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Abstract

Background A novel morphological classification using
resected specimens predicted malignant potential and
prognosis in patients with pancreatic neuroendocrine
tumors (P-NETs). The aim of this study was to examine the
predictive ability of morphological diagnoses made using
non-invasive  multi-detector computed  tomography
(MDCT) in P-NETs.

Methods Between 2002 and 2015, 154 patients were
diagnosed with P-NETs at the Tokyo Medical and Dental
University, and 82 patients who underwent surgical treat-
ment were enrolled. The primary tumors were classified by
MDCT into three types: Type I, simple nodular tumor;
Type 11, simple nodular tumor with extra-nodular growth;
and Type III, confluent multinodular tumor. Patients were
stratified by 15 clinical specialists according to classifica-
tion and without any other clinical or pathological
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information. Clinicopathological features and patient sur-
vival were reviewed retrospectively.

Results The mean observation time was 1004 days. Forty-
six, 22, and 14 patients had Type I, II, and III tumors,
respectively. Morphological classification was significantly
correlated with advanced features such as tumor size, Ki-67
index, and synchronous liver metastasis (p < 0.001 for all).
There were significant differences between all three tumor
types as judged by ENETS TNM classification
(p < 0.001), AJCC TNM classification (p = 0.046), WHO
2004 classification (p < 0.001), and WHO 2010 classifi-
cation (p < 0.001). Five-year progression-free survival
(PFS) rates for patients with Type I, II, and III tumors were
97, 43, and 31%, respectively (I vs. II, p < 0.001; I vs. 111,
p <0.001; II vs. II, p = 0.017). Multivariate analysis
revealed Type II/IIT tumors and synchronous liver metas-
tasis to be independent risk factors for poor PFS.
Conclusion A novel simple morphological classification
system would predict Type II and III tumors that may have
higher malignant potential than Type I tumors.

Keywords Pancreatic neuroendocrine tumors -
Morphological classification - Multi-detector computed
tomography - WHO 2010 classification - ENETS TNM
classification - AJCC TNM classification - Single nodular
with extra-nodular growth - Confluent multinodular

Introduction

Pancreatic neuroendocrine tumors (P-NETs) [1] are rare;
however, P-NET diagnoses have remarkably increased in
recent years, increasing 4.8-fold from 1997 (1.09/100,000)
to 2004 (5.25/100,000) in the United States and 1.2-fold
from 2005 (2.23/100,000) to 2010 (2.69/100,000) in Japan
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[2, 3]. The increase seems to be due in part to advanced
diagnostic technology [4].

The P-NETs classification has changed substantially in
the last decade [5, 6]. In 2010, the World Health Organi-
zation (WHO) classified P-NETs into classes G1, G2, and
neuroendocrine carcinoma (NEC), based on mitotic count
and/or Ki-67 index [7]. This pathological classification
may define P-NETs by their proliferative ability. However,
it remains unclear whether a single proliferative feature can
properly evaluate malignant potential, including the ability
to metastasize to distant organs.

To examine the clinical significance of morphological
appearance in P-NETs, we previously established a patho-
logical classification and identified an important link
between macroscopic morphology and malignant potential
[8]. Resected primary P-NETs can have a pathological
classification of simple nodular type (Type I), simple nodular
type with extra-nodular growth (Type II), or confluent
multinodular type (Type III). In previous studies, patients
with simple nodular tumors had significantly better survival
than patients with tumors of the other macroscopic types [8].
There is no other report describing the link between mor-
phological appearance and prognosis of patients with
P-NETs. However, many previous studies have determined
that macroscopic morphology is one of the best prognostic
factors in other tumor types, e.g., hepatocellular carcinoma
[9-12], and that morphological classification is an important
determinant of a malignant gene signature [13].

Recent studies have found that computed tomography
(CT) plays an important role in early diagnosis by detecting
small tumors, thus allowing for more precise staging of
P-NETs [14]. Several studies have reported on the rele-
vance of preoperative CT findings in predicting P-NET
characteristics and prognoses [15-17]. However, there
have been no studies evaluating the morphological
appearance of P-NETs using CT.

