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Abstract. The present study was performed to assess the prog-
nostic factors with respect to patient survival and clinicopatho-
logical characteristics for patients who underwent surgery for
pancreatic neuroendocrine tumors (PNETSs). A retrospective
review of patients pathologically diagnosed with PNETSs at the
First Affiliated Hospital, Zhejiang University School of Medi-
cine (Hangzhou, Zhejiang, China) between September 2002
and September 2013 was conducted. The clinicopathological
findings, overall survival (OS) rate and disease-free survival
(DFS) rate of the patients with PNETs were analyzed. Prog-
nostic factors were determined by univariate and multivariate
analyses. A total of 104 patients were selected. The median
age at presentation was 52 years (range, 19-76 years). The
most common surgical procedure was distal pancreatectomy
(51.0%), followed by pancreaticoduodenectomy (27.9%) and
local resection of the pancreas (16.3%). The majority of the
tumors were of low or moderate grade (93.3%, grade 1 or 2)
and were local or regional stage (92.3%). The 1-, 3- and 5-year
OS rates were 95, 85 and 73%, respectively. Meanwhile, the
1-, 3- and 5-year DFS rates were 86, 72 and 68%, respectively.
The OS and DFS rates were significantly different with regard
to the grade (grades 1, 2 and 3; P<0.001) and stage (local,
regional and distant disease; P<0.001). Furthermore, patients
with a low Ki-67 index experienced superior OS and DFS rates
compared with patients with a high Ki-67 index (P<0.001). The
presence of lymph node metastasis was predictive of inferior
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OS and DFS rates compared with the absence of lymph node
metastasis (P<0.001). OS rate for PNETs was significantly
affected by resection margin status (P<0.001). In multivariable
analysis, the significant factors associated with OS rate were
stage (P=0.02), grade (P<0.001), lymph node status (P=0.025),
Ki-67 index (P=0.031) and resection margin status (P<0.001).
Meanwhile, stage (P=0.001), grade (P=0.017), lymph node
status (P=0.02) and Ki-67 index (P=0.016) were prognostic
factors for DFS rate. In conclusion, grade, stage, Ki-67 index
and lymph node involvement are significant prognostic
factors for OS and DFS rates in surgically resectable PNETs.
Furthermore, surgical margin status may also be an indepen-
dent predictor for the prognosis of PNETs. It is anticipated
that these findings may provide useful predictors of clinical
survival, particularly in the setting of resected disease.

Introduction

Pancreatic neuroendocrine tumors (PNETS) are a heteroge-
neous group of neoplasms with varying clinical findings, and
are considered as more indolent tumors with higher long-term
survival rates than tumors of the exocrine pancreas (1-3).
PNETSs account for 1-2% of all pancreatic neoplasms and 7.0%
of all neuroendocrine tumors (4). PNETs in the United States
currently have an estimated annual incidence ranging between
2 and 5 cases per million individuals, but this appears to be
increasing (5). PNETs can be classified as either functional
or non-functional. The majority of PNETs (60-90%) are
non-functional (6).

It has been suggested that a complete surgical resection
of a PNET is the only potentially curative treatment; this
is similar to the suggestion for pancreatic adenocarcinoma.
However, unlike pancreatic adenocarcinoma, surgical resec-
tion of the tumor and metastases can be performed where
the entire tumor and metastatic disease can be removed,
or surgery can be performed for palliation in patients with
PNETs (6). The choice of surgical procedure, including
enucleation, middle pancreatectomy, distal pancreatectomy
and splenectomy, spleen-preserving distal pancreatectomy,
pancreaticoduodenectomy or total pancreatectomy, depends
on the tumor size and location (7). Subsequent to an RO resec-
tion, the 5-year survival rate has been recorded at 86.4%,
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but this rate decreases significantly following an incomplete
resection (8).

