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Abstract

Purposes Clinical predictive markers for the malignant potential of pancreatic neuroendocrine tumors (PNETSs) are limited
without histological investigation. We reported previously that a loss of the regular enhancement pattern in preoperative
computed tomography (CT) was correlated with the malignant tumor phenotype. This study aimed to establish whether the
metabolic aspect of the tumor evaluated by fludeoxyglucose (!®F) positron emission tomography/computed tomography
BE_FDG PET/CT is associated with the tumor imaging characteristics and postoperative oncological outcome.

Methods Among 77 patients who underwent surgery with curative intent for a PNET at our institution between 2001 and
2017, 24 who received '®F-FDG PET/CT before surgery were enrolled in this study. The clinical importance of the stand-
ardized uptake value (SUVmax) was investigated with regard to tumor progression and prognosis after curative surgery.
Results There were four (16%) patients with insulinoma. The mean tumor size was 17 mm and when the median value of the
SUVmax (=2.0) was measured as the cut-off value, the SUVmax >2.0 group (n=12) was associated with large tumor size
(»=0.021), high tumor grade (p=0.015), and irregular pattern on CT (p=0.0055). The SUVmax was not correlated with
age, gender, whether the tumor was functioning or non-functioning, or lymph node metastasis. The SUVmax >2.0 group
had significantly poorer disease-free survival (median, 3.5 vs 16.2 months; p =0.023) and poorer overall survival (median,

8.8 vs 16.2 months; p=0.042).

Conclusion An SUVmax > 2.0 on "®F-FDG PET/CT might be associated with higher malignant potential of PNETs.
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Introduction

Pancreatic neuroendocrine tumors (PNETS) are the second
most common primary pancreatic malignancy, accounting
for 1-2% of newly diagnosed pancreatic tumors each year [1,
2]. The incidence of PNETs is 2.5-5 in 100,000 individuals
per year worldwide and has increased rapidly, in line with
developments in imaging modalities [3, 4].

Although there have been remarkable advances in the
diagnosis and treatment of PNET, there has not been a
comparable progression in the ability to predict disease
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progression and prognosis. Some reports have suggested
prognostic factors for predicting survival and disease pro-
gression of PNET, including tumor size, whether the tumor
is functioning or non-functioning, Ki67 index, distant metas-
tases, and treatment modality, but these studies have been
inconclusive about the non-invasive indicators of malignant
potential [5, 6].

Positron emission tomography/computed tomography
(PET/CT) using '®F-fluorodeoxyglucose (‘*F-FDG) has been
shown to be valuable for initial staging and for detecting the
recurrence of many tumor types including PNETs. *F-FDG
PET/CT is a non-invasive imaging technique based on the
principle of specific tissue metabolism [7, 8]. The prognostic
value of '8F-FDG PET/CT has been investigated for several
cancers, such as non-small cell lung cancer [9], metastatic
colorectal cancer [10, 11], and gastric cancer [12, 13].
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We reported previously that the radiologic characteristics
of PNET are associated with tumor progression [14]. In that
report, the attenuation of enhancement and irregular-shaped
expansion on enhanced CT were correlated with recurrence
and poor prognosis after curative surgery. Based on this
finding, we assumed that tumor progression under hypoxic
conditions might be relevant to malignant characteristics.
Previous reports have demonstrated an association between
standardized uptake value (SUVmax) and the stage and
metastatic status of PNETs [15, 16].

We conducted this study to clarify whether “irregular
shape and enhancement pattern”, which was defined in a
previous report [14], is dependent on glucose metabolism;
and the clinical significance of "*F-FDG PET/CT for predict-
ing the malignant potential of PNETs.

Patients and methods
Patients

Between April 2001 and October 2017, 77 patients with a
preoperative diagnosis of PNET underwent curative pan-
creatic resection at the Department of Gastroenterologi-
cal Surgery, Kumamoto University. Twenty-four of these
patients received '®F-FDG PET/CT preoperatively and were
the subjects of this study. Tumors were evaluated preopera-
tively by different diagnostic imaging modalities, including
endoscopic ultrasonography, abdominal CT, and magnetic
resonance imaging (MRI). In patients with multiple tumors,
the diameter of the largest tumor was measured. This study
was approved by the Human Ethics Review Committee of
the Graduate School of Medicine, Kumamoto University.

FDG/PET-CT

8E-FDG PET/CT was performed by injecting 10-12 mCi
of 18F-FDG after an overnight fast. The blood glucose level
was measured just before tracer administration and was
confirmed within 140 mg/ml. For quantitative analysis, the
SUVmax was calculated at the sites of suspected tumor foci
on CT scans. The positive uptake of FDG was defined as the
focal uptake with a SUVmax of > 2.0, which was the median
value of this cohort.

