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Abstract: In 2010, World Health Organization (WHO) reclassified

pancreatic neuroendocrine tumors (p-NETs) into 4 main groups: neuro-

endocrine tumor G1 (NET G1), neuroendocrine tumor G2 (NET G2),

neuroendocrine carcinoma G3 (NEC G3), mixed adeno and neuroendo-

crine carcinoma (MANEC). Clinical value of these newly updated

WHO grading criteria has not been rigorously validated. The authors

aimed to evaluate the clinical consistency of the new 2010 grading

classifications by WHO and the 2010 tumor-node metastasis staging

systems by American Joint Committee on Cancer (AJCC) on survivals

for patients with surgically resected p-NETs. Moreover, the authors

would validate the prognostic value of both criteria for p-NETs.

The authors retrospectively collected the clinicopathologic data of

120 eligible patients who were all surgically treated and histopatholo-

gically diagnosed as p-NETs from January 2004 to February 2014 in our

single institution.

The new WHO criteria were assigned to 4 stratified groups with a

respective distribution of 62, 35, 17, and 6 patients. Patients with NET

G1 or NET G2 obtained a statistically better survival compared with

those with NEC G3 or MANEC (P< 0.001). Survivals of NET G1 was

also better than those of NET G2 (P¼ 0.023), whereas difference of

survivals between NEC G3 and MANEC present no obvious signifi-

cance (P¼ 0.071). The AJCC 2010 staging systems were respectively

defined in 61, 36, 12, and 11 patients for each stage. Differences of

survivals of stage I with stage III and IV were significant (P< 0.001), as

well as those of stage II with III and IV (P< 0.001); whereas com-

parisons of stage I with stage II and stage III with IV were not
, MD, Yi Zhang, M n, MD,
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The newly updated WHO 2010 grading classifications and the AJCC

2010 staging systems could consistently reflect the clinical outcome of

patients with surgically resected p-NETs. Meanwhile, both criteria

could be independent predictors for survival analysis of p-NETs.

(Medicine 94(48):e2156)

Abbreviations: AJCC = American Joint Committee on Cancer, BP

= biopsy of pancreatic mass, CI = confidence interval, DP = distal

pancreatectomy, ENETS = European Neuroendocrine Tumor

Society, HPF = high power fields, LRP = local resection of

pancreatic tumor, MANEC = mixed adeno and neuroendocrine

carcinoma, MST = median survival time, NEC G3 =

neuroendocrine carcinoma G3, NET G1 = neuroendocrine tumor

G1, NET G2 = neuroendocrine tumor G2, OS = overall survival,

PD = pancreaticoduodenectomy, P-NETs = pancreatic

neuroendocrine tumors, RDR = relative death risk, SEM =

standard error of mean, TNM = tumor-node metastasis, WHO =

World Health Organization.

INTRODUCTION

P ancreatic neuroendocrine tumors (p-NETs), namely islet
cell tumors, are a heterogeneous group of malignancies with

a common practice to label them as functional if patients present
the symptoms related to hormone over production, such as
insulinoma, gastrinoma, glucagonoma, etc, and nonfunctional
if they do not.1 With an incidence of less than 5 per 1,000,000
each year, p-NETs are still uncommon, accounting for approxi-
mately 1% to 2% of all pancreatic tumors,2–4 though they
showed an increasing tendency in recent decades.5

Owing to the rarity and heterogeneity, the ability to stratify
patients with p-NETs into prognostic groups for survival
analysis has been limited by the absence of a commonly
accepted staging classification, even though they have evolved
over 100 years since firstly reported.6 In 2000, based on the
clinicopathologic features of neuroendocrine tumors, the World
Health Organization (WHO) established for the first time a
common scheme, which classified p-NETs into 3 categories.7

