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Tomography/Computed Tomography and Glucose
Transporter-1 Expression Correlates With Survival in
Invasive Ductal Carcinoma of the Pancreas
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Objectives: The purpose of this study was to assess the correlations
among the maximum standardized uptake value (SUVmax) on 18F-fluoro-
2-deoxy-glucose positron emission tomography/computed tomography
(FDG-PET/CT); the expressions of glucose transporter 1 (GLUT-1), glu-
cose transporter 3, and epidermal growth factor receptor (EGFR); as well
as prognosis in patients with invasive ductal carcinoma of the pancreas.
Methods: A total of 41 patients with surgically resected and histologi-
cally proven invasive ductal carcinoma of the pancreas who underwent
preoperative FDG-PET/CT were assessed. The SUVmax at the primary
tumor site was measured by FDG-PET/CT, and immunohistochemical
staining of tumor sections was performed for GLUT-1, glucose transporter
3, and EGFR.

Results: Higher FDG uptake (SUVmax, >3.40) and GLUT-1 expression
were significantly associated with shorter overall survival (P < 0.05). The
SUVmax was not found to be significantly correlated with clinicopatho-
logical characteristics such as TNM classification, lymph node metastasis,
and tumor differentiation. The EGFR expression was significantly corre-
lated with the SUVmax (P = 0.024).

Conclusions: Higher FDG uptake and GLUT-1 expression in invasive
ductal carcinoma of the pancreas seems to be an important prognostic fac-
tor. In addition, the EGFR expression was significantly correlated with the
SUVmax.
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P ancreatic cancer is one of the most lethal diseases of the gastro-
intestinal tract. The disappointing outcomes of the current ther-
apeutic approaches for pancreatic cancer represent an urgent need
for the development of novel methods to control the disease. In
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Japan, tumor resection was performed in 36% of patients with in-
vasive ductal carcinoma of the pancreas and the 5-year survival
rate of those who underwent resection was 18.2%." The prognosis
of affected patients is poor, even if treated by pancreatectomy
combined with adjuvant therapy such as chemotherapy and ra-
diation therapy.>* 18F-fluoro-2-deoxy-glucose positron emission
tomography/computed tomography (FDG-PET/CT) has been an
important modality for detecting tumors, monitoring therapy,
and evaluating the prognosis in several malignant cancers,*” in-
cluding pancreatic cancer.®” The accumulation of FDG is based
on the enhanced glycolysis of malignant tumor cells. Several im-
munohistochemical studies have demonstrated the overexpres-
sion of glucose transporters (GLUTSs) in malignant tumors.”'?
This overexpression is reported to be closely related to FDG up-
take.”!° Some studies have shown that increased glucose uptake
and overexpression of GLUT-1 lead to a worse prognosis in inva-
sive ductal carcinoma of the pancreas.'>'# Epidermal growth fac-
tor receptor (EGFR) is overexpressed in approximately 50% to
60% of patients with invasive ductal carcinoma of the pancreas.
Some studies have shown that high EGFR expression correlates
with a worse prognosis.'>!®

In the present study, we examined the correlations among
FDG uptake; clinicopathological characteristics such as stage,
lymph node metastasis, and tumor differentiation; as well as im-
munohistochemical expressions of GLUT-1, GLUT-3, and EGFR.
In addition, we evaluated the associations among FDG uptake;
GLUT-1, GLUT-3, and EGFR expressions; and prognosis.

MATERIALS AND METHODS

A total of 41 patients (21 men, 20 women) with surgically
resected and histologically proven invasive ductal carcinoma of
the pancreas who underwent preoperative FDG-PET/CT at our in-
stitute between March 2004 and March 2010 were included in this
study. This study protocol was approved by the Kurume Univer-
sity institutional review board.