Although a considerable amount of research has been
undertaken, our understanding of the natural history and
predictors of survival for PNETs remains incomplete. Several
studies reported that the main factors predicting survival after
the resection of PNETSs were the tumor grade, the presenting
symptoms, the size of the lesion, lymph node involvement and
the presence of metastases (4,9-14). To evaluate the experience
of a single institution with regard to these uncommon tumors,
a retrospective review of 104 consecutive resections of PNETs
was conducted in the present study in order to analyze clinical
characteristics, to assess long-term survival following surgical
treatment, and to discuss the prognosis of affected patients.

Patients and methods

Patients. A total of 104 patients who underwent surgical resec-
tion for PNETs between September 2002 and September 2013
at the First Affiliated Hospital, Zhejiang University School of
Medicine (Hangzhou, Zhejiang, China) were retrospectively
reviewed.

Methods. The diagnosis of PNET was made based on standard
histological criteria (Fig. 1). Hematoxylin and eosin (HE)
staining and immunohistochemical staining for chromo-
granin A (dilution, 1:2,000; Dako, Carpinteria, CA, USA),
synaptophysin (dilution, 1:75; Dako) and Ki-67 (dilution, 1:50;
Thermo Scientific Lab Vision) were performed. Tissue samples
were fixed in 10% formaldehyde overnight, dehydrated and
embedded in paraffin. Sections (5 mm) were stained with HE
and also used for immunohistochemistry.

The following characteristics were collected for each
patient: Age, gender, presenting symptoms, location of
primary tumor, type of surgery, complications, pathological
features, including tumor size, mitotic count and Ki-67 index,
Tumor-Node-Metastasis (TNM) stage (15), adjuvant therapy,
the patient's disease status (13) at the last hospital visit and the
most recent follow-up information.

For the determination of disease stage, the PNETs were
classified into the localized, regional and distant groups. A
localized PNET was defined as an invasive tumor that was
completely confined to the organ of origin. A regional PNET
was defined as a tumor with extension further than the limits
of the organ of origin directly into the surrounding organs or
tissue, or the involved regional lymph nodes, or a tumor that
fulfilled each of the aforementioned criteria. Furthermore, a
distant PNET was defined as a tumor that had spread to regions
of the body that were remote from the primary tumor (16).

The present study was approved by the Institutional Review
Boards of the First Affiliated Hospital, Zhejiang University
School of Medicine, and informed consent was obtained from
the patient for the publication of this report and any accompa-
nying images.

Statistical analysis. Results are presented as median (range)
and all statistical analyses were performed using SPSS 16.0
(SPSS, Inc., Chicago, IL, USA) for Windows. Overall survival
(OS) was defined as the time between the initial diagnosis
and mortality from any cause or to the time of the last known
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Table I. Clinical and pathological characteristics for patients
(n=104).

Variable Value
Age, years
Median 52
Range 19-76
Gender, n (%)
Male 49 (47.1)
Female 55 (52.9)
Presentation, n (%)
Abdominal pain 31(29.8)
Incidental finding 30 (28.8)
Abdominal discomfort 9(8.7)
Jaundice 4(3.8)
Hypoglycemia 28 (26.9)
Diarrhea 2(1.9)
Tumor size, cm
Median 3
Range 0.8-19
Location, n (%)
Head/uncinate 49 (47.1)
Body 17 (16.3)
Tail 38 (36.5)
Surgical approaches, n (%)
RO resection
DP 53 (51.0)
PD 29 (27.9)
LP 17 (16.3)
R1 resection 5(4.8)
Stage, n (%)
Local 83 (79.8)
Regional 13 (12.5)
Distant 8(7.7)
Grade, n (%)
1 47 (45.2)
2 50 (48.1)
3 7(6.7)
Distant metastasis, n (%)
At initial diagnosis 8(7.7)
During follow-up 18 (17.3)
Lymph node metastasis, n (%)
Negative 84 (80.8)
Positive 20 (19.2)

DP, distal pancreatectomy; PD, pancreaticoduodenectomy; LP, local
resection of pancreatic tumor.