This classification was then updated and reclassified in 2010
into 4 main groups: neuroendocrine tumor G1 (NET G1),
neuroendocrine tumor G2 (NET G2), neuroendocrine carci-
noma G3 (NEC G3), and mixed adeno and neuroendocrine
carcinoma (MANEC) to gain a widespread acceptance in
clinical practice.8 In addition, also in 2010, the American Joint
Committee on Cancer (AJCC) proposed an available tumor-
) staging system for p-NETs (ie, the
C staging manual), which was initially

eatic exocrine adenocarcinoma.9 This
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new AJCC manual divided p-NETs into 4 stages, which distin-
guished between localized tumors (stage I), locally advanced but
resectable tumors (stage II), locally advanced and unresectable
tumors (stage III), and distantly metastasized tumors (stage IV).

The newly updated WHO 2010 grading classifications and
the AJCC 2010 TNM staging systems differ greatly from each
other, because the former one makes an important step toward
defining the diverse tumor biology of p-NETs, whereas the
latter reflects the time of diagnosis, rather than the tumor’s
inherent malignant potential. Therefore, presence of these 2
systems for p-NETs might raise clinical concerns of potential
confusions in patient management. Meanwhile, in view of the
more indolent and less malignant biologic behaviors, p-NETs
have been considered to own better long-term survivals than
pancreatic exocrine tumors, associated with a relatively higher
rate of resection.10,11 So, use of a common staging system for 2
different disease processes, although convenient, might be
oversimplified or inapplicable.

The clinical and prognostic value of the AJCC seventh
TNM staging manual for p-NETs, yet no consensus, has already
been validated in scanty mono-institutional series.12–15 On the
contrary, however, appraisal of the newly updated WHO 2010
grading classifications has not been rigorously accomplished so
far. To the best of our knowledge, the current analysis
represented the first attempt to validate the new WHO grading
systems. Therefore, based on the data of the eligible patients in
our single institution, we aimed to analyze the clinical charac-
teristics of p-NETs by applying the new WHO criteria in a high-
volume surgical unit; to evaluate the clinical consistency of the
new WHO 2010 grading classifications and the AJCC seventh
staging manual on survivals for patients with surgically resected
p-NETs; and to assess the prognostic value of both systems for
survival analyses of p-NETs.

MATERIALS AND METHODS

Patient Selection16

This research was approved by the local ethics committee,
and written consent was provided for patient information to be
used for research purposes. Data of 120 consecutive patients
from January 2004 to February 2014 in surgical departments of
West China Hospital of Sichuan University, including patients’
demographics (sex and age), clinical presentations at admission
(functional status), pathologic analyses, surgical procedures,
and in-hospital stays, etc, were retrospectively collected from
their electronic and/or article-based medical records. All
patients were surgically treated and histologically diagnosed
as p-NETs, whereas those with only clinical suspicion but not
postoperatively pathologic confirmations of p-NETs were not
enrolled in this study. All neoplasms originated from pancreas,
whereas patients with tumors arising from the Vater ampulla,
bile duct, duodenum, or retroperitoneal space were excluded.
All tumors were sporadic, and patients with hereditary syn-
drome, such as multiple endocrine neoplasia type I, von Hippel-
Lindau syndrome, and neurofibromatosis were not included as
well. We also excluded in our research few patients who
received postoperatively pharmaceutical treatments.

Tumor Characteristics17

Diagnosis of p-NETs was totally pathologically confirmed

Yang et al
based on histologic analysis and immunohistochemical staining
of surgical specimens or biopsy samples. Features of tumor
(size, location, lymph invasion, distant metastasis, surgical
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margin, component, mitotic count, Ki-67 positive rate, etc.)
were mainly referred to the intraoperative findings by surgeons
and ultimate pathologic analyses by pathologists of our hospital.
The newly updated WHO 2010 grading classifications were
quoted as follows: NET G1 (mitotic count: <2/10 high power
fields HPF, Ki-67<2%); NET G2 (mitotic count: 2–20/10 HPF,
Ki-67: 3%–20%); NEC G3 mitotic count: >20/10 HPF, Ki-67
>20%); MANEC (mixed adeno-neuroendocrine carcinoma:
30% of either component required). Both this new WHO criteria
and the AJCC seventh TNM staging manual were applied to
assess the clinical outcome of each patient with surgically
resected p-NETs.