In this study, we examined whether preoperative mor-
phological diagnoses made using multi-detector computed
tomography (MDCT) could predict long-term prognoses of
patients with P-NETs. We stratified the patients by mor-
phological type prior to surgical treatment and compared
the clinicopathological features between the groups. This
study identifies a simple and non-invasive morphological
classification system that can be used to predict the
malignant potential of P-NETs.

Methods
Patients and methods

Between 2002 and 2015, 154 patients with P-NETs
received treatment at the Tokyo Medical and Dental

University. Of these, 108 underwent surgical treatment.
Eighty-two patients who underwent arterial, portal, and
equilibrium phase imaging by MDCT before surgical
treatment were enrolled in this study (Fig. 1). Written
informed consent was obtained from each subject, and all
study procedures were approved by an institutional review
board (The Human Research Ethics Committee, Tokyo
Medical and Dental University 1D:1080).

We established a novel simple morphological classifi-
cation system for P-NETs as shown in Fig. 2. The shape of
the primary tumor was classified by CT imaging into 3
types: Type I, simple nodular (the round shape with clear
demarcation); Type II, simple nodular with extra-nodular
growth (a tumor similar to Type I, with extra-nodular
growth); and Type III, confluent multinodular (a tumor
formed by a cluster of small and contiguous nodules). The
largest area of the lesion was evaluated, and 15 clinical
specialists (1 radiologist and 14 pancreatic surgeons)
independently determined the morphological type without
any other clinical or pathological information. The major-
ity decision was taken as the final diagnosis. The 15 spe-
cialists had to decide only one morphological type and the
majority opinion was selected as the final diagnosis. In 81
patients, more than half of the specialists (=8 specialists)
were in agreement. With 1 patient, 6, 5, and 4 specialists
selected Type I, II and III, respectively. The case turned out
to be “Type 1.

154 patients

With P-NETs

. No Surgical treatment

(n =46)
108 patients underwent
surgical treatment

' Diagnosed without MDCT
(n=15)

' Not available MDCT images
(n=5)

' Unable to detect tumor by MDCT
(n=6)

\ 4

82 patients included |

Fig. 1 Study design
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Fig. 2 The morphological
classification system for
pancreatic neuroendocrine
tumors. Type I, simple nodular
tumor: the round shape with
clear demarcation; Type II,
simple nodular tumor with
extra-nodular growth (similar to
Type I but showing extra-
nodular growth); Type III,
contiguous multinodular tumor,
formed by a cluster of small and
contiguous nodules

Single nodular

Patient background characteristics and other pathological
findings were examined. Background characteristics included
age, gender, genetic syndrome such as multiple endocrine
neoplasia Type I, tumor functionality, tumor location, syn-
chronous lymph node and liver metastases, and surgical pro-
cedure. Pathological findings included tumor size, ENETS
classification, AJCC classification, and immunohistochemi-
cal findings such as Ki-67 index and hormone production.

According to the WHO 2010 Classification of Tumors
of the Digestive System, P-NETs can be classified into
three grades on the basis of mitotic count and Ki-67 pro-
liferative index: G1, mitotic count of <2 per 10 high-power
fields (HPF) or <3% Ki-67 index; G2, mitotic count of
2-20/10 HPF or 3-20% Ki-67 index; and NEC: mitotic
count of >20/10 HPF or >20% Ki-67 index. The higher
grade was assigned, per WHO recommendation, if there
was a discrepancy between Ki-67 index and mitotic count
[7]. We quantified the Ki-67 proliferative index and mitotic
count by counting at least 500 cells in “hot spots.”

All patients were followed up regularly with laboratory
tests and MDCT with a bolus injection of contrast medium
at least every 3-6 months. Evaluation of progression/re-
lapse was performed by at least two radiologists. Progres-
sion-free survival (PFS) was defined as the time from the
surgical treatment to the date of the first observation of
progression/relapse or death due to any cause. Information
on outcomes more than 5 years after surgery was collected
by personal interview, if patients had been observed in
other hospitals. Total survival was examined in July 2015.