contact. Disease-free survival (DFS) was defined as the time
between surgery and PNET recurrence. Those individuals who
did not exhibit evidence of local recurrence or metastasis at the
last follow-up and those patients who succumbed from causes
that were unrelated to PNETs were censored in the analysis
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Figure 1. Pancreatic mass (x50 magnification). (A) Hematoxylin and eosin section, and immunohistochemistry showing marked positivity for (B) chromo-

granin A and (C) synaptophysin, and positivity for (D) Ki-67.

of DFS rate. OS and DFS rate analyses were performed by
Kaplan-Meier methodology with log-rank testing. Cox propor-
tional hazard models were used to estimate hazard ratios for
OS and DFS rates, and to determine independent risk factors.
All tests were two-sided, with P<0.05 considered to indicate a
statistically significant difference.

Results

Clinicopathological characteristics of PNETs. Among the
104 Chinese patients with PNETs, 49 (47.1%) were men and
55 (52.9%) were women. The median age at presentation was
52 years (range, 19-76 years). Of the 104 PNETs, 30 (28.8%)
were found incidentally during a health examination. The most
common presentation of the symptomatic PNETs was abdom-
inal pain in 31 (29.8%) patients, followed by hypoglycemia
in 28 (26.9%), abdominal discomfort in 9 (8.7%), jaundice in
4 (3.8%) and diarrhea in 2 (1.9%). The median size of the PNETSs
was 3 cm (range, 0.8-19.0 cm). The PNETs were located in the
head of the pancreas (n=49; 47.1%), followed by the tail (n=38;
36.5%) and body (n=17; 16.3%) (Table I). A total of 99 patients
underwent curative resections (RO resection, 95.2%), in which
the distal pancreatectomy was the most common procedure
(51.0%), followed by pancreaticoduodenectomy (27.9%) and
local resection of the pancreas (16.3%). Palliative surgery
(R1 resection, 4.8%) was performed for only 5 patients, where
symptomatic chemotherapy and somatostatin analog therapy
were simultaneously performed.

The majority of tumors were of low or moderate grade
(93.3%, grade 1 or 2) and local or regional stage (92.3%).
In total, 8 (7.7%) patients were classified as presenting with
distant metastasis at the initial diagnosis, while 17 (17.3%)
patients presented with distant metastasis during the follow-up.
The most frequent metastatic site was the liver. The patients
received treatments that included radiofrequency ablation
(n=8), transarterial chemoembolization (n=7), symptomatic

chemotherapy (n=4), with intravenous infusion of 100 mg/m?
etoposide and 75 mg/m? cisplatin daily for 1-3 days, repeated
every 21 days, reoperation (n=1) and somatostatin analog
therapy (n=2) with 20 mg intramuscular Sandostatin LAR
every 4 weeks for 3 months. The pathology showed lymph
node metastasis in 20 (19.2%) patients. Only 20 tumors (19.2%)
were functional, including 5 gastrinomas, 8 insulinomas,
4 glucagonomas and 3 cases of multiple endocrine neoplasia-1.

Natural course and prognostic factors of PNETs. The median
duration of post-operative follow-up was 31 months. The
1, 3 and 5-year OS rates were 95, 85 and 73%, respectively.
Meanwhile, the 1,3 and 5-year DFS rates were 86, 72 and 68%,
respectively. The 5-year OS rates for grades 1 to 3 were 89.1,
63.6 and 43.8% (P=0.002), while the 5-year OS rates for local,
regional and distant disease stages were 90.4, 39.5 and 18.8%
(P<0.001).

