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Abstract

Background The prognostic importance of the neuroen-

docrine (NE) markers involving neural cell adhesion

molecule (NCAM) has been unclear enough to be adopted

for WHO classification in patients with pancreatic neu-

roendocrine neoplasms (Pan-NENs). This study aimed to

elucidate whether the three NE markers such as chromo-

granin A, synaptophysin, and NCAM decide prognoses for

patients with well-differentiated tumors.

Methods Between April 2002 and October 2018, 217

patients were included in this study. Tissue samples from

tumors of Pan-NENs were immunochemically stained for

the aforementioned NE markers. Diffuse and intense

staining was defined as positive, while faint or focal

staining and non-staining were considered negative.

Results The median age of patients was 55 years. The

median observation period was 1415 days. In multivariate

analysis of progression-free survival (PFS), liver metasta-

sis, Ki-67 index, and triple-positive staining of NE markers

were risk factors. The 5-year PFS rate of patients with and

without triple-positive NE markers was 56.3% and 23.8%,

respectively (P\ 0.0001). In multivariate analysis of

overall survival (OS), R0 resection, Ki-67 index and triple-

positive NE markers (hazard ratio 0.4, P = 0.02) were the

risk factors. The 5-year OS rate of patients with and

without triple-positive NE markers was 88.8% and 66.4%,

respectively (P = 0.014). The tumors of patients without

triple-positive NE markers were associated with large

tumor size, a high mitotic rate and high Ki-67 index.

Conclusions Triple-positive NE marker staining was a

simple and practical indicator of prognoses in patients with

well-differentiated Pan-NETs.
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Introduction

Pancreatic neuroendocrine neoplasm (Pan-NEN) is a rare

disease [1, 2], although autopsy reports estimate its

prevalence to be much higher [3]. Recent advances in

medical technology have resulted in an increased incidence

of Pan-NENs [4]. Pan-NENs represent approximately 3%

of pancreatic malignancies [5]. Distant metastases at

diagnosis were identified in about 42% of Pan-NENs, with

a 5-year overall survival (OS) of about 40% [6]. In a

nationwide study, 33% of patients with nonfunctioning

Pan-NENs \ 5 mm presented with regional lymph node

metastases and 11% with distant metastasis [7]. Surgical

resection has been regarded as the primary treatment in

European Neuroendocrine Tumor Society (ENETS) and

National Comprehensive Cancer Network (NCCN) guide-

lines [8, 9]. North American Neuroendocrine Tumor

Society (NANETS) guideline suggested that primary tumor

resection and aggressive surgical approach had improved

the long-term survival in patients with advanced Pan-NENs

[10, 11]. The 5-year survival rate was 65–86% after sur-

gical resection of nonfunctioning Pan-NENs [12–14]. The

American Joint Committee on Cancer (AJCC) staging

classification is a good indicator of relapse-free survival in

patients with surgically resected non-metastatic Pan-NENs,

but it is not good indicator of OS [15].

Various factors have been used to estimate the malig-

nant potential in the World Health Organization (WHO)