Statistical analysis

Statistical comparisons for significance of clinicopatho-
logical features were performed using Chi-square test or

@ Springer

Single nodular with

extranodular growth Confluent multinodular

Fisher’s exact test with a single degree of freedom. Con-
tinuous data are expressed as the median (range). Contin-
uous variables were compared among the groups using the
Kruskal-Wallis test, and categorical variables were ana-
lyzed by Student’s ¢ test. Survival curves were illustrated
using the Kaplan—-Meier method and compared with log-
rank tests. Significant variables were subjected to univari-
ate analysis using a Cox proportional hazards model.
p < 0.05 was considered statistically significant. All sta-
tistical analyses were performed using SPSS version 23.0
(SPSS, Chicago, IL).

Results

The mean observation time was 1004 days. Of 82 patients,
46, 22, and 14 had Type I, I, and III tumors, respectively.
The clinicopathological features of the three groups are
listed in Table 1. Five patients had a genetic syndrome,
such as multiple endocrine neoplasia Type I or von Hippel-
Lindau disease. Functional tumors were found in 16
patients. Hyperglycemia, ulcer of the upper gastro-intesti-
nal tract, and hypoglycemia that diminished after pancre-
atectomy were observed in 1, 2, and 10 patients,
respectively. On pathological examination, gastrin-pro-
ducing tumors, insulin-producing tumors, and glucagon-
producing tumors were identified in 7, 16, and 27 patients,
respectively. Twenty-nine patients had tumors in the pan-
creatic head, and 53 in the pancreatic body/tail. There were
no significant differences among the three groups in age,
gender, genetic syndrome, tumor functionality, or tumor
location (head vs. body/tail). Morphological classification
(Type I vs. IT vs. III) was significantly correlated with the
features of advanced P-NETs, in particular, large tumor
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Table 1 Baseline Type 1 Type 11 Type 111 p value
;:lliaracteristics of Type I, II and (n = 46) (n = 22) (n = 14)
Age 59.5 (28-73) 50.0 (36-80) 58.0 (22-80) 0.572
Gender 0.212
Male 21 10 10
Female 25 12 4
Genetic syndrome 0.769
MEN Type 1 3 1 0
VHL disease 1 0 0
Sporadic 42 21 14
Tumor functionality 0.879
Gastrinoma 3 1 0
Insulinoma 7 2 2
Glucagonoma 1 0 0
Non-function 35 19 12
Location 0.153
Head 17 10 2
Body/tail 29 12 12
Synchronous LNs metastasis 4 (9%) 4 (18%) 9 (64%) <0.001*
Synchronous Liver metastasis 2 (4%) 3 (14%) 12 (86%) <0.001*
Tumor size 1.2 (0.5-3.5) 2.3 (4.5-9.9) 44 (1.8-11.1) <0.001*
Ki67 index 1.0 (0.4-15) 4.3 (1.0-51.8) 17.7 (2.0-80.0) <0.001*
Mitoses (/10 HPF) 1 (0-3) 1 (0-36) 3.5 (0-40) <0.001*
Curative operation <0.001*
RO 45 20 3
R2 1 2 11
Surgical procedure <0.001*
Enucleation 7 0 0
PD 14 10 1
DP 24 12 9
TP 1 0 0
Exploratory laparotomy 0 0 4

MEN multiple endocrine neoplasia, VHL Von Hippel-Lindau, LNs lymph nodes, HPF high power field, PD
pancreatoduodenectomy, DP distal pancreatectomy, TP total pancreatoduodenectomy

Values are shown as numbers (percentage) or medians (ranges)

size, high Ki-67 index, synchronous lymph node metasta-
sis, and synchronous liver metastasis (p < 0.001 for all).
Curative operation (RO vs. R2) and surgical procedure
(enucleation, pancreatoduodenectomy, distal pancreatec-
tomy, total pancreatoduodenectomy, and exploratory
laparotomy) were significantly different between each
classification (p < 0.001 for all).

Table 2 shows the relationship between morphological
classification and tumor malignancy using various staging
systems. The morphological classification (Type I, II, III)
was significantly correlated with advanced grade and/or
stage as judged by ENETS TNM classification (p < 0.001),
AJCC TNM classification (p = 0.046), WHO 2004

classification (p < 0.001), and WHO 2010 classification
(p < 0.001).

Figure 3 shows the 5-year PFS rates after surgical
treatment of patients with Type I, I, and III tumors (97, 43,
and 31%, respectively). The differences between the three
types were significant (Type I vs. II, p < 0.001; Type I vs.
III, p < 0.001; Type II vs. III, p = 0.017).