Fig. 2 illustrates that the OS and DFS rates were signifi-
cantly different with regard to grade (grades 1, 2 and 3).
Compared with grades 2 and 3, grade 1 PNET exhibited supe-
rior OS (P=0.002) and DFS (P<0.001) rates. Fig. 3 illustrates
that the OS and DFS rates were also significantly different
with regard to stage (local, regional and distant disease) (all
P<0.001). Compared with the regional or distant stage, PNET
at the local stage exhibited superior OS and DFS rates. Further-
more, patients with a low Ki-67 index exhibited superior OS
and DFS rates compared with patients with a high Ki-67 index
(P<0.001) (Fig. 4). The presence of lymph node metastasis was
predictive of inferior OS and DFS rates compared with the
absence of lymph node metastasis (Fig. 5). In addition, the
OS rate for patients with PNETs was significantly decreased
following R1 resection (P<0.001) (Fig. 6). In addition, when
the PNET patients were divided into 2 groups by age using
a cutoff value of 50 years, a significant difference in OS rate
(P=0.033) was observed, whereas no statistical difference was
observed in DFS rate (P=0.388). When the PNET patients were
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Figure 2. (A) Overall survival according to tumor grade and (B) disease-free survival according to tumor grade.
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Figure 3. (A) Overall survival according to tumor stage and (B) disease-free survival according to tumor stage.
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divided into the 2 groups of incidental diagnosis and symp-
tomatic diagnosis, there was no statistical difference in OS or
DFS rate. Compared with symptomatic PNETSs, the incidental
detection of PNETSs was associated with longer OS (116 vs. 101
months; P=0.114) and DFS (103 vs. 86 months; P=0.146) times.
DEFS rate (P=0.010) was significantly different with regard to
gender, whereas there was no significantly difference in OS
rate (P=0.055). When the PNETSs were divided into 3 groups
according to primary tumor size, a significant difference in OS
rate (P=0.044) was observed, whereas no statistical difference
in DFS rate was observed, although it appeared that patients
with smaller PNETs experienced longer DFS times than those
with larger PNETs (P=0.054) (Table II).

Multivariate OS rate variables of significance remaining in
the final model included stage (P=0.02), grade (P=0.025), lymph
node status (P<0.001), Ki-67 index (P=0.031) and surgical

margin status (P<0.001) (Table III). Tumor size (P=0.044) and
age (P=0.033) were those variables with a significant asso-
ciation with OS rate on univariate analysis, but no significant
multivariate impact (P=0.254 for tumor size; P=0.229 for
age). Meanwhile, upon multivariate analysis, stage (P=0.001),
grade (P=0.017), lymph nodes status (P=0.02) and Ki-67 index
(P=0.016) were prognostic factors for DES rate (Table IV).

Discussion

PNETs, a group of endocrine tumors arising in the pancreas,
are rare and account for only 1-3% of all primary pancreatic
malignancies (4). Several previous studies suggested that
factors predicting survival following the resection of PNETSs
included age, gender, functional status of the tumor, pancreatic
resection, lymph node involvement, distant metastases, grade
of the tumor, and TNM stage, while others suggested that the
presence or absence of cancer at the surgical margin, tumor
location, tumor size and incidental or symptomatic tumors
were the prognostic factors (6-14).

