hENT1 IHC
analysis could be successfully performed in 68.4% (52/76) among
FIGURE 4. Cumulative survival curves in T3 patients according to hENT1
and negative (n = 8). B, T3 patients with resection comparing hENT1 po
(n = 3). *P < 0.001 versus hENT1 negative. #P < 0.001 hENT1 negative w
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the cases diagnosed cytologically and/or histologically as PDAC,
under the situations that the remaining materials followed by
cytological/histological diagnosis were used and that some of
adequate samples might be already consumed before the IHC
analysis. These results suggested that EUS-FNAB specimens ob-
tained from PDAC were appropriate for IHC analysis of hENT1.
In the method similar to ours, which used the remaining samples
after diagnosis to evaluate SMAD4 protein, only 44.4% (52/117)
could be analyzed.30 It is therefore considered that the success
rate of IHC analysis using EUS-FNAB samples obtained from
PDAC specimens remains not so high. Concerning the reason
why the success rate remains low, Navina et al33 recently evaluated
the adequacy of EUS-FNAB samples of pancreatic masses for
theranostic studies by assessing the cellularity of the cytology
expression. A,Whole T3 patients comparing hENT1 positive (n = 20)
sitive (n = 19) and negative (n = 6), and those without resection
ith resection.

© 2015 Wolters Kluwer Health, Inc. All rights reserved.

http://www.pancreasjournal.com


FIGURE 5. Cumulative survival curves in T4 patients according to hENT1 expression. A,Whole T4 patients comparing hENT1 positive (n = 14)
and negative (n = 9). B, T4 patients with resection comparing hENT1 positive (n = 10) and negative (n = 2), and those without resection
(n = 11). *P = 0.126 versus hENT1 negative. #P < 0.001 hENT1 negative with resection.

Pancreas • Volume 45, Number 5, May/June 2016 hENT1 Expression by EUS-FNAB Is Prognostic Marker
material. They retrospectively evaluated 169 EUS-FNAB specimens
with positive diagnoses of solid epithelial pancreatic neoplasms
(adenocarcinoma, 88%) for smear and cell block cellularity. Cel-
lularity of cell blocks was scored on a scale of 1 to 4 (score 1
for <50 lesional cells; score 2 for 50–100, score 3 for 100–200,
and score 4 for >200), and scores of 3 or 4 were deemed adequate
for ancillary studies such as IHC analysis. As a result, only 12.4%
of the positive cases had a cell block cellularity score that was ad-
equate for theranostic studies. This score was not associated with
ROSE, needle gauge, or number of passes. Tumor size and fibro-
sis score of resected tumors correlated with cellularity, but only
larger size in pancreatic neuroendocrine tumors was significantly
associated with adequacy. Furthermore, 75 PDAC cases were pro-
spectively evaluated for cellularity score: score 0 in 39%, score 1
to 2 in 49%, and score 3 in 12%.When taking this cellularity score
1 to 3 of 61% and our result of yield 68.4% for hENT1 IHC anal-
ysis together, the cellularity score 1 or greater might be enough
for hENT1 IHC analysis. Consequently, to enhance the clinical
utility of pretreatment/preoperative IHC hENT1 examination, we
have to develop a novel method to improve tumor cell yield, in-
cluding modified cytological techniques and new needle designs.

Serum levels of CA19-9 have been accepted as a measure of
pancreatic cancer burden, and the role of CA19-9 has been recently
underscored for the evaluation of patients with pretreatment/
preoperative therapy before planned surgical resection. Our previ-
ous 2 studies, which evaluated the clinical response after Gem-
CRT for PDAC according to the hENT1 expression in the resected
specimen, revealed that the hENT1-positive group had signifi-
cantly higher reduction rate of CA19-9 than the hENT1-negative
group, although RECIST did not differ between the 2 groups.17,18