classifications. The key factors of the 2004 WHO classifi-

cation were distant metastases, gross local invasion, and

high mitotic rate. The Ki-67 index was not adopted to

judge the well-differentiated and poorly differentiated

neuroendocrine carcinoma (NEC), and it was suggested

only to evaluate uncertain behavior of well-differentiated

tumors. The 2010 WHO classification divided Pan-NENs

into neuroendocrine tumor-grade 1 (NET-G1), NET-G2,

and NEC based on both mitotic rate and the Ki-67 index. In

the WHO 2017 classification, tumor differentiation, Ki-67

index, and mitotic rate were key factors to decide the

malignant characteristics of tumors [16]. Well-differenti-

ated tumors were defined as Pan-NETs and categorized as

NET-G1, -G2, or -G3 based on the Ki-67 index or mitotic

rate, while all poorly differentiated tumors were defined as

NEC-G3. NEC-G3 defined by the WHO 2010 classification

was divided into NET-G3 (well differentiated) and NEC-

G3 (poorly differentiated). Historically, the aforementioned

proliferative capacity and morphological factors played a

pivotal role in estimating the malignant potential, although

discordance of these factors and the optimal cutoff points

to stratify outcome remain controversial [17, 18]. It is

difficult to objectively distinguish well from poor differ-

entiation. Many indices such as KRAS and Rb expression

have been advocated only to distinguish tumors with high

and low Ki-67 values because it is unknown whether such

indices properly classify tumor differentiation [19]. A high

Ki-67 value is often associated with poorly differentiated

tumors to predict poor patient prognosis. Therefore, the Ki-

67 index has been the primary indicator used to estimate

the malignant potential of Pan-NENs. However, to our

knowledge, no report has assessed whether neuroendocrine

markers (NE markers) rather than Ki-67 or mitosis could

decide the malignant potential of tumors or predict poor

prognosis of Pan-NEN patients. There are few studies that

illustrated the importance of mitosis predicting prognoses.

In this line, the present study excluded poor differentiation

to simplify discussion.

The NANETS guideline recommends the use of chro-

mogranin A, synaptophysin, and neural cell adhesion

molecule (NCAM) as NE markers of Pan-NEN phenotype

[10]. Chromogranin A, also known as parathyroid secretory

protein 1, is found in the neurosecretory vesicles of neu-

roendocrine cells such as the pancreatic islet beta cells and

enterochromaffin-like cells. Synaptophysin is extensively

detected in a variety of neuroendocrine cells and plays a

key role in synaptic transmission. A diffuse unequivocal

labeling for synaptophysin indicates neuroendocrine dif-

ferentiation. Positive staining for chromogranin A and/or

synaptophysin has been used for the diagnosis of Pan-

NETs and many NEN tumors, including well-differentiated

and poorly differentiated tumors, which also express

chromogranin A and/or synaptophysin [16, 20]. NCAM is

similarly a useful immunoperoxidase stain for neuroen-

docrine tumors [21, 22]. NCAM is also expressed in Pan-

NETs, and membranous cell labeling in conjunction with

synaptophysin positivity contributes to the diagnosis of

Pan-NECs [16]. NE marker staining is classified into dif-

fuse and intense staining, faint or focal staining, and no

staining subtype. The present study defined the diffuse and

intense staining as positive and the other staining as neg-

ative to retrospectively examine the prognoses of Pan-NET

patients. To this end, we found that one of the most

important predictors of prognoses was triple-positive

staining for these NE markers in well-differentiated

tumors.

Methods

Between April 2002 and October 2018, 243 patients were

pathologically diagnosed with pancreatic NEN and

received treatment at Tokyo Medical and Dental University

Hospital (Tokyo, Japan). In 230 patients, all three NE

markers (chromogranin A [DAK-A3, Agilent DAKO,

Santa Clara, CA], synaptophysin [RMAB018, Diagnostic

BioSystems, Pleasanton, CA], and NCAM [NCL-CD56-
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504, Novacastra, Leica Biosystems Newcastle Ltd, UK])

were stained. Thirteen patients had poor-differentiated

tumors who were excluded from this study. Diffuse and

intense staining in tumors was defined as positive staining,

while faint or focal staining and non-staining were defined

as negative staining (Fig. 1). We defined diffuse staining

when more than 70% of the tumor cells were stained. The

expression levels of each NE markers were evaluated based

on the degree of staining of the pancreatic islet of

Langerhans. A case where tumor cells were stained faintly

than islets of Langerhans was defined as ‘‘Faint’’. The

levels were determined independently by three pathologists

in a blinded manner. In case of disagreement, a consensus

was reached by joint review.