Follow-Up and Survival
We conducted telephone, office visit, and outpatient clinic

to follow-up these eligible patients from August to October
2014, giving a potential follow-up time from 5.93 months to
125.67 months. Patients who were lost to follow-up were not
enrolled in this study. Overall survival (OS) was defined as the
number of months from the date of resection to the time of death
or last contact. Deaths classified as not being related to the
disease of p-NETs were also excluded when selecting patients.

Statistical Analyses
Data were presented as mean� standard error of mean or

median for quantitative variables, or as numbers and their
frequencies as proportions (%) for categorical variables unless
otherwise indicated, which were then compared by Student t
tests, analysis of variance or x2 tests according to variable
distribution wherever possible. We performed analyses of sur-
vival with Kaplan-Meier curves and comparisons among factors
using log-rank test. Univariate and multivariate analyses were
finally applied to assess the prognostic value of the new WHO
2010 grading classifications and the AJCC seventh staging
manual for p-NETs by Cox regression proportional hazards
model. Statistics was considered significant when P value of
two sides was below 0.05. Statistical analyses were performed
by IBM SPSS 17.0 statistical software.

RESULTS

Patient Characteristics
A total of 120 eligible and consecutive patients who were

surgically treated and histologically diagnosed as p-NETs from
January 2004 to February 2014 in our single institution were
enrolled in our study, whose clinical-pathologic data regarding
demographics, tumor characteristics, gradings, stages, etc, were
summarized in detail in Table 1. Follow-up was began in
August and finished in October, 2014, eventually developing
a median follow-up time of 47.51 months and a mean of
50.72� 31.89 months (range: 5.93–125.67 months), with 34
patients (28.3%) followed to death.

Descriptions by World Health Organization
Grading Systems

As was shown in Table 2, all selected patients were
assigned through the newly updated WHO 2010 grading classi-
fications, with a distribution of 62, 35, 17, and 6 patients for
NET G1, NET G2, NEC G3, and MANEC, respectively. The

Medicine � Volume 94, Number 48, December 2015
mean age at initial diagnosis of all patients was 46.4� 13.7
years, presenting no significant difference among all grading
groups (P¼ 0.978). Tumors of NET G1 and NET G2 seemed

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



among the entirety (P¼ 0.416, P¼ 0.185; respectively), except

TABLE 1. Clinical Features of Patients With Pancreatic Neuro-
endocrine Tumors in our Cohort Research

Classification Mean�SEM(Number/Percentage)

Sex
Male 50 (41.7%)
Female 70 (58.3%)

Age at Diagnosis, yr
Mean�SEM 46.4� 13.7
Median 47
Range From 14 to 77

Tumor Diameter, cm
Mean�SEM 2.9� 2. 6
Median 2
Range From 0.3 to 12.0

Functional Status
Functional 87 (72.5%)
Insulinoma 80 (66.7%)
Others 7 (5.8%)
Nonfunctional 33 (27.5%)

Tumor Location
Head and uncinate 53 (44.2%)
Body and tail 67 (55.8%)

TNM Staging by AJCC Seventh Manual
T1 51 (42.5%)
T2 23 (19.2 %)
T3 27 (22.5%)
T4 19 (15.8%)
Lymph node invasion 15 (12.5%)
Distant metastasis 11 (9.2%)

Clinical Staging by AJCC Criteria
I 61 (50.8%)
II 36 (30.0%)
III 12 (10.0%)
IV 11 (9.2%)

