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Objective: The purpose was to describe the clinicopathological charac-
teristics of pancreatic neuroendocrine tumors (pNETs) and evaluate prognosis-
related factors in potentially resectable pNETs.
Methods: The clinical data of 104 patients with pNETs who underwent
surgery were retrospectively analyzed.
Results: The mean (SD) age was 49.8 (14.6) years. The percentages of
TNM stages I, II, III, and IV tumorswere 25.0%, 44.2%, 22.1%, and 8.7%,
respectively. Twenty-seven cases were functional. Nonfunctional pNETs
were more common in patients with large tumors, advanced age, higher
mitotic count, neural invasion, extrapancreatic organ invasion, liver me-
tastases, and advanced staging (P G 0.05). The 5-year overall survival rate
was 93%. The relapse rate was 28.6% (28/98), and the mean (SD) relapse
time was 38.7 (31.7) months. Reduced survival rate was associated with
older patients (960 years) (P = 0.026), patients with a higher Ki-67 index
(92%) (P = 0.024), regional lymph node metastases (P = 0.033), liver
metastases (P = 0.015), neural invasion (P = 0.017), necrosis (P = 0.042),
and major vascular invasion (P = 0.023). Age of more than 60 years
(P = 0.047; hazard ratio [HR], 5.2), major vascular invasion (P = 0.030;
HR, 5.8), and a Ki-67 index greater than 2% (P = 0.008; HR, 10.3) were
independent predictors.
Conclusions: Nonfunctional pNETs were more common with aggres-
sive clinical presentation. Age of more than 60 years, major vascular inva-
sion, and a Ki-67 index greater than 2%were independent predictive factors.
Patients who underwent a potentially curative resection seemed to achieve
long-term survival.
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Neuroendocrine tumors (NETs), once known as carcinoid tu-
mors, consist of a heterogeneous group of neoplasms that

present a significant clinical challenge. These tumors secrete pep-
tides and neuroamines that cause specific clinical syndromes.
Gastroenteropancreatic NETs originate from the pancreas or
gastrointestinal tract, with the common location in the pancreas
(20.5%Y38%).1,2 Pancreatic NETs (pNETs), derived from pre-
cursors in the ductal epithelium, also initially thought to be de-
rived from the islets of Langerhans, are rare. They constitute

approximately 1% to 2% of all pancreatic neoplasms,3Y6 leading
to an overall incidence of fewer than 2 per 100,000 cases.3,4,6Y14

Pancreatic NETs tend to be slow growing, although aggressive
variants exist and often cause hormone hypersecretion and asso-
ciated symptoms.

The Surveillance, Epidemiology, and End Results program
and National Cancer Registry of Spain recently revealed that the
incidence and prevalence of NETs has increased substantially
during the last decade, which may partially reflect the increased
number of diagnoses of benign and incidentally identified lesions
because of clinical awareness and improved diagnostic techniques,
such as advanced endoscopic and radiological imaging.1,15,16 There
is literature available on the factors predictive of outcome for
pNETs. However, because of the rarity of pNETs, there are few
data available on epidemiology and survival of pNETs in China or
in Asia.10,14 As a major referral center for pancreatic tumors in
China, we have resected 104 cases of pNETs in the past 10 years.
In this study, we report our data on the clinicopathological fea-
tures, survival, and prognosis-related factors of pNETs in a single
Chinese center.

MATERIAL AND METHODS
A total of 104 Chinese patients with pNETs who underwent

surgery were included. The institutional review board approval
was obtained for this retrospective analysis. In this study, the diag-
nosis was based on pathological morphology and immunohisto-
chemical assessment through surgical specimen and intraoperative
biopsy by experienced pathologists.17 The following pathological
features were recorded as being present or absent in the tumors:
tumor necrosis, lymph node invasion, neural invasion, extra-
pancreatic organ invasion, and major vascular invasion. Subse-
quently, patients were also classified according to European
Neuroendocrine Tumor Society TNM classifications.18 In par-
ticular, the Ki-67 proliferative index was expressed as the per-
centage of Ki-67Ypositive cells in 2000 tumor cells within areas of
the highest immunostaining using the MIB1 antibody (Dako,
Denmark).17 Mitotic count was based on counting 50 high-power
fields and in the area of highest mitotic activity and reported as the
number of mitoses per 10 high-power fields. Immunohistochem-
istry was performed on formalin-fixed, paraffin-embedded tis-
sues. The tissue blocks were sectioned at 4 Km. Slides were then
stained using the Bond-Max Leica autostainer (Leica Biosystems,
United Kingdom). Antibody detection was performed using the
biotin-free Bond Polymer Refined Detection System (DS9800;
Leica Microsystems, United Kingdom) according to the manufac-
turer’s protocol. The antibodies used were as follows: CgA (Dako,
Denmark), Syn (Dako, Denmark), NSE (Dako, Denmark), and
SSTR2A (Abcam, United Kingdom). Tumors with more than 5%
positive cells were considered positive.