In our present study using pretreatment/preoperative EUS-FNAB
samples in the whole patients, the incidence of the patients with
CA19-9 reduction rate of 50% or more was significantly higher
in the hENT1-positive group than in the hENT1-negative group,
and percentage of the patients with PR and SD in RECIST after
Gem-CRT was significantly higher in the hENT1-positive than
in the hENT1-negative group. In the patients with resection, how-
ever, RECIST did not differ between the 2 groups. Concerning the
reason why RECIST results differed between the whole patients
and thosewith resection, 47.1% (8/17) of hENT1 negative showed
© 2015 Wolters Kluwer Health, Inc. All rights reserved.
PD after Gem-CRT, and all of them could not receive pancre-
atectomy, whereas only 18.6% (6/34) of hENT1 positive showed
PD, and one of them could receive pancreatectomy. It was there-
fore considered that hENT1 expression was not associated with
RECIST in the patients with resection. Other than our studies
comparing the clinical response between hENT1 positive and
negative, Poplin et al34 evaluated clinical response using RECIST
and survival in patientswithmetastatic PDAC, and hENT1 status had
no influence on RECIST and survival (median survival time): the
percentage of PR/complete response was 15.5% (9/58), and me-
dian survival time was 5.2 months in hENT1 high, whereas 26.3%
(30/118) and 6.1months, respectively, in hENT1 low. They consid-
ered that the role of hENT1was less important inmetastatic disease
than after surgery with a presumed micrometastatic state. In con-
trast, our study included the patients with locally advanced (T3/T4)
PDAC without distant metastasis at the time of enrollment, and at
the time of reassessment (approximately 2–3 months after enroll-
ment), distant metastasis became apparent in 23.5% (12/51) of
the patients: hENT1 positive (n = 4) and negative (n = 8). These
12 patients died within 12 months regardless of hENT1 expression.

As for Gem-based pretreatment studies on hENT1 expres-
sion in PDAC, to the best of our knowledge, there have been
4 studies including our study: the clinical outcomes of patients
undergoing Gem-CRT could be predicted by IHC analysis of
hENT1 in EUS-FNAB samples obtained from T3/T4 (R/BR/
LUR) PDAC. The one study, which evaluated messenger RNA
expression levels of hENT1 using EUS-FNAB specimens ob-
tained from patients with stage III/IV inoperable (LUR and meta-
static) PDAC, did not show that its expression levels influenced
survival.22 The remaining 2 studies on IHC hENT1 evaluation
in PDAC, of which one used biopsy specimens of metastatic le-
sions33 and the other used biopsy specimens from the primary
and metastatic lesions in stage III/IV inoperable (LUR and meta-
static) patients,35 did not demonstrate any significant differences
in prognosis between the high- and low-hENT1 subgroups either.
The reason for the conflicting results between our study and the
other 3 probably is that the other 3 studies included only inopera-
ble patients who had basically poor prognosis in itself, whereas
ours included the patients with locally advanced (T3/T4) PDAC
without distant metastasis. It is considered that tumor progression
www.pancreasjournal.com 769
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influences the role of hENT1 expression in clinical response as
well as prognosis in patients with PDAC, and we therefore com-
pared survival curves according to hENT1 expression in T3 (R/BR)
and T4 (BR/LUR) patients. In T3, prognosis was significantly
better in hENT1 positive in the whole patients and in those with
resection. In T4, it did not significantly differ between hENT1
positive and negative in the whole patients, whereas it was signif-
icantly better in hENT1 positive in those with resection. These re-
sults indicate that the role of hENT1 expression in Gem-based
treatment becomes less important as tumor progresses.

Our treatment protocol of Gem-CRT for patients with locally
advanced (T3/T4) PDAC was conducted for aiming to achieve
curative-intent resection after reassessment, even though it was
determined initially LUR. Therefore, we have to clarify the sig-
nificance of preoperative/pretreatment assessment of hENT1 ex-
pression using EUS-FNAB specimens based on our results: its
assessment identifies patients with PDAC who can benefit from
curative-intent resection followed byGem-based adjuvant therapy.
Regardless of T3 and T4 tumors, hENT1-positive patients who
underwent curative-intent resection had significantly better prog-
nosis compared with hENT1-negative patients with resection,
whose prognosis was similar to those without resection. To im-
prove the prognosis in hENT1-negative patients, a novel regimen
other than Gem-based treatment needs to be further investigated.

In conclusion, pretreatment hENT1 expressions in the EUS-
FNAB specimens are concordant with those in the resected
specimen after Gem-CRT, and its assessment before Gem-CRT
provides us the important information on patients with PDAC
who can benefit from curative-intent resection followed by Gem-
based adjuvant therapy.
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