Histological examination

Histological grading and staging were based on the World
Health Organization (WHO) classification for PNET (2010)
and the TNM classification of the Union for International
Cancer Control (UICC) and European Neuroendocrine
Tumor Society (ENETS). Histological examination routinely
included hematoxylin and eosin staining, and additional
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staining with neuroendocrine markers (synaptophysin,
chromogranin A). Tumor grade was determined by the
mitotic count in ten high-power fields and by the percent-
age of tumor cells that were immunohistochemically Ki-67
positive.

Tumor shape and enhancement pattern
on enhanced CT

The definition of tumor shape and enhancement characteris-
tics were described previously [14]. Briefly, the tumor shape
and enhancement characteristics were evaluated in the arte-
rial or portal phase. Tumors with characteristics that met
all of the following criteria were defined as having “regular
tumor shape and enhancement”

1. A round or oval shape with a distinct or indistinct mar-
gin. For small tumors, obtaining robust contrast between
the tumor and background pancreas is sometimes dif-
ficult.

2. Homogeneous tumor enhancement.

3. Enhancement is greater than that of the background
pancreatic parenchyma. Tumors not meeting the criteria
were defined as having “irregular shape and/or enhance-
ment”.

Statistical analysis

All p values were two sided. Qualitative variables were
compared using y? tests, and quantitative variables were
compared using Wilcoxon tests. For overall survival (OS)
and relapse-free survival (RFS), we used the log-rank test
and the Kaplan—Meier method. Commercial software (JMP
Version 10®, SAS Institute, Cary, NC, USA) was used for
all statistical analyses, with p < 0-05 defined as significant.

Results
Patients’ characteristics

The median age was 60 (17-81) years. Nineteen patients
had non-functioning tumors (79.2%), four had insulinomas
(16.7%), and one had a glucagonoma (4.2%). One patient
(4.2%) had multiple endocrine neoplasia 1 (MEN1) disease.
All patients underwent pancreatic surgery with curative
intent. Two patients (8.4%) were found to have liver metas-
tases at surgery. Table 1 gives details of the surgical proce-
dure, tumor size, lymph node status and pathological find-
ings. The median follow-up for the 24 patients who were still
alive at the time of last follow-up was 12 (1-101) months.
Four patients (16.7%) died during follow-up: one (4.2%) of
advanced esophageal cancer and three of liver metastases.
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Table 1 Background

e . Clinicopathological factors
characteristics of the patients

Patient number

with pancreatic neuroendocrine n=24

tumors (PNETS) Age® (years) 60 [17-81]
Male sex® 13 (54%)
Tumor size* (mm) 17 [5-70]
SUVmax? 2.0 [0-13.7]

Histological grade® (grade 1/2/3)

TMN staging® (I/II/ITII/VI)

dTumor type
Non-functioning
Insulinoma
Glucagonoma

Operation procedure
Pancreaticoduodenectomy
Distal pancreatectomy
Middle pancreatectomy
Enucleation

Synchronous liver metastasis

Lymph node metastasis

Capsular invasion

Irregular shaped and/or enhancement tumor

14 (58%)/7 (29%)/3 (13%)
14 (58%)/6 (25%)/2 (8%)/2 (8%)

19 (79%)
4 (17%)
1 (4%)

6 (22%)
14 (25%)
1 (4%)

3 (13%)
2 (8%)

4 (17%)
9 (38%)
12 (50%)

“Results are expressed as the median [range] or as an absolute number
PHistological grade is defined by the WHO classification 2010
“TNM staging is according to the 7th edition of the TNM classification

Recurrence was found in six patients after surgery. All six
had liver metastases, one also had lymph node metastasis,
and one also had lung metastasis.

Relationship between clinical variables
and the SUVmax

With the median SUVmax (n=2.0) defined as the cut-off
value, an SUVmax > 2.0 was significantly correlated with
clinical variables relevant to disease progression, such as
large tumor size > 3.0 cm (p=0.0255), histological grade 2/3
(p=0.0066), and pathological capsular invasion (p =0.0066)
(Table 2). There was a high correlation between tumor size
and SUVmax (r=0.553, p=0.0204; Fig. 1a). Grade 1
tumors had a significantly lower correlation with an SUV-
max > 2.0 than grade 2 and grade 3 tumors (p =0.0204 and
0.0258, respectively; Fig. 1b). An SUVmax >2.0 was sig-
nificantly correlated with poor REFS and poor OS (p=0.0255
and 0.0424, respectively; Fig. 2a, b).