Tumors were classified as functional pNETs according to
clinical signs and symptoms of hormonal excess, along with the
presence of increased levels of corresponding peptides and hormones
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from the serum. Tumors were classified as nonfunctional if they
were not associated with distinct clinical manifestations or hor-
mone alterations.

Follow-up information was collected from clinical records
and the tumor registry at Zhong Shan Hospital, Fudan University.
The duration of overall survival (OS) was calculated from the
date of operation until tumor-specific death or the patient’s last
follow-up. The relapse time was computed from the date of re-
mission to recurrence.

The statistical analyses were performed using the SPSS
statistical package version 16.0. Pearson W2 test, Fisher exact test,
Mann-Whitney U test, Pearson correlation test, and Spearman
correlation test were used to evaluate the association between
variables when appropriate. Survival was estimated according to
the Kaplan-Meier product limit method and life tables method.
Survival curves were compared by using the log-rank test. The
analysis of risk factors was performed by univariate and multi-
variate analyses by the Cox proportional hazards method. Multi-
variate analyses using the Cox proportional hazards model were
carried out to identify the factors independently associated with
prognosis. Statistical significance was defined as P G 0.05.

RESULTS

General Data
Among 104 patients with pNETs from January 1999 to

December 2011, 52 patients (50.0%) were men and 52 (50.0%)
were women. The median age at diagnosis was 52 years (range,
9Y79 years), and the mean (SD) age was 49.8 (14.6) years.

Clinicopathological Characteristics
The median size of the tumor (in the case of multifocality,

the largest lesion was recorded) was 3.5 cm (mean [SD] size, 4.2
[3.1] cm; range, 0.8Y18 cm). In 8 cases (7.7%), the tumor was
multifocal. The majority of pNETs were located in the distal part
of the pancreas (57.7%), followed by the head (36.5%). At diag-
nosis, 72 patients (69.2%) had a localized disease, 28 patients
(26.9%) presented with regional spread including lymph node
metastases and/or extrapancreatic organ invasions, 9 patients (8.7%)
presented with synchronous liver metastases, and 13 patients
(12.5%) presented with metachronous liver metastases. Consid-
ering the 22 cases with liver metastases, a single lesion was present
in 1 case (4.5%), whereas multiple lesions were detected in the
remaining 21 cases (95.5%). No patient presented with distant
metastases at other sites without liver involvement. Regional
lymph node metastases were detected in 21 patients (42.9%). The
median number of lymph nodes detected in pathology reports was
3.0 (mean [SD] number, 5.4 [4.4]; range, 1.0Y16.0), the median
number of metastatic lymph nodes was 0 (mean [SD] number,
0.74 [1.15]; range, 0-6.0), and the positive rate was 22.0%. The
percentages of G1 and G2 tumors were 56.7% and 43.4%, re-
spectively. Regarding the ENETS TNM staging, the percentages
of stage I, stage II, stage III, and stage IV were 25.0%, 44.2%,
22.1%, and 8.7%, respectively. We found that the World Health
Organization (WHO) histological grading was strongly linked
with ENETS TNM staging (Spearman Q = 0.452, P G 0.001).

Twenty-seven patients (26.0%) had functional pNETs. The
most frequent entity of functional pNETs was insulinoma (18.3%),
followed by gastrinoma, glucagonoma, somatostatinoma, and
VIPoma, accounting for 2.9%, 2.9%, 1.0%, and 1.0% of the
whole group, respectively. The positive rates of SSTR2A for
functional and nonfunctional pNETs were 80.8% (21/26) and
78.1% (57/73) (P 9 0.05), respectively (Table 1). Concurrently,
4 patients with pNETs had multiple endocrine neoplasia type 1
and 2 patients had von Hippel-Lindau disease in association

with familial syndromes. The highest percentage was found in
gastrinoma (16.7%).