As shown in Fig. 2, triple-positive staining was

observed in 172 cases (triple-positive group). Non-triple-

positive staining was observed in 45 patients (non-triple-

positive group). Background characteristics included

patient age, gender, hereditary syndromes such as multiple

endocrine neoplasia type 1 or von Hippel–Lindau disease,

hormonal symptoms (insulinoma, gastrinoma, glucago-

noma, VIPoma, and nonfunctioning), location of the pri-

mary tumor, primary tumor size and number, metastasis of

the lymph nodes and liver, macroscopic invasion to adja-

cent organs, vascular invasion, and pathological factors

(Table 1). The pathological factors included the Ki-67

index, mitotic rate, and NE markers (chromogranin A,

synaptophysin, and NCAM). Tumor grades were defined

according to the 2017 WHO classification. The Ki-67

Fig. 1 Immunohistochemical staining of a chromogranin A, b synap-

tophysin, and c NCAM. The left column, showing diffuse and intense

staining, was defined as positive staining. The middle and right

columns were defined as negative staining. Note the focal and faint

staining of the middle column and the lack of staining in the right

column. All judgments were made based on the degree of dyeing on

the islet of Langerhans
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proliferative index was quantified by counting at least 500

cells in ‘‘hot spots’’.

Laboratory tests were performed in all patients at least

every 3–6 months. Computed tomography or magnetic

resonance imaging with a bolus injection of contrast

medium was also performed at the same intervals and at

least two radiologists diagnosed the progression and

relapse. The progression-free survival (PFS) rate was cal-

culated from the day of surgical operation to the first date

of recurrence, or the day of the initial non-surgical treat-

ments to the first day when progressive disease defined by

response evaluation criteria in solid tumor (RECIST) was

observed. We conducted a prognostic survey of all patients

in October 2018. Information on outcomes after treatment

after more than 5 years was collected by personal interview

for patients observed in other hospitals. Written informed

consent was obtained from each subject and all study

procedures were approved by an institutional review board

(Human Research Ethics Committee, Tokyo Medical and

Dental University ID: 1080).

Statistical analyses were performed using IBM SPSS

Statistics for Windows, version 23.0 (IBM Corp., Armonk,

NY). Data were presented as the median (range). P\ 0.05

was considered statistically significant. v2 or Fisher’s exact

tests were used to analyze categorical variables. Mann–

Whitney tests were used to analyze differences between

continuous values of two independent groups. Survival

curves were constructed using the Kaplan–Meier methods

and compared using log-rank test results. After univariate

analysis, the significant variables were subjected to multi-

variate analysis using a Cox proportional hazards model.

Results

Baseline characteristics

This study included 217 Pan-NET patients who received

treatment at a single high-volume center in Japan. The 152

patients received R0 resection. The median observation

period was 1415 days. The baseline characteristics are

listed in Table 1. The median age was 55 years. Eighteen

patients had genetic diseases such as multiple endocrine

neoplasms type 1 and von Hippel–Lindau disease. Non-

functional tumors, insulinoma, gastrinoma, glucagonoma,

and VIPoma were observed in 173, 23, 14, 4, and 3

Fig. 2 Study design. Three NE markers: chromogranin A, synaptophysin, and NCAM
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patients, respectively; 82 and 125 tumors occurred in the

pancreatic head and body/tail, and 10 occurred diffusely.

Appropriate operative procedures were selected for R0

resection. The median primary tumor size was 20 mm. The

26 patients had multiple tumors in the pancreas; 79 and 60

patients had synchronous lymph node and liver metastases,

respectively. The median Ki-67 and mitotic indices were

2.7% and 1/10 HPF, respectively. Positive staining for

chromogranin A, synaptophysin, and NCAM was observed

in 192 (88.5%), 207 (95.4%), and 190 (87.6%) patients,

respectively. Triple-positive staining of the three NE

markers was identified in 172 patients. Vascular invasion

and macroscopic local invasion were observed in 13 and 24

patients, respectively. Following the 2017 WHO classifi-

cation, 100, 92, and 25 patients had NET-G1, NET-G2, and

NET-G3, respectively.