Table 3 summarizes the results of univariate analysis of
various risk factors for PFS. Large tumor size (p = 0.001),
synchronous liver metastasis (p < 0.001), high Ki-67 index
(p < 0.001), non-curative resection (p < 0.001), and Type
II/III (vs. Type I, p = 0.001) were significant risk factors in
univariate analyses, though the early strong enhancement,
cystic change, and calcification did not increase the risk of
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Table 2 The relationship between morphological classification and
each staging system

Type 1 Type 11 Type 111 p value
(n = 46) (n =22) (n=14)
ENETS classification <0.001*
Stage I 36 6 0
Stage II 4 10 2
Stage 111 4 3 0
Stage IV 2 3 12
AJCC classification 0.046%*
Stage 1 40 15 1
Stage II 4 4
Stage III 0 0 0
Stage IV 2 3 12
WHO 2004 classification <0.001%*
WDET 38 4
WDEC 8 17 7
PDEC 0 1
WHO 2010 classification <0.001*
Gl 43 3 0
G2 3 18
NEC 0 1

Note the advanced stage significantly increased in Type II and III
tumors

ENETS European Neuroendocrine Tumor Society, AJCC American
Joint Committee on Cancer, WHO World Health Organization, WDET
well-differentiated endocrine tumor, WDEC well-differentiated

endocrine carcinoma, PDEC poorly differentiated endocrine tumor,
NEC neuroendocrine carcinoma

* p < 0.05 indicates significance

Morphological Classification
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Fig. 3 Progression-free survival rates of patients with pancreatic
neuroendocrine tumors according to morphological classification.
Significant differences were found between all types by log-rank test
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tumor progression. Multivariate analysis revealed that
synchronous liver metastasis [hazard ratio (HR), 4.49; 95%
confidence interval (CI), 1.63-12.38; p = 0.004] and Type
II/III tumors (HR, 18.95; 95% CI, 2.40-149.7; p = 0.005)
were independent risk factors for poor PFS. Moreover,
these risk factors were also the independent factors in
patients with non-functional tumors (supplemental
Table 1).

As shown in the supplemental figure, the 14 Type III
patients had relatively poor overall survival in the 46
patients with no surgical treatment. These patients included
11 unresectable liver metastases, 1 locally advanced
unresectable case, 1 advanced tumor thrombus into major
portal veins, and 1 observed case. On the other hand, the 21
Type I patients had relatively better overall survival. All
Type I patients were observed because they might be
estimated as low malignant P-NETs. In 11 Type II patients,
5 were observed, 1 was unresectable for locally advanced
tumor, and 5 were unresectable for advanced liver
metastases.

Discussion

Despite substantial progress over the past few years, pre-
dicting prognosis in P-NETs has been a major problem,
owing to their low prevalence. We previously reported a
novel pathological classification system for P-NETs based
on morphology and identified an important link between
macroscopic morphology and malignant potential. The
current series involved 82 patients with P-NETs treated at a
single center.

To our knowledge, this is the first report to classify
macroscopic morphological type as judged by MDCT in
patients with P-NETs. As shown in Table 1, the non-simple
nodular type P-NETs had synchronous lymph node and
liver metastases, micro-invasion of adjacent organs,
microvascular invasion, and neural invasion, which we did
not observe in the simple nodular type. Moreover, all
simple nodular type tumors except for two advanced cases
were classified as early stage (stage I or II) by both the
AJCC and ENETS TNM classification systems (Table 2).
The two advanced cases had simultaneous liver metastases,
microvascular invasion, neural invasion, positive chromo-
granin A, positive synaptophysin, positive CD56 and
1/10HPF mitotic indices. One had lymph node metastases
and the other did not. Tumor size of the two cases were 11
and 13 mm. Ki67 indices were 0.4 and 1%.