A comparison of clinicopathological characteristics between
patients with functional or nonfunctional pNETs is summarized
in Table 2. Among the nonfunctional group, there was a higher
proportion of elder patients, larger tumor, and higher mitotic
count (P G 0.05). Interestingly, functional pNETswere significantly
more likely to be located in the distal part of the pancreas than
nonfunctional pNETs (P G 0.05). On the other hand, aggressive
clinical behaviors, such as neural invasion, extrapancreatic organ
invasion at diagnosis, and liver metastases, were significantly
more frequent in patients with nonfunctional pNETs than in pa-
tients with functional pNETs (P G 0.05). A strong correlation was
observed between the ENETS TNM stage and clinical presenta-
tion, which means that functional pNETswere more likely to be at
an early stage, as we also found that functional pNETs accounted
for 53.8% (14/26) in stage I, 24.5% (12/49) in stage II, 0% (0/27)
in stage III, and 10% (1/10) in stage IV (Pearson W

2 test, P =
0.001; Spearman correlation test, P = 0.001). Finally, patients
with a higher Ki-67 index, regional lymph node metastases, major
vascular invasion, and necrosis were associated with an increased
frequency in nonfunctional pNETs, although no statistically sig-
nificant difference was found (P 9 0.05).

Therapeutic Interventions
Among 104 patients, 102 patients (98.1%) received a poten-

tially curative resection of the primary tumor. Two patients (1.9%)
received total pancreatectomy, 38 patients (36.5%) received distal
pancreatectomy with/without splenectomy, 28 patients (26.9%)
received pancreatoduodenectomy, 29 patients (27.9%) received
local or partial pancreatectomy, and 5 patients (4.9%) received other
radical surgery such as multivisceral resection. A biopsy, in com-
bination with bypass surgery, was performed on 2 patients (1.9%).

In 22 cases with liver metastases, the treatment was divided
into liver-directed strategies (n = 16) and nonliver-directed strat-
egies (n = 6). Liver-directed strategies included hepatic resection
(22.7%), transarterial chemoembolization (54.5%), and radio-
frequency ablation (13.6%). The following chemotherapeutic
agents were selectively used for patients who had an arterial in-
fusion chemotherapy: 5-fluorouracil, mitomycin C, doxorubicin,
oxaliplatin, and gemcitabine. Nonliver-directed strategy referred
to octreotide (Sandostatin LAR) injection (27.3%). The median in-
terval between the remission andmetastatic relapsewas 29.4months
(mean [SD] time, 34.8 [29.5] months; range, 6.0Y58.0 months).

Survival Analysis and Prognostic Factors
The duration of follow-up was calculated from the date of

surgery to the date of recurrence, death, or last follow-up. At the last

TABLE 1. The Positive Rate of SSTR2A in Functional and
Nonfunctional pNETs

n SSTR2A, n (%)

Functional tumors 27 21/26 (80.8)
Insulinoma 19 13/18 (72.2)
Gastrinoma 3 3/3 (100.0)
Glucagonoma 3 3/3 (100.0)
Somatostatinoma 1 1/1 (100.0)
VIPoma 1 1/1 (100.0)

Nonfunctional tumors 77 57/73 (78.1)
Total 104
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follow-up, 9 patients (8.7%) died of tumor recurrence or recurrence-
related complications. An up-to-date follow-up (known death or
contact within 6 months of data cutoff point) was available in
89.3% of patients. The mean follow-up time was 51.6 months.
The median survival time for all 104 patients was 144.0 months
(mean survival time, 133.2 months; 95% confidence interval [CI],
121.8Y144.6). The 1-, 2-, and 5-year accumulative OS rates were
98%, 96%, and 93%, respectively. Twenty-eight patients had a tu-
mor relapse after remission; the relapse rate was 28.6% (28/98).
Meanwhile, the mean (SD) relapse time was 38.7 (31.7) months
and the estimated median time of relapse was 37.5 months.

Numerous studies have validated the prognostic significance
of the WHO 2010 classification and ENETS TNM staging. For
all 104 patients, the difference in survival between the patients
with G1 and G2 was statistically significant (P G 0.001); the
5-year OS rates for G1 and G2 were 100% and 80%. The ENETS
TNM staging was found to be a predictor of survival (P = 0.040);
the 5-year OS rates for stage I, stage II, stage III, and stage IV
were 100%, 97%, 73%, and 60%.