Risk factors predicting the prognoses of patients

Table 2 shows which risk factors determined the PFS after

treatment. In univariate analysis, tumor size (P\ 0.0001),

macroscopic local invasion (P = 0.005), vascular invasion

(P = 0.048), lymph node metastasis (P\ 0.0001), liver

metastasis (P\ 0.0001), Ki-67 index (P\ 0.0001), mito-

tic rate (P\ 0.0001), R0 resection (P\ 0.0001), and tri-

ple-positive NE marker staining (P\ 0.0001) were

identified as risk factors. In multivariate analysis, triple-

positive staining (hazard ratio [HR] 0.4, P\ 0.0001),

simultaneous liver metastasis (HR 2.3, P = 0.03), and Ki-

67 index (HR 4.8, P\ 0.0001) were identified as risk

factors for PFS. R0 resection was not the risk factor for

PFS (P = 0.4), because 65 out of 217 patients involved the

patients with chemotherapy only. Their tumor progression

is not same as that after R0 resection.

Table 3 shows the risk factors associated with OS. The

univariate analysis identified tumor size (P = 0.002),

lymph node metastasis (P\ 0.0001), liver metastasis

(P\ 0.0001), Ki-67 index (P\ 0.0001), mitotic rate

(P\ 0.0001), R0 resection (P\ 0.0001), and triple-posi-

tive NE marker staining (P = 0.02) as significant risk

factors. In multivariate analysis, R0 resection (P = 0.049),

Ki-67 index (P = 0.01), and triple-positive NE marker

staining (P = 0.02) decided OS. These results suggest that

triple-positive NE marker staining was one of the most

important factors for both PFS and OS.

Figure 3 shows whether triple-positive NE marker

staining decides both PFS and OS. As shown in Fig. 3a, the

5-year PFS of patients with triple-positive staining and

non-triple-positive staining was 56.3% and 23.8%,

respectively (P\ 0.0001). Moreover, as shown in Fig. 3b,

the 5-year OS rates of patients with triple-positive staining

and non-triple-positive staining were 88.8%, and 66.4%,

respectively (P = 0.014).

Characteristics of patients with triple-positive NE

marker staining

These results led us to determine the characteristics of

patients with or without triple-positive NE marker staining

(Table 4). Non-triple-positive staining was associated with

large tumors (P = 0.04), high Ki-67 index (P\ 0.0001) and

high mitotic rate (P = 0.003). Age, gender, hereditary dis-

ease, multiple tumors, lymph node metastasis, liver metas-

tasis, macroscopic invasion, and vascular invasion were not

related to the number of NE markers with positive staining.

Table 1 Baseline characteristics

Characteristic (n = 217)

Age (years), median (range) 55 (18–83)

Gender, male [n (%)] 112 (51.6)

Hereditary syndrome [n (%)]

MEN type 1 15 (7)

VHL disease 3 (1.4)

Symptomatic tumor [n (%)]

Insulinoma 23 (10.6)

Gastrinoma 14 (6.5)

Glucagonoma 4 (1.8)

VIPoma 3 (1.4)

Nonfunctioning 173 (79.7)

Location of pancreas [n (%)]

Head 82 (37.8)

Body/tail 125 (57.6)

Diffuse 10 (4.6)

Tumor size, mm, median (range) 20 (3–150)

Multiple tumors [n (%)] 26 (12.0)

Lymph node metastasis [n (%)] 79 (36.4)

Liver metastasis [n (%)] 60 (27.6)

Macroscopic local invasion 24 (11.1)

Vascular invasion 13 (6.0)

Pathology

Ki-67 index, %, median (range) 2.7 (0.1–90)

Mitosis, per 10 HPF, median (range) 1 (0–80)

Chromogranin A positive [n (%)] 192 (88.5)

Synaptophysin positive [n (%)] 207 (95.4)