Grading Classifications by WHO 2010 Criteria
NET G1 62 (51.7%)
NET G2 35 (29.2%)
NEC G3 17 (14.1%)
MANEC 6 (5.0%)

AJCC¼American Joint Committee on Cancer, MANEC¼mixed
adeno and neuroendocrine carcinoma, NEC G3¼ neuroendocrine
carcinoma G3, NET G1¼ neuroendocrine tumor G1, NET
G2¼ neuroendocrine tumor G2, P-NETs¼ pancreatic neuroendocrine
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more frequently occurring in the body and tail of pancreas (36/
62, 23/35; respectively), whereas those of NEC G3 and
MANEC in pancreatic head and uncinate (11/17, 4/6; respect-
ively). Statistically significant difference could be seen in tumor
dimension (P< 0.001). Diameter of NET G1 was notably
smaller than that of NET G2, NEC G3, and MANEC
(P< 0.001, P< 0.001, P< 0.001; respectively), as well as
comparison of NET G2 with NEC G3 and MANEC
(P< 0.001, P¼ 0.016; respectively); whereas no statistical
difference was detected between NEC G3 and MANEC
(P¼ 0.425). Tumors with NET G1 and NET G2 were mostly

tumors, SEM¼ standard error of mean, TNM¼ tumor-node metastasis,
WHO¼World Health Organization.
in stage I or II (62/62, 32/35; respectively), yet those with NEC
G3 and MANEC were largely in stage III or IV (14/17, 6/6;
respectively). Finally, 11.3% patients with NET G1 were

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
followed to death, whereas 25.7%, 70.6%, and 100% patients
were dead in the left 3 respective groups.

All eligible patients underwent operational treatments,
whose surgical features could also been found in detail in
Table 2. Of all the 120 patients, 88.3% patients experienced
radical resection, in which the most common performed pro-
cedure were local resection of pancreatic tumor (LRP, 46.7%),
followed by distal pancreatectomy (DP, 30%),and pancreatico-
duodenectomy (11.7%). Palliative operations were conducted
on 14 patients, including biopsy of pancreatic mass (BP) for the
unresectable tumors and reconstruction surgery of digestive
tract for the obstruction symptoms of gastrointestinal tract and
bile duct. In terms of the new WHO grading classifications, all
patients but 1 with NET G1 and all but 2 with NET G2
underwent radical resections, in which LRP and DP were the
most common procedures (87.1%, 80%; respectively). For
tumors with NEC G3 and MANEC, palliative resections were
performed on 8 and 3 patients (47.1%, 50%; respectively). The
mean and median operation duration of total group was
204.1� 89.1 minutes and 180.0 minutes, respectively (range:
100–366 minutes), associated with an obvious difference
among grading groups (P< 0.001). Particularly, operating time
with NET G1 was statistically shorter than that with NEC G3
and MANEC (P< 0.001, P¼ 0.002; respectively), as well as
that with NET G2 compared with NEC G3 and MANEC
(P¼ 0.002, P¼ 0.005; respectively); whereas that between
NET G1 and NET G2, NEC G3, and MANEC did not present
any statistically significant difference (P¼ 0.575, P¼ 0.479;
respectively). The overall mean postoperative and total in-
hospital duration was respectively 12.6� 7.2 days and
24.6� 11.2 days, in which no notable difference was computed

Survivals of Pancreatic Neuroendocrine Tumors
the total in-hospital stay between NET G1 and NET G2
(P¼ 0.040).

Survivals by American Joint Committee on
Cancer and World Health Organization Criteria16

A TNM stage was expectedly assigned for each patient
according to the new AJCC 2010 staging manual, which was
also described in details in Table 1. There were respectively 51,
23, 27, and 19 patients from T1 to T4 by this criterion. Fifteen
patients were pathologically confirmed to have lymph node
invasion, whereas 11 patients present distant metastases. As far
as the clinical staging was concerned, stage I, II, III, and IV by
the AJCC seventh staging systems were defined in 61, 36, 12,
and 11 patients, respectively.