Whole-Body FDG-PET/CT Imaging Acquisition

An integrated full-ring PET/CT scanner (Gemini-GXL 16;
Philips Medical Systems, Inc, Cleveland, Ohio) was used for data
acquisition. In this system, the dimensions of the individual gado-
linium silica oxide crystals are 4 x 6 x 30 mm® and the National
Electrical Manufactures Association 2001 transverse spatial reso-
lution at 1 cm is 5.3 mm. The patients' median blood glucose level
was 102 mg/dL (range, 75-127 mg/dL). All patients were admin-
istered a mean of 6.81 mCi (range, 4.59-9.56) of 18F-FDG via the
antecubital vein. All patients rested quietly for approximately 60
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minutes after the 18F-FDG injection, and whole-body images
were obtained. The patients were examined in the supine position.
Initially, a noncontrast, full-dose CT scan was acquired, starting
from the level of the head and using the following parameters:
200 mAs, 120 kV, 0.75 seconds per tube rotation, slice thickness
of 3 mm, scan length of 940 mm, and data acquisition time of
40 seconds. The PET emission scans of the areas from the level
of the auditory meatus to the mid-thigh were acquired with a time
of 2 minutes 30 seconds per cradle position using a 3-dimensional
acquisition mode. The acquisition of 8 to 9 cradle positions
starting from the head and continuing to the mid-thigh resulted
in an acquisition time of approximately 30 minutes. After both
the transmission and emission images were obtained, they were re-
constructed using the standard normal reconstruction protocol
based on a 3-dimensional line-of-response row-action maximum
likelihood algorithm with which the PET/CT scanner is equipped.

FDG-PET/CT Image Analysis

Three experienced nuclear medicine physicians who were
blinded to the results of other imaging modalities independently
evaluated the whole-body PET images for the presence of abnor-
mally increased uptake in the region of the pancreas. Circular re-
gions of interest (ROIs) were manually placed over the entire area
of abnormal uptake on the pancreas. On the basis of these ROIs,
the maximum standardized uptake value (SUVmax) was calcu-
lated with the following formula: maximum pixel value within
the ROI activity (MBg/kg)/(injected dose [MBq]/body weight [kg]).

Immunostaining

Immunohistochemical staining of tumor sections was per-
formed for GLUT-1, GLUT-3, and EGFR. Paraffin-embedded tis-
sue samples were cut at 4 um, examined on a coated slide glass,
and labeled with the following antibodies using the BenchMark
XT (Ventana Automated Systems, Inc, Tucson, Ariz) and Bond-
Max autostainer (Leica Microsystems, Newcastle, United Kingdom):
GLUT-1 (x100; NeoMarkers, Fremont, Calif), GLUT-3 (ready
to use; Spring Bioscience, Fremont, Calif), and EGFR (ready to
use; Nichirei, Tokyo, Japan). For GLUT-1 and EGFR, BenchMark
XT was used. Briefly, each slide was heat-treated using Ventana's
CCl retrieval solution for 30 minutes, then incubated with the
GLUT-1 and EGFR antibodies for 30 minutes. This automa-
ted system used the streptavidin-biotin complex method, with
3.,3’-diaminobenzidine as the chromogen (Ventana iVIEW DAB
Detection Kit). Immunostaining with GLUT-3 was performed
on the same fully automated Bond-Max system using onboard
heat-induced antigen retrieval with ER2 for 30 minutes and a
Refine polymer detection system (Leica Microsystems). 3,3'-
Diaminobenzidine was used as the chromogen in all immu-
nostainings. In evaluating the expressions of GLUT-1, GLUT-3,
and EGFR, we assumed that the staining intensity of the cancer
cell membranes with the GLUT-1, GLUT-3, and EGFR antibodies
represented GLUT-1, GLUT-3, and EGFR expressions in the can-
cer specimens.

Statistical Methods

All statistical analyses were performed using JMP for Win-
dows (version 10.0; SAS Institute, Cary, NC). Clinicopathological
findings were examined to identify significant differences in
the mean SUVmax. Survival analysis for differences among the
higher and lower FDG uptake, the GLUT-1 and GLUT-3, as well
as EGFR expressions was performed using the Kaplan-Meier
method. A P value of less than 0.05 was considered to be statisti-
cally significant.