NCAM positive [n (%)] 190 (87.6)

Tumor grade (2017 WHO classification) [n (%)]

NET-G1 100 (46.1)

NET-G2 92 (42.4)

NET-G3 25 (11.5)

R0 resection 152 (70.0)

MEN multiple endocrine neoplasia, VHL von Hippel–Lindau, HPF

high-power field, WHO World Health Organization, NET neuroen-

docrine tumor
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Table 2 Univariate and

multivariate analyses of

progression-free survival

(n = 217)

Univariate analysis Multivariate analysis

HR (95% Cl) P value HR (95% Cl) P value

Age[ 55 years 0.7 (0.5–1.1) 0.15

Gender, male 1.1 (0.7–1.6) 0.8

MEN type 1 or VHL disease (?) 0.9 (0.4–1.9) 0.8

Location, pancreas head 0.7 (0.5–1.1) 0.08

Multiple primary tumors 0.5 (0.3–1.1) 0.09

Symptomatic (?) 0.8 (0.5–1.4) 0.5

Tumor size, C 20 mm 4.8 (2.9–8.0) \ 0.0001* 0.9 (0.5–1.8) 0.9

Macroscopic invasion 2.3 (1.3–4.0) 0.005* 1.6 (0.8–3.2) 0.2

Vascular invasion 2.2 (1.1–4.8) 0.048* 1.6 (0.6–4.0) 0.3

Lymph node metastasis 6.1 (3.9–9.5) \ 0.0001* 1.4 (0.8–2.6) 0.2

Liver metastasis 7.3 (4.7–11.4) \ 0.0001* 2.3 (1.1–4.9) 0.03*

Ki-67 index, C 2.7% 9.0 (5.1–15.9) \ 0.0001* 4.8 (2.3–10.0) \ 0.0001*

Mitosis (/10 HPF), C 2 3.3 (2.2–5.0) \ 0.0001* 1.2 (0.8–1.9) 0.4

NE markers (triple positive) 0.4 (0.3–0.7) \ 0.0001* 0.4 (0.3–0.7) \ 0.0001*

Chromogranin A 0.4 (0.2–0.6) \ 0.0001*

Synaptophysin 0.6 (0.3–1.3) 0.2

NCAM 0.3 (0.2–0.5) \ 0.0001*

R0 resection 0.2 (0.1–0.2) \ 0.0001* 0.7 (0.3–1.6) 0.4

CI confidence interval, HPF high-power field, HR hazard ratio, MEN multiple endocrine neoplasia, NCAM

neural cell adhesion molecule, NE neuroendocrine, VHL von Hippel–Lindau

* P\ 0.05

Table 3 Univariate and

multivariate analyses of overall

survival (n = 217)