TNM stage and grade represent a simple and accurate
instrument for mortality risk and disease-free assessment, as
they accurately reflect the biology and natural history of the
cancer. A study by Strosberg et al showed that the 5-year
recurrence-free survival (RFS) rates for AJCC stages I,
IT and III were 78, 53 and 33%, respectively (P=0.01 for
stage I vs. stages II/III), which suggested that the American
Joint Cancer Committee (AJCC) classifications for PNETSs
were prognostic for RFS (17). In addition, the use of the
International Union for Cancer Control/AJCC/World Health
Organization 2010 TNM staging results as an independent
predictor of survival upon multivariable analysis suggests
that measuring the extent of the cancer is relevant itself,
as confirmed by a single series investigation in 2011 (18).
Yang et al also indicated that the European Neuroendocrine
Tumor Society TNM staging system may be superior in
clinical practice when compared with the AJCC Staging
Manual (seventh edition) for use in PNETs. Tumor grade,
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Table II. Univariate analyses of OS and DFS.
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(ONN 5-year survival DFS, 5-year
Characteristics months rate, % P-value months DES rate, % P-value
Age, years
<50 1210 81.0 0.033 96.0 75.1 0.388
=50 90.0 67.7 89.0 70.9
Gender
Male 88.0 64.3 0.055 78.0 60.5 0.010
Female 119.0 81.5 103.0 83.4
Incidental diagnosis
Yes 116.0 91.8 0.114 1030 874 0.146
No (symptomatic) 101.0 68.2 86.0 67.2
Tumor grade
Grade 1 1270 89.1 0.002 116.0 929 <0.001
Grade 2 85.0 63.6 72.0 60.5
Grade 3 58.0 438 36.0 31.3
Stage
Local 1240 90.4 <0.001 111.0 89.5 <0.001
Regional 62.0 395 420 26.0
Distant 30.0 18.8 NA NA
Lymph node metastasis
Yes 50.0 26.5 <0.001 370 31.7 <0.001
No 1210 88.7 104.0 82.7
Size
<2cm 121.0 87.0 0.044 111.0 87.0 0.054
>2 cmto 4 cm 90.0 73.2 84.0 69.6
>4 cm 87.0 74.0 80.0 59.7
Ki-67 index (%)
0-2 131.0 92.3 <0.001 114.0 90.1 <0.001
>2 10 20 77.0 55.5 69.0 58.7
>20 58.0 438 36.0 313
Resection status
RO 109.0 74.7 <0.001 NA NA NA
R1 30.0 30.0 NA NA

OS, overall survival; DFS, disease-free survival; NA, not available.

radical resection and the new AJCC system have all been
confirmed as independent predictors for PNETs (13). In the
present study, tumor stage was correlated with grade. The
results showed that OS rate in the local disease stage was
significantly higher compared with regional and distant
disease stage (P<0.001), which was similar to the results
found by Kim et al (16). Meanwhile, the present study also
found that tumor grade was a critically important prognostic
factor for OS rate (P=0.002). The present study documented
that higher grade PNETs exhibited greater recurrence than
PNETs of a lower grade (P<0.001). The most important
factors to affect OS and DFS rates were stage and grade, as
observed previously in a number of studies (2,6,9,13). Greater
recurrence was predicted in association with regional disease
rather than local disease.

Certain studies, including the Surveillance, Epide-
miology, and End Results report (19), showed that upon
multivariate analysis, female gender was associated with
a better prognosis, whereas in other previous studies, this
was not observed (20). Moreover, women also experienced
significantly longer DFS times compared with men. A study
by Casadei et al appeared to suggest that factors (young age,
female gender and the absence of comorbidities) represented a
strong predictor of survival (21). In the present study, DFS rate
(P=0.010) was found to be significantly different with regard
to gender, whereas there was no significant difference in OS
rate, although it appeared that women had longer OS times
(119 vs. 88.0 months, P=0.055). This result was similar to that
of a study by Rindi et al, which found gender to be a prognostic
factor for DFS in patients with neuroendocrine tumors (22).
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Table III. Cox regression analysis for overall survival.

Variable HR 95% CI P-value

Age
<50
=50
Tumor grade
Gl
G2/G3
Stage
Local
Regional/distant

2.17 0.61-7.69 0.229

5.04 1.23-20.66 0.025

5731 131-25.04 0.020

Lymph node metastasis
No
Yes
Ki-67 index, %
<2
>2 4.13
Resection status
RO
R1 20.16

6.361  2.06-19.58 <0.001

1.14-15.02 0.031

3.37-120.72  <0.001

HR, hazard ratio; CI, confidence interval.

Table I'V. Cox regression analysis for disease-free survival.

Variable HR 95% CI P-value

Gender
Female
Male

Tumor grade
Gl
G2/G3
Stage
Local
Regional

2.11 0.83-5.40 0.119

4.25 1.30-13.92 0.017

5.71 2.14-15.21 0.001

Lymph node metastasis
No
Yes
Ki-67 index, %
<2
>2 322

3.85 1.23-11.98 0.020

1.92-8.27 0.016

HR, hazard ratio; CI, confidence interval.