© 2014 Lippincott Williams & Wilkins

RESULTS

Patients’ information, characteristics, and tumor characteris-
tics are summarized in Table 1. The age of the patients ranged
from 43 to 81 years (median, 65 years). The male-to-female ratio
was 21 to 20. The TNM staging categories were determined ac-
cording to the criteria established by the International Union
Against Cancer. In all 41 patients, the histological diagnosis was
made after surgery. Twenty-five patients underwent pancreaticodu-
odenectomy, including pylorus-preserving pancreaticoduodenec-
tomy and subtotal stomach-preserving pancreaticoduodenectomy;
13 underwent distal pancreatectomy; and 3 underwent total pancre-
atectomy. All patients were diagnosed with invasive ductal carci-
noma of the pancreas by experienced pathologists of our institute.
The results were as follows: well-differentiated type, n = 23; mod-
erately differentiated type, n = 15; and poorly differentiated type,
n = 3. The SUVmax at the primary tumor site was estimated by

TABLE 1. Patients’ Characteristics (N = 41)

Characteristics Overall (N =41)

64.4 (43-81); median, 65.0

Age, mean (range), y

Sex
Male 21
Female 20
UICC stage
1A 4
1B 1
ITIA 12
1IB 23
111 0
v 1
Tumor differentiation
Well 23
Moderate 15
Poor 3

Maximum tumor diameter,
mean (range), mm

SUVmax, mean [range]

Operation method

29.3 (10-90); median, 25.0

4.13 (0-27); median, 3.40

PD 25
DP 13
TP 3
GLUT-1 expression
Negative 10
Weak 11
Moderate 10
Strong 10
GLUT-3 expression
Negative 25
Positive 16
EGFR expression
Negative 7
Weak 12
Moderate 13
Strong 9

UICC indicates International Union Against Cancer; PD, pancreati-
coduodenectomy; DP, distal pancreatectomy; TP, total pancreatectomy.
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TABLE 2. Correlationship Between the Mean SUV Value
and the Clinicopathological Findings

Parameter (n) SUYV, mean P
Age
265 (22) 4.44 0.773
<65 (19) 3.76
Sex
Male (21) 327 0.418
Female (20) 5.03
UICC stage
1A (4) 2.58
IB (1) 2.80
1A (12) 3.13 0.457
1IB (23) 4.85
111 (0) —
vQ1) 6.90 —
Tumor differentiation
Well (23) 4.39 —
Moderate (15) 343 0.276
Poor (3) 5.57
Tumor size
225 cm (24) 4.15 0.131
<25 cm (17) 4.10
Operation method
PD (25) 425 —
DP (13) 4.06
TP (3) 3.40
GLUT-1
0,1 (21) 3.97 0.057
2,3 (20) 4.29
GLUT-3
+(16) 5.73 0.069
- (25 3.10
EGFR
0(7) 1.86 0.063
1(12) 3.77
2 (13) 3.60 —
309 7.18
EGFR
0(7) 1.86 0.024
1,2,3 (34) 4.59

UICC indicates International Union Against Cancer; PD, pancreatico-
duodenectomy; DP, distal pancreatectomy; TP, total pancreatectomy.

FDG-PET/CT, and the median SUVmax was 3.40 (mean, 4.13;
range, 0-27). Six tumors did not demonstrate visual FDG uptake.

Correlations between clinicopathological characteristics
and FDG uptake, as measured by the mean SUVmax, at the pri-
mary tumor site are shown in Table 2. The SUVmax was not
found to be significantly correlated with the clinicopathological
characteristics such as TNM classification, lymph node metasta-
sis, and tumor differentiation. However, higher GLUT-1, GLUT-3,
and EGFR expressions tended to be correlated with higher FDG
uptake. The mean SUVmax in cases of negative EGFR expression
was significantly lower than that in cases of positive EGFR ex-
pression (P = 0.024).

Figure 1 shows the relationship between overall survival and
SUVmax. The median SUVmax was 3.40. Thus, lower FDG
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FIGURE 1. The relationship between overall survival and SUVmax.
Higher FDG uptake (SUVmax, >3.40) was significantly associated
with shorter overall survival (P=0.0314). The 1-, 2-, and 4-year
overall survival rates in patients with lower FDG uptake (SUVmax,
<3.40) were 100%, 63.2%, and 41.3%, respectively, and those in
patients with higher FDG uptake (SUVmax, >3.40) were 71.4%,
38.1%, and 0%, respectively.