Univariate analysis Multivariate analysis

HR (95% Cl) P value HR (95% Cl) P value

Age[ 55 years 0.95 (0.5–1.9) 0.9

Gender, male 1.0 (0.5–2.0) 0.9

MEN type 1 or VHL disease (?) 0.07 (0.0–8.5) 0.3

Location, pancreas head 0.5 (0.3–1.1) 0.08

Multiple primary tumors 0.2 (0.02–1.3) 0.09

Symptomatic (?) 0.9 (0.6–1.3) 0.6

Tumor size, C 20 mm 4.1 (1.7–10.2) 0.002* 0.8 (0.3–2.0) 0.6

Macroscopic invasion 1.4 (0.6–3.5) 0.5

Vascular invasion 1.1 (0.3–3.8) 0.9

Lymph node metastasis 7.0 (3.1–15.4) \ 0.0001* 1.4 (0.6–3.3) 0.5

Liver metastasis 10.5 (4.8–22.8) \ 0.0001* 2.1 (0.7–6.4) 0.2

Ki-67 index, C 2.7% 37.6 (5.1–276) \ 0.0001* 14.6 (1.9–114) 0.01*

Mitosis (/10 HPF), C 2 4.3 (2.1–8.7) \ 0.0001* 1.8 (0.9–3.9) 0.12

NE markers (triple positive) 0.4 (0.2–0.9) 0.02* 0.4 (0.2–0.9) 0.02*

Chromogranin A 0.3 (0.1–0.7) 0.003*

Synaptophysin 0.4 (0.1–1.0) 0.06

NCAM 0.3 (0.1–0.8) 0.01*

R0 resection 0.08 (0.0–0.17) \ 0.0001* 0.3 (0.1–1.0) 0.049*

CI confidence interval, HPF high-power field, HR hazard ratio, MEN multiple endocrine neoplasia, NCAM

neural cell adhesion molecule, NE neuroendocrine, VHL von Hippel–Lindau

* P\ 0.05

824 J Gastroenterol (2019) 54:819–828

123



Discussion

The three key factors in WHO classifications, such as Ki-

67 index, mitotic rate, and tumor differentiation, have

played pivotal roles in estimating malignant potential. The

present study, excluding poor-differentiated tumors, vali-

dated the importance of the Ki-67 index for predicting the

PFS and OS in Pan-NET patients, though mitosis could not

predict the prognoses. However, this study identified that

positive staining for three NE markers was the most

important factor to predict both PFS and OS. This triple-

positive staining more accurately predicted the OS than

mitoses, a key factor in the 2017 WHO classification.

Moreover, large tumor size, and high mitotic rate and high

Ki-67 index were associated in patients with non-triple-

positive marker staining. To our knowledge, this is the first

report to elucidate the link between prognosis and posi-

tivity for these all three NE markers.

R0 resection turned out to be an important risk factor for

OS (Table 3). We divided 217 patients with or without R0

resection into two groups according to triple-positive

staining status, because the number of patients with R0

resection was limited. Debulking or palliative operations

were more often selected rather than curative resections in

patients diagnosed with synchronous distant metastasis or

large tumors involving major arteries. As shown in

Table 1, the median age, gender, and rate of nonfunction-

ing tumors were consistent with those in a previous report

of a large study of Pan-NENs after resection [23]. Sixty

percent of tumors were detected in the body or tail of the

pancreas and the location and the selection of surgical

procedure were similar to those of a previous study of the

AJCC and ENETS-staging classifications [15]. The 5-year

DFS and OS in patients with R0 resection were 71.2% and

96.7%, respectively (data not shown). These survival rates

were consistent with those of a previous study [24].

In multivariate analysis of PFS, simultaneous liver

metastasis, Ki-67 index, and triple-positive NE marker

staining were identified as risk factors for disease pro-

gression (Table 2). In multivariate analysis of OS, Ki-67

index, R0 resection and triple-positive staining was iden-

tified as risk factors (Table 3). Some key factors of the

WHO classifications, ENETS staging, and AJCC staging,

such as mitosis, tumor size, lymph node metastases,

macroscopic invasion, and liver metastases, did not predict

the OS. In the previous study, Ki-67 index has been

reported as an important determinant of prognoses.

Tumors[ 4 cm and Ki-67 index[ 9% were identified as

the prognostic risks for DFS and OS in univariate analysis

and only tumor size was an independent risk factor for OS

in multivariate analysis [25]. Ki-67 index, larger tumor

size, and positive lymph nodes were risk factors for

Fig. 3 The prognoses of patients with triple-positive staining (TP) and non-triple-positive staining (NTP). a Progression-free survival. b Overall

survival

J Gastroenterol (2019) 54:819–828 825

123



recurrence in patients with well-differentiated tumors after

R0/R1 resection [26]. Higher tumor grade, lymph node

metastasis, and perineural invasion were identified in

patients with G1 and G2 nonfunctioning Pan-NETs without

distant metastases [27].