The 5-and 3-year OS rates for AJCC criteria stage I to IV
were 84.6%, 70.7%, NA (could not be calculated), NA and
96.3%, 85.6%, 27.0%, 34.6%, respectively (P< 0.001, Fig. 1).
Median survival time (MST) for each stage was NA, 85.3, 28.6,
and 36.3 months, respectively. Differences of survival of stage I
with stage III and IV were statistically significant (P< 0.001,
P< 0.001; respectively). Similar results occurred again when
comparing stage II with III and IV (P< 0.001, P< 0.001;
respectively); whereas comparisons of stage I with stage II
and stage III with IV did not present any notable difference
(P¼ 0.129, P¼ 0.286; respectively).

In terms of the new WHO criteria, which, as we described
before, were accordingly applied to all subjects with a distri-
bution of 62, 35, 17, and 6 patients for each group, OS rates at 5

and 3 years were 87.8%, 70.1%, NA, NA and 96.8%, 87.6%,
48.9%, 16.7%, respectively (P< 0.001, Fig. 2). The MST for
group NET G1, NET G2, NEC G3, and MANEC was NA, 85.3,
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TABLE 2. Distributions of Pancreatic Neuroendocrine Tumors With Different World Health Organization 2010 Grading
Classification

NET G1 NET G2 NEC G3 MANEC All Cases

Factors

(n¼ 62) (n¼ 35) (n¼ 17) (n¼ 6) (n¼ 120)

Baseline Demographics and Tumor Features

Age at diagnosis, yr 46.2� 12.0 45.9� 15.4 47.4� 15.5 47.7� 17.3 46.4� 13.7
Tumor Location

Head and uncinate 26 12 11 4 53
Body and tail 36 23 6 2 67

Tumor diameter, cm 1.7� 1.0 3.3� 2.2 6.3� 3.7 5.5� 2.4 2.9� 2.6
N1 2 6 4 3 15
M1 0 3 7 1 11
TNM Staging by AJCC

I 49 11 1 0 61
II 13 21 2 0 36
III 0 2 8 2 12
IV 0 1 6 4 11

Status (end of follow-up)
Live 55 26 5 0 86
Dead 7 9 12 6 34

Surgical Characteristics
Surgical Procedure

LRP 38 15 3 0 56
DP 16 13 5 2 36
PD 1 5 6 2 14
BP 1 0 3 2 6
Others 6 2 0 0 8

Resection
Radical 61 33 9 3 106
Palliative 1 2 8 3 14
Operation duration (minutes) 183.5� 42.2 193.3� 85.4 268.8� 100.1 296.8� 162.4 204.1� 89.1

Postoperative in-hospital duration (days) 13.1� 7.8 10.9� 5.9 13.4� 7.4 14.8� 7.3 12.6� 7.2
Total in-hospital duration (days) 26.7� 12.3 21.8� 7.7 23.8� 13.0 21.7� 5.9 24.6� 11.2

AJCC¼American Joint Committee on Cancer, BP¼ biopsy of pancreatic mass, DP¼ distal pancreatectomy, LRP¼ local resection of pancreatic
tumor, MANEC¼mixed adeno and neuroendocrine carcinoma, NEC G3¼ neuroendocrine carcinoma G3, NET G1¼ neuroendocrine tumor G1,

-NE
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26.8, and 15.3 months, respectively. Patients with NET G1 or
NET G2 obtained a statistically better survival compared with
those with NEC G3 or MANEC (P< 0.001). In addition,
survival of NET G1 was also statistically longer than that of
NET G2 (P¼ 0.023), whereas difference of survival between
NEC G3 and MANEC present no obvious significance
(P¼ 0.071).