uptake was defined as the uptake below the median SUVmax
and higher FDG uptake was defined as the uptake above the me-
dian SUVmax. Higher FDG uptake (SUVmax, >3.40) was signif-
icantly associated with shorter overall survival (P = 0.0314). The
1-, 2-, and 4-year overall survival rates in patients with lower
FDG uptake (SUVmax, <3.40) were 100%, 63.2%, and 41.3%,
respectively, and those in patients with higher FDG uptake
(SUVmax >3.40) were 71.4%, 38.1%, and 0%, respectively.
Figure 2 shows the relationship between disease-free survival
and the SUVmax. Higher FDG uptake (SUVmax >3.40) was
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FIGURE 2. The relationship between disease-free survival and the
SUVmax. Higher FDG uptake (SUVmax, >3.40) was significantly
associated with shorter disease-free survival (P = 0.0432).
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FIGURE 3. The relationship between overall survival and GLUT-1
expression. Higher (moderate and strong) GLUT-1 expression was
significantly associated with shorter overall survival (P=0.0102). The
1-, 2-, and 4-year overall survival rates in patients with lower GLUT-1
expression were 90.5%, 70.4%, and 44.0%, respectively, and
those in patients with higher GLUT-1 expression were 80.0%,
30.0%, and 10.0%, respectively.

significantly associated with shorter disease-free survival (P =
0.0432). Figure 3 shows that higher (moderate and strong)
GLUT-1 expression was significantly associated with shorter
overall survival (P = 0.0102). The median survival time was
1149 days for patients with lower (negative and weak) GLUT-1
expression and 585 days for patients with higher GLUT-1

expression. The 1-, 2-, and 4-year overall survival rates in patients
with lower GLUT-1 expression were 90.5%, 70.4%, and 44.0%,
respectively, and those in patients with higher GLUT-1 expression
were 80.0%, 30.0%, and 10.0%, respectively. However, higher
GLUT-3 and EGFR expressions were not associated with shorter
overall survival (data not shown).

Figure 4 shows the immunohistochemical staining of GLUT-
1. The intensity of staining was scored using the following scale:
no staining, 0; weak staining, 1+; moderate staining, 2+; and
strong staining, 3+ in more than 10% of cancer cells. Figure 5
shows the immunohistochemical staining of EGFR. The intensity
of staining was scored using the following scale: no staining, 0;
weak staining, 1+; moderate staining, 2+; and strong staining, 3+
in more than 10% of cancer cells.

DISCUSSION

Pancreatic cancer is considered to be one of the most aggres-
sive human cancers. Only a minority of patients with pancreatic
cancer present with resectable disease at the time of first diagno-
sis." Approximately 15% to 20% of affected patients have locally
advanced, nonmetastatic pancreatic cancer. Thus, the prognosis
of pancreatic ductal adenocarcinoma remains dismal; neverthe-
less, substantial improvements have been made in pancreatectomy
and chemoradiotherapy.®> Pancreatic resection remains the only
curative treatment in patients with resectable and nonmetastatic
pancreatic cancer. Although the treatment strategy is controver-
sial,'”"!® surgery should be considered only in resectable disease
and neoadjuvant chemoradiation therapy plus surgery should be
considered in cases of borderline resectable disease.'*** There-
fore, patient selection is important to ensure that surgery is only
offered to those patients who are likely to benefit from it. Further-
more, preoperatively predicting the prognosis of pancreatic ductal
adenocarcinoma is important in the determination of the most ap-
propriate treatment strategy.

FIGURE 4. Immunohistochemical staining of GLUT-1. The intensity of staining was scored using the following scale: no staining,
0; weak staining, 1+; moderate staining, 2+; and strong staining, 3+ in more than 10% of cancer cells.

© 2014 Lippincott Williams & Wilkins
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FIGURE 5. Immunohistochemical stalnlng of EGFR. The intensity of staining was scored using the following scale: no staining,
0; weak staining, 1+; moderate staining, 2+; and strong staining, 3+ in more than 10% of cancer cells.