The present study demonstrated the prognostic value of

triple-positive staining for better PFS and OS. It was con-

sistent with the previous studies. The prognostic value of

the three NE markers was reported in lung large cell NEC

[28]. The expression of single markers did not predict

survival, while positive staining for both chromogranin A

and NCAM or one of each showed worse recurrence-free

survival. The results of the other studies without multi-

variate analysis remain controversial.

Table 4 shows that tumors in the non-triple-positive

group had more aggressive behavior such as large tumor

size, high mitotic index, and high Ki67 index. However,

they were not associated with lymph node metastases, liver

metastases, macroscopic invasion, and vascular invasion,

the key parameter of the WHO 2004 classification and

TNM classification such as AJCC and ENETS. In the

future, evaluation of individual hormones may reveal the

relevance of NE marker expression and hormone produc-

tion. The number of hormone production tended to reduce

the risk of metachronous liver metastasis in univariate

analysis in our previous study [29]. Due to the varieties and

heterogeneity of hormone production, a much larger study

is required for a precise analysis.

Several biomarkers have been proposed to predict the

malignant potential after primary tumor resection. In our

previous study, downregulated pancreatic beta cell genes

involving PAX6 in primary tumors predicted metachronous

Table 4 Characteristics of

patients with triple-positive

staining for NE markers

Triple positive (n = 172) Non-triple positive (n = 45) P value

Age (years)

Mean ± SE 54 ± 1.0 57 ± 2.3 0.2

Gender

Male (%) 86 (50.0) 26 (57.8) 0.4

MEN type 1 or VHL

? (%) 14 (8.1) 4 (8.9) 1

Symptomatic

? (%) 39 (22.7) 5 (11.1) 0.10

Tumor factors

Maximum tumor size (mm)

Mean ± SE 27.5 ± 1.9 37.1 ± 4.9 0.04*

Multiple tumors

? (%) 24 (14.0) 2 (4.4) 0.1

LN metastasis

? (%) 59 (34.3) 20 (44.4) 0.2

Liver metastasis

? (%) 45 (26.2) 15 (33.3) 0.4

Macroscopic invasion

? (%) 18 (10.5) 6 (13.3) 0.6

Vascular invasion

? (%) 9 (5.2) 4 (8.9) 0.5

Pathological findings

Ki-67 index (%)

Mean ± SE 6.7 ± 0.8 18.4 ± 3.7 \ 0.0001*

Mitosis (n/10 HPF)

Mean ± SE 2.4 ± 0.4 6.4 ± 2.2 0.003*

2017 WHO classification 0.002*

NET-G1 (%) 84 (49) 16 (36)

NET-G2 (%) 75 (44) 17 (38)

NET-G3 (%) 13 (7.6) 12 (26.7)

HPF high-power field, MEN multiple endocrine, LN lymph node, NEC neuroendocrine carcinoma, NET

neuroendocrine tumor, VHL von Hippel–Lindau, WHO World Health Organization
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liver metastasis and poor OS in Pan-NEN patients. Patients

with low PAX6 expression had a higher Ki-67 index and

mitotic rate [29]. B cell lymphoma 2 (BCL2) has been

evaluated as a biomarker in Pan-NENs. The overexpression

was correlated with a higher mitotic rate and Ki-67 index

and was suggested to distinguish Pan-NECs from Pan-

NETs [30].

The present study has several limitations because it is an

observational retrospective study. During the long period

of enrollment from 2002 to 2018, diagnostic imaging

technique, such as MRI, multi-detector CT (MDCT), and

octreoscan with MDCT, evolved significantly in the last

16 years. All the treatments were performed to predomi-

nately Asian patients. However, the large number of

patients of this cohort may help to minimize selection bias.

In conclusion, the present study identified that triple-

positive staining for the NE markers predicts the prognosis

of patients with well-differentiated Pan-NETs. Since these

three NE markers have been widely used in routine

pathological diagnosis, we hope that this practical and

simple prognostic predictor could be extensively applied in

all Pan-NEN patients with or without surgical resection.
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