Analyses for Prognostic Factors
In univariate analysis (Table 3), survivals of patients with

surgically resected p-NETs were statistically associated with
sex (male versus female), tumor dimension (over versus less
than 2 cm), functional status (functional versus nonfunctional),
radical resection (yes versus not), as well as the stages by AJCC
seventh staging manual (stage I and II versus stage III and IV)
and the gradings by WHO 2010 criterion (NET G1 and NET G2

NET G2¼ neuroendocrine tumor G2, PD¼ pancreaticoduodenectomy, P
WHO¼World Health Organization.
versus NEC G3 and MANEC) (P< 0.05), whereas age (elder
versus younger than 46 yrs), tumor location (head and uncinate
versus body and tail), surgical procedure (LRP versus DP and

4 | www.md-journal.com
pancreaticoduodenectomy) were not statistically significant
(P> 0.05). The Cox multivariate regression proportional
hazards model was subsequently performed to evaluate the
prognostic value of these significant factors in univariate
analysis (Table 4). We observed that only the AJCC seventh
staging manual, the WHO 2010 grading classifications and
radical resection were independent predictors for patients with
surgically resected p-NETs.

DISCUSSION
In the current study, based on the data of the eligible

patients in our single institution, we for the first time analyzed
the clinical characteristics of p-NETs using the newly undated
WHO 2010 grading classifications. We also demonstrated the
clinical consistency of this WHO criterion and the AJCC
seventh staging manual on survivals for patients with surgically

Ts¼ pancreatic neuroendocrine tumors, TNM¼ tumor node metastasis,
resected p-NETs, which both successfully classified patients
into 4 groups or stages with significant differences. Meanwhile,
we firstly tried and finally validated the prognostic value of the

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 1. Survivals of pancreatic neuroendocrine tumors in
different stage by the AJCC seventh staging manual. Differences
of survivals of stage I with stage III and IV were significant
(P<0.001, P<0.001; respectively), as well as those of stage II
with III and IV (P<0.001, P<0.001; respectively); whereas com-
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new WHO grading systems for p-NETs, accompanied with the
AJCC 2010 staging systems and radical resection.

As we mentioned before, because of the overall rare and
heterogeneous behaviors with indolent malignancy, p-NETs
have not been well studied as pancreatic adenocarcinoma.
The absence of a uniform staging classification for p-NETs

parisons of stage I with stage II and stage III with IV were not
significant (P¼0.129, P¼0.286; respectively).
has hindered the ability to accurately predict their survivals.18

Also, the history of classifying p-NETs into groups for survival
analysis has experienced a long and complicated evolution. In

FIGURE 2. Survivals of pancreatic neuroendocrine tumors with
different grade by the new World Health Organization 2010
grading classifications. Patients with NET G1 or NET G2 got a
better survival compared with those with NEC G3 or mixed adeno
and neuroendocrine carcinoma (P<0.001). Survivals of NET G1
was longer than those of NET G2 (P¼0.023), whereas difference
of survivals between NEC G3 and mixed adeno and neuroendo-
crine carcinoma present no obvious significance (P¼0.071). NET,
neuroendocrine tumor.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
1963, Williams and Sandler firstly classified carcinoid neo-
plasms based on the perceived embryological origin of these
tumors in gastrointestinal tract.19 It, however, was not until
1995 that Capella et al20 particularly classified p-NETs by
referring to angiolymphatic invasion, mitotic rate, tumor differ-
entiation, as well as tumor size, distant metastases, presence of
the hormonal syndrome. Then, on the basis of previous
researches, the WHO officially introduced a whole grading
system and classified p-NETs into 3 main types, which dis-
tinguished between well-differentiated endocrine tumor, well-
differentiated endocrine carcinoma, and poorly differentiated
endocrine carcinoma, also referring to the aforementioned
clinicopathologic features of neuroendocrine tumors.7 Though
the clinical and prognostic value had been largely validated by
several studies,21–25 this classification was not widely accepted
for its limited ability to predict the biologic aggressiveness of p-
NETs, which ultimately led to the development of its update (ie,
the WHO 2010 grading classifications).8 No practical evidence,
however, has accumulated to assess the clinical value of the
updated criteria, as well as its prognostic significance for p-
NETs.