In the univariate analysis, survival rates in patients with
regional lymph node metastases (P = 0.033), liver metastases
(P = 0.015), neural invasion (P = 0.017), major vascular invasion
(P = 0.023), and necrosis (P = 0.042) were significantly lower
than those in patients without. In our study, Ki-67 was an efficient
predictor when the standard value of 2% proposed by the G grading
system was used as cutoff. A high Ki-67 index (Ki-67 index
92%) has been proven to portend a worse prognosis than a low
Ki-67 index in survival duration (P = 0.024). The age at diagnosis
was also a prognostic factor for survival. We used 60 years as the

cutoff between old and young patients; elderly patients (960 years)
had a poorer prognosis than their younger counterparts (P = 0.026)
(Table 3). Moreover, we performed a multivariate survival analy-
sis using the Cox proportional hazardsmodel. It demonstrated that
age (960 years) (P = 0.047; HR, 5.2; 95% CI, 1.0Y26.7), major
vascular invasion (P = 0.030; HR, 5.8; 95% CI, 1.5Y28.3), and a
Ki-67 index greater than 2% (P = 0.008; HR, 10.3; 95% CI,
2.0Y60.5) were independent prognostic factors for survival. Fi-
nally, patients who underwent liver-directed strategies for the
treatment of liver metastases showed a tendency to prolong OS
compared with patients who had nonliver-directed strategies
(P = 0.090; median OS, 122.8 vs 61.6 months; 5-year OS, 93% vs
58%) and patients who underwent liver-directed strategies might
have an increased metastatic relapse time compared with their
other counterparts (P = 0.128; mean [SD], 45.3 [31.8] vs 23.1
[23.4] months).

DISCUSSION
During the past decades, the literature points to a trend to-

ward increasing incidental diagnoses of pNETs and shows func-
tional tumors presenting as a distinct minority among pNETs.19

The following changes were evident in our study: most pNETs
werenonfunctional (75.9%)and that diagnosiswas incidentallymade
in most of them. The high rate of multifocality (7.7%) indicated the
importance of a careful intraoperative search for multifocality by
wide exposure and by systematic use of intraoperative ultrasound.

In the present study, no significant differences in positive
rates of SSTR2A, functional or nonfunctional, were seen among
different subgroups (P 9 0.05); these results sustain the rationale

TABLE 2. Clinicopathological Characteristics of 104 Patients With Functional and Nonfunctional pNETs

Characteristics Functional Nonfunctional P Odds Ratio 95% CI

Age at onset, mean (SD) (median), y 44.2 (13.2) (47.0) 51.7 (14.6) (54.0) 0.020
Male, n (%) 18 (34.6) 34 (65.4) 0.072 0.79 0.63Y0.99
Female, n (%) 9 (17.3) 43 (82.7)
Tumor size, mean (median), cm 3.2 (2.0) 4.7 (4.0) 0.038
Location of primary tumor, n (%) 0.048
Head of the pancreas 5 (13.2) 33 (86.8)
Distal pancreas 21 (35.0) 39 (65.0)
Diffusion/retroperitoneum 1 (16.7) 5 (83.3)

Multifocal tumors, n (%) 4 (50.0) 4 (50.0) 0.200 0.658 0.33Y1.33
Detection of regional lymph node metastases, n (%) 2 (9.5) 23 (90.5) 0.683 1.10 0.88Y1.38
Extrapancreatic organ invasion at diagnosis, n (%) 0 (0) 15 (100.0) 0.010 1.44 1.26Y1.65
Liver metastases, n (%) 2 (9.1) 20 (90.9) 0.042 1.31 1.08Y1.59
Neural invasion, n (%) 2 (8.7) 21 (91.3) 0.032 1.32 1.09Y1.60
Major vascular invasion, n (%) 1 (7.7) 12 (92.3) 0.176 1.28 1.03Y1.58
Necrosis, n (%) 5 (16.7) 25 (83.3) 0.169 1.22 0.98Y1.50
WHO grade, n (%) 0.226
G1 18 (30.5) 41 (69.5)
G2 9 (20.0) 36 (80.0) 1.15 0.92Y1.44

ENETS TNM stage, n (%) 0.001
I 14 (53.8) 12 (46.2)
II 12 (26.1) 34 (73.9)
III 0 (0) 23 (100)
VI 1 (11.1) 8 (88.9)

Ki-67 index, mean (SD) (median) 1.7 (2.3) (1.0) 2.4 (3.7) (1.0) 0.409
Mitotic count, mean (SD) (median) 1.1 (0.5) (1.0) 2.6 (3.0) (1.0) 0.014

