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ABSTRACT

Background: Primary hepatic neuroendocrine neoplasms (PHNENs) are extremely rare and few articles
have compared the prognosis of PHNENs with other neuroendocrine neoplasms (NENs). This study aimed
to investigate the different prognosis between PHNENs and pancreatic NEN (PanNENs) and evaluate the
relevant prognosis-related factors.
Methods: From January 2012 to October 2016, a total of 44 NENs patients were enrolled and divided into
two groups according to the primary tumor location which were named group PHNENSs (liver; n=12) and
group PanNENSs (pancreas; n=32). Demographic, clinical characteristics and survival data were compared
between the two groups with Kaplan-Meier method and log-rank tests. Prognostic factors were analyzed
using the Cox regression model.
Results: The overall survival of group PHNENs and group PanNENs were 25.4 +6.7 months and 39.8 +3.7
months, respectively (P=0.037). The cumulative survival of group PanNENs was significantly higher than
that of group PHNENs (P=0.029). Univariate analysis revealed that sex, albumin, total bilirubin, total
bile acid, aspartate aminotransferase, alkaline phosphatase, «-fetoprotein and carbohydrate antigen 19-9,
histological types, treatments and primary tumor site were the prognostic factors. Further multivariate
analysis indicated that albumin (P=0.008), histological types NEC (P=0.035) and treatments (P=0.005)
were the independent prognostic factors. Based on the histological types, the cumulative survival of pa-
tients with well-differentiated neuroendocrine tumor was significant higher than that of patients with
poorly differentiated neuroendocrine carcinoma in group PHNENs (P=0.022), but not in group PanNENs
(P> 0.05). According to the different treatments, patients who received surgery had significantly higher
cumulative survival than those with conservative treatment in both groups (P < 0.05).
Conclusions: PHNENs have lower survival compared to PanNENs. Histological types and treatments affect
the prognosis. Surgical resection still remains the first line of treatment for resectable lesions and can
significantly improve the survival.

© 2019 First Affiliated Hospital, Zhejiang University School of Medicine in China. Published by Elsevier

B.V. All rights reserved.

Introduction

docrine system [1,2]. It was originally defined as a carcinoid tu-
mor by Oberndorfer in 1907 [3], and the term “NENs” was of-

Neuroendocrine neoplasms (NENs) are a group of heteroge- ficially used by World Health Organization (WHO) in 2010 [4].
neous malignancies which originate from the diffused neuroen- The annual incidence of NENs in United States is estimated
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around 6.9/100 000 [5,6], which accounts for approximately 0.5%
of all new malignancies. One published study [6] on the basis of
data from the SEER (Surveillance, Epidemiology and End Results

filiated Hospital, Zhejiang University School of Medicine, Hangzhou 310003, China. Program, United States) had proven that the incidence and preva-
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lence of NENs have been increasing continuously over the past
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decades, possibly attributed to the advances of technologies which
improve the diagnosis at early-stage.

Approximately 54% to 90% of the NENs originated from gas-
trointestinal tract, pancreas and lung [7]. Liver is the most common
organ affected by metastatic NENs [8], while primary hepatic NENs
(PHNENS) are rare and represent only 0.3%-4.0% of all NENs [9,10].
Several literatures analyzed the clinical characteristics, survival and
relative risk factors of NENs [11-13], and most of these studies
focus on gastroenteropancreatic NENs and lung NENs, while the
knowledge in PHNENSs is less due to the rarity. So far, very few
publications are available on the differences between PHNENs and
other NENs. Therefore, we conducted a retrospective study to com-
pare the different prognosis and treatment between PHNENs and
pancreatic NENs (PanNENSs).