Moreover, since 1977 as we know, the staging guidelines
for common solid organ tumors have been studied and devel-
oped by AJCC, which had not introduced a suitable and
available TNM staging system for p-NETs until the year of
2010 (ie, the AJCC seventh staging manual).9 Nevertheless,
this system was initially applied to the pancreatic exocrine
adenocarcinoma, which similarly classified p-NETs into 4
stages. Though not the best,26,27 this new AJCC staging manual
could be used for the survival analysis of p-NETs, whose
clinical value has just recently been validated in numbered
studies.12–15

In agreement with previous studies,12–14 the current study
indicated that patients could also be successfully classified into
4 stages by the AJCC seventh staging manual. Consistently,
patients in stage I showed a better survival than those in stage III
and IV (P< 0.001, P< 0.001; respectively), as well as the
comparisons of stage II with III and IV (P< 0.001,
P< 0.001; respectively), whereas differences of stage I with
stage II and stage III with IV were not statistically significant
(P¼ 0.129, P¼ 0.286; respectively). Interestingly, we observed
that in the current study, with a MST of 28.6 and 36.3 months
respectively, patients in stage IV seemed to obtain a longer
survival time than those in stage III, though this trend did not
achieve any statistical significance (P¼ 0.286). This might be
correlated with the special definitions by the AJCC seventh
staging systems on stage III (ie, locally advanced and unresect-
able tumors) and stage IV (ie, distantly metastasized tumors).
Because it has been widely accepted that surgery is the only
potentially curative treatment of p-NETs if radical resection (R0
resection), including the primary tumor and even metastasis was
achieved.5,28

On the contrary, as we described before, the new WHO
criteria were also expectably assigned to 4 groups with different
survival (P< 0.001). Similarly, patients with NET G1 or NET
G2 obtained a statistically longer survival time compared with
those with NEC G3 or MANEC (P< 0.001). Though survival
time of NET G1 was statistically longer than that of NET G2
(P¼ 0.023), difference of survival between NEC G3 and
MANEC present no obvious significance as well (P¼ 0.071).
This result made it clear that the survival analyses of our data of

Survivals of Pancreatic Neuroendocrine Tumors
our single institution have demonstrated the clinical consistency
of the new WHO 2010 grading classifications and the AJCC
seventh staging systems for the survival of p-NETs.

www.md-journal.com | 5



TABLE 3. Univariate Analysis for Surgically Resected Pancreatic Neuroendocrine Tumors in our Institution (N¼120)

All Deaths MST

95% CI P ValueVariables (n) (n) (months)

Sex
Male 50 20 68.1
Female 70 14 89.3 0.197–0.985 0.042

Age (yrs)
�46 59 14 83.4
>46 61 20 75.8 0.253–1.197 0.096

Dimension (cm)
�2 73 13 84.6
>2 47 21 40.4 0.125–0.927 0.027

Functional Status
Yes 87 16 78.3
No 33 18 40.4 0.157–1.008 0.035

Tumor Location
Head and uncinate 53 19 80.4
Body and tail 67 15 98.2 0.262–1.016 0.116

Surgical Procedure
LRP 57 6 84.6
DP and PD 48 20 77.9 0.413–1.258 0.106

Radical Resection
Yes 106 24 96.3
No 14 10 28.6 3.253–16.055 <0.001

Stages by AJCC
I and II 97 18 85.3
III and IV 23 16 36.6 0.031–0.156 0.003

Gradings by WHO
NET G1 and NET G2 97 16 100.2
NEC G3 and MANEC 23 18 32.1 0.024–0.124 <0.001

AJCC¼American Joint Committee on Cancer, CI¼ confidence interval, DP¼ distal pancreatectomy, LRP¼ local resection of pancreatic tumor,
MANEC¼mixed adeno and neuroendocrine carcinoma, MST¼median survival time, NEC G3¼ neuroendocrine carcinoma G3, NET
G1¼ neuroendocrine tumor G1, NET G2¼ neuroendocrine tumor G2, PD¼ pancreaticoduodenectomy, P-NETs¼ pancreatic neuroendocrine
tumors, WHO¼World Health Organization.