Univariate analysis and odds ratio calculations were carried out for the nonfunctional tumors cohort.
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that SSTR2A is considered of particular therapeutic relevance and
the use of somatostatin scintigraphy to follow disease20 because
of its abundance in pNETs regardless of functional status.
Notably, the tumor sizewas greater and patients were more elderly
at diagnosis in nonfunctional pNETs compared with those in the
functional pNETs group; nonfunctional pNETs were more prone
to have an extrapancreatic organ invasion and synchronous or
metachronous distant metastases and were more often in the
advancedWHO grading and ENETS TNM staging. Other studies
showed the same findings between functional pNETs and non-
functional pNETs.14,21 The reason why nonfunctional pNETs are
often diagnosed late in the course of the disease may be that non-
functional pNETs usually become clinically apparent when they
reach a size that causes compression or invasion of extrapancreatic
organs or when they metastasize,19 whereas functional tumors are
often discovered earlier because of a hormonal syndrome. Admit-
tedly, it is possible that the aggressive behaviors of nonfunctional
pNETs might be associated with their size and stage, compared
with the predominantly benign insulinomas in functional pNETs.
When we removed insulinomas from the functional cohort, we
found that there was no significant association between functional
status and clinical behaviors (P 9 0.05), which means that a small
number of relatively malignant gastrinomas and rare functioning
tumors might contribute to these results.

Previous WHO classification systems discriminated be-
tween low- and high-grademalignant NETs but did not differentiate
further prognosis of low to intermediate malignant pNETs. We
found that regional lymph node metastases, liver metastases,
Ki-67 index (92%), age (960 years), neural invasion, necrosis,
and major vascular invasion were predictors for bad outcomes in
this relatively large and homogeneous series of resectable pNETs.
These predictive factors should be considered for risk stratifica-
tion, on which the therapeutic strategy for postoperative pNETs
depends. Elderly patients, major vascular invasion, and a higher
Ki-67 index remained the independent predictors, which underscores
the need for improved systemic therapies in elderly patients and
those at advanced stage. Panzuto et al22 suggested that a possible
improvement in the prognostic capability of the G grading system
may be achieved by increasing the Ki-67 cutoff value between G1
and G2 from 2% to 5%, but our data verified that a cutoff of 2%
is effective in predicting the prognosis of resectable pNETs and
patients with a Ki-67 index greater than 5% seemed to have a
reduced survival comparedwith patients with a Ki-67 index 5% or
lower (P = 0.059; HR, 5.17; 95% CI, 1.1Y26.8). The clinical be-
haviors and prognosis of patients with pNETs showing discor-
dance between WHO grading and histology differentiation are
still unclear. The North American Neuroendocrine Tumor Society
recommended histology differentiation in pathology, which will

TABLE 3. Risk Factors for OS at the Univariate Analysis (n = 104 Patients)

Variable n 5-Year OS, % OS, Median (95% CI), mo HR (95% CI) P

Sex 0.582
Female 52 96 139.8 (not computable) 0.8 (0.3Y2.8)
Male 52 89 Not reached

Age 0.026
960 y 27 83 Not reached 3.8 (1.2Y13.7)
e60 y 77 97 Not reached

Location of primary tumor 0.497
Head of the pancreas 38 90 Not reached 1.9 (0.9Y5.8)
Distal pancreas 60 94 Not reached 1.5 (0.8Y4.2)
Diffusion/retroperitoneum 6 100 131.2 (114.6Y148.0) 0.8 (0.7Y1.9)

Functional pNETs 0.252
Yes 27 100 Not reached 0.3 (0.04Y2.1)
No 77 90 139.8 (115.9Y164.8)

Regional lymph node metastases 0.033
Yes 21 64 61.6 (52.7Y70.6) 4.9 (0.9Y21.8)
No 28 96 Not reached

Neural invasion 0.017
Yes 23 69 Not reached 4.1 (1.6Y13.2)
No 81 98 Not reached

Major vascular invasion 0.023
Yes 13 80 139.8 (59.8Y219.8) 3.6 (1.1Y11.8)
No 91 96 Not reached

Necrosis 0.042
Yes 30 82 139.8 (106.8Y172.8) 4.0 (0.9-16.8)
No 74 97 Not reached

Liver metastases 0.015
Yes 22 89 122.8 (33.5Y212.1) 5.4 (1.4Y20.1)
No 82 94 Not reached

Ki-67 index 0.024
Ki-67 index 9 2% 37 88 122.8 (98.2Y140.6) 4.2 (1.0Y16.9)
Ki-67 index e 2% 67 94 139.8 (not computable)
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be helpful for solving these problems in the future.20 Current
studies showed that patients with functional tumors have a more
favorable prognosis.1,15,23 Similarly, there was a tendency for non-
functional pNETs to have a negative effect on prognosis in our
study, although no statistical significancewas reached, which may
partly be explained by the favorable prognosis of the dominating
insulinomas.