Methods
Patients

From January 2012 to October 2016, a total of 164 patients were
histologically diagnosed as NENs at the First Affiliated Hospital,
Zhejiang University School of Medicine, China. The primary tumor
site was determined by the morphological and functional imag-
ing including ultrasonography, upper gastrointestinal endoscopy,
low gastrointestinal endoscopy, computed tomography (CT), mag-
netic resonance imaging (MRI) and 8F-fluorodeoxyglucose positron
emission tomography/CT ('8F-FDG PET/CT). The most common pri-
mary site was pancreas (41, 25.0%), followed by gastrointestinal
tract organs (36, 22.0%) and lungs (22, 13.4%). Among these, PH-
NENs were only found in 12 patients (7.3%). In order to exclude the
possibility of metastasis, all 12 PHNENs patients underwent all the

NENs diagnosed by pathology from
January 2012 to October 2016 (n = 164)

above-mentioned examinations and were followed every 3 months.
No evidence of extra-hepatic lesion was found until the patient
died or the last follow-up. This study excluded those who received
further treatments in non-hepatobiliary pancreatic surgical depart-
ment, those with other neoplasms, and with incomplete follow-
up. Totally, 45 patients were included in the analysis. Furthermore,
after excluding a patient with perioperative mortality (<30 days,
n=1), the final 44 patients were reported in this study. Accord-
ing to the primary tumor site, these 44 NENs patients were fur-
ther subdivided into two groups: group PHNETs (n=12) and group
PanNENs (n=32) (Fig. 1).

Treatment protocols

The treatments were decided according to the location, size,
number of the lesions on CT and MRI [5,14,15]. In group PHNENS,
if the lesions were confined within one lobe and without distant
metastasis and residual liver volume exceeded 30%, liver resection
(local resection and hemihepatectomy) was performed [16,17]. For
patients with unresectable lesions, the conservative treatments in-
cluded systemic chemotherapy, radiofrequency ablation (RFA) and
transarterial chemoembolization (TACE). In group PanNENs, if the
lesions were confined to pancreas with no evidence of metastasis
and were resectable, a standard resection was performed based
on the position of the tumor: pancreaticoduodenectomy in the
presence of lesion in the head of the pancreas, distal pancreate-
ctomy with splenectomy in the case of body-tail lesion, and total
pancreatectomy in the case of diffuse lesion [14,16]. The conserva-
tive treatments included systemic chemotherapy, biotherapy with
somatostatin analogs [2] or targeted therapies [2,5] [mammalian
target of rapamycin (mTOR) inhibitors/vascular endothelial growth

Screenin Excluding _ | Non-hepatobiliary pancreatic surgical
5 patients (n = 100)
n=64
Screenin Excluding _ | Incomplete follow-up (n =11)
g "~ | Combined with other neoplasms (n = 8)
n=45
Excluding
Screening » | Perioperative mortality (n = 1)
| n=44 |

Liver l

Pancreas

| Group PHNENs (n=12) | | Group PanNENs (n =32) |

According to the primary tumor site

Fig. 1. Flow chart of patient selection procedures. NEN: neuroendocrine neoplasm; PHNEN: primary hepatic neuroendocrine neoplasms; PanNEN: pancreatic neuroendocrine

neoplasm.
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factor inhibitors]. For recurrence patients, a second operation or
conservative treatment was carried out according to the principles
mentioned above.

Clinical data and follow-up

All data were collected from the hospital records and the
follow-up was every 3 months. Data collection included patient
demographics, clinical manifestations, hemoglobin (Hb), liver func-
tions [albumin, total bilirubin (TBil), total bile acid (TBA), alanine
aminotransferase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP)], tumor markers [c-fetoprotein (AFP), carci-
noembryonic antigen (CEA), carbohydrate antigen 19-9 (CA19-9),
carbohydrate antigen 125 (CA125)], tumor histology, chromogranin
A, treatments and patient survival. All 44 patients were regularly
followed up until September 2018. Overall survival (0S) was
defined as the time from the date of diagnosis to death or last
follow-up.