Relationship between radiological features
and the SUVmax

Based on our previous investigation, patients were divided
into a regular shape and enhancement pattern group (regu-
lar type, n=12) and an irregular shape and/or enhancement

Table 2 Relationship between the standardized uptake value (SUV)
max and clinicopathological factors

Clinicopathological factors SUVmax p value
>2.0 <2.0
(n=12) (n=12)
Age?® (years) median [range] 58 [18-76] 65[17-81] 0.3856
Gender male 6 (50.0%) 7 (58.3%) 0.6820
Tumor size* (mm) 7.3[5-23] 10[5-70] 0.0255
Number of tumor >2 4 (33%) 6 (50%) 0.4064
Histological grade (grades 2 and 7 (58%) 1 (8%) 0.0066
3)
TMN stages III and IV 3 (25%) 1 (8%) 0.5901
Synchronous liver metastasis 0 2 (17%) 0.4783
Pathological capsular invasion 7 (58%) 1 (8%) 0.0066
Concomitant lymph node metas- 2 (17%) 1 (8%) 0.5337
tasis
Non-functioning tumor 10 83%) 9 (75%) 0.6143
Irregular type on CT 9 (75%) 3(25%) 0.0122

“Results are expressed as the median [range] or as an absolute number

pattern group (irregular type, n=12). Figure 3a presents
typical cases of PNET. The regular type showed a low
SUVmax, whereas the irregular type showed high SUVmax.
The SUVmax was significantly higher in the irregular type
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Fig.2 Recurrence and prognosis based on the SUVmax. Kaplan—Meier curve of relapse-free survival (a) and overall survival (b) of the SUV
max >2.0 group (n=12) versus the SUVmax <2.0 group (n=12) after surgery with curative intent

A Enhanced CT
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Fig.3 Consistency of imaging characteristics
enhanced computed tomography (CT) and fludeoxyglucose (18F)
positron emission tomography/CT ('*F-FDG PET/CT). a Repre-
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group than in the regular type group (mean 4.34 vs 1.23;
p=0.0033; Fig. 3b).

Discussion

The results of this study suggest that the SUVmax is asso-
ciated with tumor progression in patients with PNET. The
2010 WHO guidelines recommend assessment of the malig-
nant potential of PNET by tumor size and histological grade,
which require invasive investigation. A previous study sug-
gested that the histological grade of PNET obtained by fine-
needle aspiration was inconsistent with that obtained from
resected specimens in 3 of 22 patients [17]. A non-invasive
biomarker that would enable us to assess malignant potential
and monitor the treatment effect is still being sought. Of
note, the SUVmax is significantly lower in histological grade
1 PNET than in grade 2 or grade 3 PNET and is highly cor-
related with tumor size. This suggests that a high SUVmax
in ®F-FDG PET/CT could be a non-invasive predictor of
malignant potential.

Although few investigations have focused on the role of
BE_.FDG PET/CT in patients with PNET, a previous study
showed that a hypoxic condition, assessed by enhanced CT,
was correlated with recurrence and poor prognosis. This type
of hypoxic condition is consistent with the increase in the
SUVmax value in the current study. Cancers exhibit altered
glucose metabolism, defined as the Warburg effect, and in
some cancers, the regulators are reported to be a hypoxia-
inducible factor (HIF) and c-Myc [18]. Whole genome
analysis revealed that there was a subgroup associated with
hypoxia and HIF signaling in patients with PNET [19].
Transcriptomic analysis of both a mouse model of PNET
and human PNET revealed that a metastasis-like primary
subtype, one of three major subtypes, had a remarkably high
number of Ki67 +cells and a low number of CD31 + cells
[20]. Patients with small tumors do not seem to have this
altered glucose metabolism, which accompanies an increase
in the size of the tumor. It is assumed that the oncogenic
switch that induces the Warburg effect does not occur at the
beginning of tumorigenesis, but later in tumor development.
Because the number of patients in the current study was
limited, studies with a larger patient sample are needed to
confirm the clinical outcomes.

We analyzed the current cohort by the SUVmax and
established that the cut-off of 2.0 was useful for discriminat-
ing aggressive tumors from less aggressive ones. Previous
research suggests that the metabolic tumor volume measured
by volumetric analysis with '®F-FDG PET/CT can predict
the prognosis of patients with PNET [15]. In the previous
research, the mean tumor size was 31 mm and the median
SUVmax value was 4.0, whereas in our cohort, the mean
tumor size was 17 mm and the median SUVmax was 2.0. We

assume that our cohort included more patients with small
and non-metastatic tumors, resulting in good correlation
of the SUVmax and disease progression. Thus, metabolic
tumor volume as suggested by the previous investigation
might be useful to predict their prognosis of patients with
advanced PNET.

Four of our patients with small tumors of <2.0 cm had
an SUVmax of >2.0. Two patients with hereditary diseases,
including Hippel-Lindau disease and MEN1, had a 10-mm
tumor with an SUVmax of 5.2 and recurrence in the remnant
pancreas. An irregular pattern on enhanced CT was not seen
in any of the patients, which suggests that '®F-FDG PET/
CT might play a clinical role, even in patients with small
tumors < 2.0 cm in diameter and a regular shape/enhance-
ment pattern on CT.

In conclusion, SUVmax is correlated with radiologic fea-
tures as well as tumor progression in patients with PNET.
An SUVmax > 2.0 in '®F-FDG PET/CT might be useful for
assessing the malignant potential of PNET.
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