18F-fluoro-2-deoxy-glucose PET/CT allows for the visuali-
zation of the metabolic activity of tissue and provides information
about the rate of glucose metabolism.>'? Accumulation of FDG
reflects the rate of carbohydrate metabolism, which is an index
of the metabolic activity of the cells.”!? Carbohydrate metabolism
is more active in malignant cells, resulting in significant accumu-
lation of FDG.*7'! These changes in FDG uptake in the tumor
may arise from the expression of GLUTs and glycolytic enzymes
in tumor cells. A variety of studies using FDG-PET/CT have been
reported.*%!"'2 Many investigators have suggested that higher
FDG uptake in the primary tumor is associated with poor survival
among patients with pancreatic cancer and other malignancies.* ¢
Okamoto et al®' reported that the preoperative SUVmax was
higher in the recurrence group during the early postoperative pe-
riod and that a high SUVmax was a risk factor for early postoper-
ative recurrence. Carbohydrate metabolism is more active in
malignant cells, resulting in strong accumulation of FDG. Thus,
the accumulation of FDG is believed to indicate the activity of
the cancer. Our results revealed significant relationships between
prognosis and FDG uptake. On the basis of our results, we spec-
ulate that significant improvements in pancreatic cancer treatment
may be possible if we can preoperatively reveal the prognosis.

Malignant cells demonstrate increased glucose uptake be-
cause of the expression of GLUTs.®”"!* The present results indi-
cate that cellular uptake of FDG is mediated by GLUT-1. Higher
GLUT-1 expression has also been proven to be associated with
pancreatic cellular invasiveness.”> Glucose transporter-1 is unde-
tectable in normal pancreatic tissue but is expressed in pancre-
atic cancer.”> Younes et al*> hypothesized that the expression of
GLUT-1 promotes the use of energy in cancer cells, contributing
to their aggressive behavior. Glucose transporter-1 is considered
to be the predominant upregulated GLUT in malignant epithe-
lial tissues and has been found to correlate with biological behav-
ior in various malignancies.'>!** Basturk et al'® reported that
GLUT-1 may be a potential therapeutic target to limit glucose up-
take and metabolism, thereby limiting the proliferative potential
of malignant cells. Further investigation is needed. Our results

1064 | www.pancreasjournal.com

revealed significant relationships between prognosis (overall sur-
vival and disease-free survival) and SUVmax. The overexpression
of GLUT-1 was also associated with enhanced tumor aggressive-
ness and poor survival.'>#?>23 There were also significant rela-
tionships between overall survival and FDG uptake as well as
GLUT-1 expression. Thus, the standardized uptake value and
GLUT-1 expression are predictors of survival in patients with pan-
creatic ductal adenocarcinoma.

Epidermal growth factor receptor is overexpressed in ap-
proximately 50% to 60% of pancreatic adenocarcinomas.®* It
has been extensively studied in pancreatic ductal adenocarci-
noma, and erlotinib was recently approved in combination with
gemcitabine for the treatment of metastatic disease.> The overex-
pression of EGFR is reported to be significantly correlated with
survival in patients with pancreatic cancer.!>!%2027 However,
our study showed that EGFR overexpression was not associated
with survival. Other studies have shown similar results.**** The
actual prognostic significance of EGFR overexpression is contro-
versial. In nonsmall cell lung cancer, higher FDG uptake corre-
lates with higher EGFR expression.>® The relationship between
erlotinib and EGFR expression has not been reported. Our results
showed a correlation between SUVmax and EGFR expression.
Higher FDG uptake predicts higher expression of EGFR. 18F-
fluoro-2-deoxy-glucose PET/CT is useful for predicting a patient’s
prognosis and the overexpression of EGFR after surgery for pan-
creatic cancer.

Our data indicate that molecular and metabolic imaging tech-
nology provides useful clinical information. Current imaging
technology could help to guide treatment recommendations. The
SUVmax is believed to indicate the activity of the cancer. Our re-
sults revealed significant relationships between prognosis and
SUVmax as well as between prognosis and GLUT-1 expression.
On the basis of our results, we believe that significant improve-
ments in pancreatic cancer treatment may be possible if we can
preoperatively reveal the prognosis.

There are several limitations to this study. First, this was a ret-
rospective study involving a single institution. Second, the number

© 2014 Lippincott Williams & Wilkins
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of cases in this study was small. Studies involving a greater num-
ber of cases are necessary.

In conclusion, higher SUVmax and GLUT-1 expression

in invasive ductal carcinoma of the pancreas seems to be an impor-
tant prognostic factor and higher SUVmax predicts EGFR expres-
sion. Combining these findings can improve their prognostic
value and clinical utility. The findings of this study must be vali-
dated in larger cohorts.
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