TABLE 4. Multivariate Analysis of Potential Predictors for Surgically Resected Pancreatic Neuroendocrine Tumors

Variables RDR 95% CI P Value

Sex
Male versus Female 0.663 0.284–1.544 0.340

Dimension (cm)
�2 versus >2 1.551 0.540–4.454 0.415

Functional Status
Functional Versus
Nonfunctional 0.522 0.129–2.122 0.364

Radical Resection
Yes versus No 0.221 0.096–0.612 0.018

Stages by AJCC
I and II Versus
III and IV 0.423 0.189–0.943 0.035

Gradings by WHO
NET G1 and NET G2 versus
NEC G3 and MANEC 0.129 0.037–0.459 0.002

AJCC¼American Joint Committee on Cancer, CI¼ confidence interval, MANEC¼mixed adeno and neuroendocrine carcinoma, NEC
G3¼ neuroendocrine carcinoma G3, NET G1¼ neuroendocrine tumor G1, NET G2¼ neuroendocrine tumor G2, P-NETs¼ pancreatic neuroendo-
crine tumors, RDR¼ relative death risk, WHO¼World Health Organization.
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Many factors associated with predicting the survivals of p-
NETs have been validated.5,29–32 In our research (Table 3),
patient age, tumor location, and surgical procedures were not
statistically correlated with the survival of p-NETs (P¼ 0.096,
P¼ 0.116, P¼ 0.106; respectively), whereas the rest of 6
variables were all statistically significant (P< 0.05). Further
analyses by Cox multivariate regression proportional hazards
model confirmed the AJCC seventh staging manual as an
independent predictor for the prognosis of p-NETs, as pre-
ciously validated by scanty reported studies.12,13,27 Our
analyses also indicated the WHO 2010 grading classifications
was another independent factor for predicting the survival of
patients with surgically resected p-NETs, which meant the first
successful attempt to validate the prognostic value of this new
WHO criterion.

The major limitation of our study is its nature for the
potential error and variation in collecting relevant data. What’s
more, we just studied the data of p-NETs in our single center by
using these 2 criteria of the newly updated WHO 2010 grading
classifications and the AJCC seventh staging manual in 2010.
Actually, another TNM staging systems specially for p-NETs
introduced in 2006 by the European Neuroendocrine Tumor
Society (ENETS) have been also widely used in clinic.33 More-
over, the ENETS 2006 TNM staging systems have been vali-
dated to be superior to the AJCC 2010 staging manual, though
both systems were independent predictors for the survival
analyses of p-NETs.27 Thirdly, our colleagues have simul-
taneously evaluated the clinical consistency of the new
WHO 2010 grading and the ENETS 2006 TNM staging systems
on the surgical outcome for patients with p-NETs, who also
validated the prognostic value of both criteria with different
emphasis.34 Therefore, some in-depth evaluations or compari-
sons of different classification by WHO, AJCC, and ENETS are
still needed to be further researched.

CONCLUSIONS
In a word, we analyzed the clinical features of p-NETs in the

current study by using the newly undated WHO 2010 grading
classifications and the AJCC seventh staging manual in 2010. We
meanwhile demonstrated that these 2 criteria could consistently
reflect the clinical outcome of patients with surgically resected p-
NETs. Subsequently, besides surgical margin, the new WHO
grading classifications and the AJCC seventh staging manual
were also validated to own each predicting value for the survival
of patients with surgically resected p-NETs.
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