This study identified a novel imaging classification
system that can be used to predict the malignant potential
of P-NETs. The morphological classification shows a
relationship between the advanced features of P-NETs and
higher stage tumors, including tumor size, Ki-67 index, and
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Table 3 Univariate and Univariate analysis Multivariate analysis
multivariate analyses of factors
associated with tumor Hazard (95% CI) p value Hazard (95% CI) p value
progression after surgery in all
Pan NENs patients (n = 82) Age (years) >55 1.2 (0.8-1.9) 0.376
Male gender 1.0 (0.6-1.5) 0.840
MENI1 (+) 1.1 (0.4-3.2) 0.816
Location (body/tail vs. head) 0.9 (0.4-2.4) 0.889
Tumor size (mm) >20 5.6 (2.1-14.7) 0.001* 0.566
Tumor functionality (4) 0.6 (0.3-1.3) 0.197
Synchronous LNs metastasis (+) 4.1 (1.6-10.4) 0.003* 0.863
Synchronous Liver metastasis (+) 114 (4.2-31.2) <0.001* 4.5 (1.6-12.4) 0.004*
Ki67 index (%) >2.0 9.9 (2.9-34.1) <0.001°* 0.299
Mitoses (/10 HPF) =2 5.8 (2.3-14.4) <0.001°* 0.354
Tumor cystic change 1.7 (0.4-7.3) 0.5
Early strong enhancement 0.4 (0.2-1.0) 0.06
Tumor calcification 2.0 (0.3-14.7) 0.5
Curative Resection (+) 0.1 (0.04-0.3) <0.001* 0.862
Morphology 31.4 (4.2-236.0) 0.001%* 19.0 (2.4-149.7) 0.005*

(Type I/ vs. I)

95% CI 95% confidence interval

* p < 0.05 indicate significant difference by a Cox proportional-hazards model

synchronous liver metastasis (p < 0.001 for all). This new
classification system predicted malignant potential by
ENETS TNM classification (p < 0.001), AJCC TNM
classification (p = 0.046), WHO 2004 classification
(p <0.001), and WHO 2010 classification (p < 0.001).
Moreover, multivariate analysis revealed Type II/III
tumors (the non-simple nodular type) and synchronous
liver metastases to be independent risk factors for poor PFS
(Table 3). In logistic analysis, Type III tumor is a factor
deciding poorly differentiated carcinoma, though the fac-
tors found before surgery such as the invasion to adjacent
organ, tumor size >2 cm, tumor functionality, simultane-
ous liver metastases were not (data not shown). These
results strongly support the link between morphology and
the malignant potential of P-NETs. In this context, gene
expression in Type II/IIl P-NETs should be examined in
the near future, as this may suggest pathways that con-
tribute to poor prognosis. Moreover, in patients with no
surgical treatment, Type III had significantly poorer sur-
vival than Type I (supplemental figure).

On the other hand, Ki-67 index, mitotic index and tumor
size were not associated with PFS, as shown in Table 3.
They might be the confounding factors of synchronous
liver metastases and/or morphology. They have been
regarded as important factors in both WHO 2010 grade and
TNM staging, though it has been established that there are
several problems in the construction of TNM staging. For
example, Luo et al. indicated that patients with stage I
disease had a similar prognosis to patients with stage IIA

disease, and patients with stage IIIB disease had a lower
HR for death than did patients with stage IIIA disease by
ENETS staging [18]. In the present study, synchronous
liver metastases and/or morphology were the important
factors in considering the malignancy of the disease.
Aggregating further evidence, the morphological classifi-
cation may solve these problems in the near future.

Recent findings suggest that CT plays an important role
in the early detection and precise diagnosis of P-NETs [14].
Rodallec et al. reported that tumors with low enhancement
on CT were correlated with poor differentiation and worse
overall survival [15]. D’ Assignies et al. reported that tumor
blood flow as assessed by CT was strongly correlated with
intra-tumoral microvascular density and WHO classifica-
tion [16]. Yamada et al. also showed that receiver operating
characteristic analysis, using corrected CT attenuation
values in the pancreatic phase, showed area under the
curves higher than the tumor size, allowing for the pre-
diction of G2 P-NETs [17]. These attempts improve our
understanding of P-NETs physiology. In this context, the
classification system we present, constructed by the
pathological findings, has high versatility without any
additional diagnostic imaging or complicated analysis [8].
In this study, this simple and non-invasive morphological
classification system accurately predicted the prognosis
and malignant potential of patients.

In conclusion, we established a non-invasive morpho-
logical classification using MDCT findings in P-NETs.
This novel simple morphological classification system can
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be used to predict Type II and III tumors that may have
higher malignant potential than Type I tumors.
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