It is appropriate on the basis of our data to assume that a
potentially radical resection correlates with a relatively long-term
cure, with evidence that a 5-year OS of 93% was observed.
However, the role of surgical debulking in asymptomatic patients
with metastatic liver predominant NETs and in patients where
an R0/R1 resection cannot be achieved remain therapeutic di-
lemmas.19,20 In metastatic nonfunctional pNETs, an advantage
in survival after primary tumor resection has not been clearly
shown.19,20 In our study, we recommended radical surgery with
lymph node dissection to achieve primary R0/R1 resection for
local pNETs. As for metastatic nonfunctional pNETs, a poten-
tially curative resection should be considered when a resection of
complete or more than 90% of metastatic lesions along with the
primary site could be achieved. Furthermore, a palliative surgery
could be performed in selected functional pNETs because it may
reduce tumor burden to alleviate hormonal syndrome and delay
the subsequent need for therapy. In addition, bypass surgery, in
combination with biopsy, should also be performed on specific
patients to minimize tumor-related complications and identify
histological features. Besides, prophylactic surgery for multiple
endocrine neoplasia type 1 and von Hippel-Lindau diseaseY
associated pNETs was useful to remove multifocal lesions before
malignancy develops and these patients all had good long-term
survival (5-year OS, 100%). A recent report found that the 5-year
OS rates did not vary significantly by ENETS stage in nonmeta-
static, surgically resected pNETs. They were estimated to be 100%
for patients with stage I, 90% for stage II, and 88% for stage III.24 In
general, resection is recommended for a local regional disease and
should still be considered for patients with an advanced disease.20

A surgical approach aiming to remove the lesions before
malignancy develops for small nonfunctional tumors and whether
surveillance is a reasonable alternative to surgery in patients with
2 cm or smaller, asymptomatic, pathologically benign pNETs,
especially if surgical risks are high, are still being debated upon.19,20

Currently, most patients presenting with an early-stage pNET are
referred for surgical resection, even if they are asymptomatic.25

Most neoplasms 2 cm or smaller are likely benign or intermediate-
risk lesions, and 6% of nonfunctional pNETs 2 cm or smaller are
malignant when incidentally discovered.26 Although patients who
underwent a radical operation seemed to achieve an acceptable
long-term prognostic benefit, the relapse rate was 28.6% (28/98)
and the mean (SD) relapse time was 38.7 (31.7) months in our
series, which means that a continued follow-up directed at the
detection of metachronous distant metastases and primary recur-
rence should be indicated after surgery. A recent article reported
that the recurrence rates of nonmetastatic, surgically resected
pNETs peaked at approximately 2 years after surgery.24 We
should be aware of the long-term risk for relapse on account of the
indolent nature of most pNETs. The postoperative surveillance
recommendations should be formatted as concretely described in
The North American Neuroendocrine Tumor Society guidelines.20

Today, the selection of therapies for advanced pNETs, es-
pecially nonfunctional pNETs, continues to be debated.19,20 The
management of pNETs with liver metastases is too difficult to
define exactly using a simple algorithmic approach. Although liver
metastases was a bad prognostic factor, our data reflect that a
long-term survival can still be achieved with active therapeutic
interventions, the 5-year OS being up to 89%. Some studies27Y29

have found that liver-directed therapies that include repeat surgery
or radioembolization for hepatic metastasis NETs prolong sur-
vival after progression after initial surgery. Our similar results
show that liver-directed strategies for pNETswith liver metastases
seem to be associated with a prolonged OS and metastatic relapse
time and patients with nonfunctional hepatic metastasis derive
the greatest survival benefit. We think that liver-directed stra-
tegies may significantly change stage-specific treatment recom-
mendations with appropriate combinations; however, the roles of
transarterial chemoembolization and radiofrequency ablation re-
main controversial.20

There was a notably high proportion of early stage in our
study. The inhomogeneous distribution was mainly due to referral
bias, which means that all patients were treated as resectable
pNETs by surgeons in a single center. In addition, the impact of a
surgical procedure on pNETs with G3 and advanced stage raises
the need for further research.
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