Possible explanations for these differences in tumor biology
and survival may be gender imbalances for risk factors such
as smoking, alcohol consumption, a different constitution or
hormonal effects.

It is known that tumor size is an important prognostic
factor in PNETSs (23). In the present study, a smaller tumor
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size was associated with a longer OS time. Although tumor
size was not significantly associated with DFS, patients with
smaller PNETs experienced longer DFS times. In addition, age
was an important prognostic factor for OS rate in the present
study (P=0.033), as has been found in one previous study (19),
but in contrast to other study results (6,13).

Another factor potentially associated with adverse survival
is lymph invasion (6). In the current study, the presence of
lymph node metastasis was predictive of inferior OS and DFS
rates compared with the absence of lymph node metastasis.
This was supported by the studies of Scarpa et al (24) and
Ito et al (25), which also identified lymph node metastasis as
a relevant prognostic factor. By contrast, Bahra et al reported
that lymph node metastases was not significant in determining
the survival of non-functional PNETS, and a multivariate
analysis of nodal stage revealed no significant differences
with regard to the predicted cumulative survival probability
(P=0.81) (26).

As a marker of cellular proliferation, Ki-67 has prognostic
value in a number of malignancies, including PNETs (26,27).
Mitotic grade and Ki-67 grade have each been used to distin-
guish between patients with a good prognosis and those with a
poor prognosis. The univariate analysis in the study by Liu et al
showed that mitotic count, Ki-67 index and tumor necrosis were
all significant prognostic factors for regional well-differentiated
PNETs (28). Another study also demonstrated that the predictive
power of Ki-67 was enhanced when combined with metastasis
status and tumor size (29). Cherenfant et al reported that a
cut-off value of >3% for Ki-67 was the best mortality predictor
(83%), with an area under the curve of 0.85. This Ki-67 value
was also predictive of distant metastasis occurrence, with odds
ratio and 95% confidence interval values of 9.22 and 1.55-54.55,
respectively (P<0.015) (27). Scarpa et al observed no difference
in outcome between those individuals with a Ki-67 value of
<2% and those with a value of <5%. In this study, the statis-
tically significant cut-off value for Ki-67 was 5%. A Ki-67
index of 5-20% was associated with a 2-times higher risk of
mortality from disease compared with a Ki-67 of <5%. Patients
with a Ki-67 of >20% were 11 times more likely to succumb to
disease compared with patients with a Ki-67 of <5% (24). In
the present study, patients with a Ki-67 of >2% showed signifi-
cantly decreased OS and DFS rates upon multivariate analysis
(P<0.05), which was similar to the results by Bahra er al (26)
and La Rosa et al (30). As these large variations exist in the
Ki-67 index values in PNETSs, a requirement exists for a larger
study or a meta-analysis in order to identify the ideal cut-off
point.

The risk of progression and mortality for incidentally
diagnosed PNETs appears to be lower than patients who are
symptomatic from their tumors at diagnosis. In the present
study, there was no statistical difference between the inci-
dental diagnosis and the symptomatic diagnosis with regard to
OS (P=0.114) and DFS (P=0.146) rates. Cheema et al reported
an 86% 5-year progression-free survival rate for incidentally
diagnosed tumors compared with a 59% 5-year progres-
sion-free survival rate for symptomatic tumors (P=0.007).
Upon multivariate analysis, the strongest prognostic factor for
progression was the incidental detection of the tumors (31).

In conclusion, the results of the present study suggested
that stage, grade, Ki-67 index and lymph nodes involvement
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are significant prognostic factors for OS and DFS rates in
PNETs. Furthermore, surgical margin status may also be an
independent predictor for the prognosis of PNETs. These find-
ings may serve as future useful clinical survival predictors,
particularly with regard to resected disease.
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