Pathology grading standards

According to WHO classification in 2010, NENs has been clas-
sified into 3 grades based on mitotic rate and Ki-67 proliferation
index: G1, mitotic rate <2 per 10 high power field (HPF) and/or
Ki-67 index <3%; G2, mitotic rate 2-20 per 10 HPF and/or Ki-
67 index 3%-20%; G3, mitotic rate >20 per 10 HPF and/or Ki-67
index >20% [18,19]. NENs were defined as three main types: (a)
well-differentiated neuroendocrine tumor (NET). This type is sub-
divided into NET G1 and NET G2 which are low grade and inter-
mediate grade NEN respectively; (b) poorly differentiated neuroen-
docrine carcinoma (NEC), which is high grade NEN (G3); and (c)
mixed adenoendocrine carcinoma (MANEC) including two compo-
nents (adenocarcinoma and NENSs) [4].

Statistical analysis

Statistical analysis was performed using SPSS 22.0. Variables
were expressed as frequency, means and standard deviations, or
medians and interquartile ranges. The Mann-Whitney and Pearson
Chi-square tests (or Fisher exact test) were used to calculate the
statistical significance of the demographical and clinical variables.
The cumulative survival rate was analyzed by Kaplan-Meier sur-
vival curve and log-rank test. By using Cox regression model,
variables with P < 0.05 in univariate analysis were included in
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multivariate analysis to further analyze the independent prognostic
factors. A P value <0.05 was considered statistically significant.

Results
Baseline demographical and clinical characteristics

The median follow-up time for PHNENs patients was 18.4
months (1.8-65.4) and for PanNEN patients was 34.1 months (8.1-
77.7). During follow-up, 17 patients died (7 patients of NET and
10 patients of NEC) and the rest of patients were still alive for
more than 24 months. No patient had a history of hepatitis or liver
cirrhosis in group PHNENs, and only 2 patients had hepatitis B
surface antigen positive in group PanNENs. Twenty-three patients
(52.3%) had no obvious clinical symptoms. Among the remaining
21 patients, abdominal pain was the most common symptom (10,
47.6%). Other nonspecific symptoms were jaundice (4, 19.0%), fa-
tigue (3, 14.3%), abdominal distension (2, 9.5%), nausea or vomiting
(1, 4.8%), and weight loss (1, 4.8%). None of the patients manifested
as hormonal hypersecretion related symptoms, such as flushing, di-
arrhea, palpitation, hypoglycemia, etc.

The mean age of patients at the time of diagnosis was 55.9
years and 56.7 years in group PHNENs and group PanNENs, re-
spectively. Compared with group PanNENs, group PHNENs was
more frequently presented with larger tumor size (8.0 vs. 4.4cm;
P=0.001) and high level of TBil, TBA, ALP and CA125. Of the 12
PHNENSs patients, 7 were NEC and 5 were NET G2; of the 32 Pan-
NENs patients, 11 were NEC, 3 were NET G1 and 18 were NET G2.
NEC accounted for a larger proportion of NENs in group PHNENs
than that in group PanNENs, but the difference was not statisti-
cally significant (58.3% vs. 34.4%; P=0.155). Besides, no patient di-
agnosed with MANEC. The two groups were comparable in other
clinicopathological characteristics, including age, sex, other liver
functions and tumor markers, and positive rate of chromogranin
A. The remaining baseline characteristics of the two groups are
shown in Table 1.

Treatments

More surgeries were performed in patients with PanNENs
than patients with PHNENs (68.8% vs. 50.0%; P=0.255, Table 1),
while the remaining 16 patients were conservatively treated. In
group PHNENS, 4 patients underwent local resection, 2 underwent
hemihepatectomy; 1 received RFA, 2 received TACE and 3 received

Table 1
Baseline characteristics of group PHNENs and group PanNENs.
Characteristics PHNENs (n=12) PanNENs (n=32) P value
Age (yr) 55.9+13.0 56.7+11.2 0.752
Male/female 7/5 16/16 0.626
Hemoglobin (g/L) 125.7+13.3 128.9+£21.6 0.323
Albumin (g/L) 422470 431+36 0.989
TBil (umol/L) 11.5 (10.0-42.3) 9 0 (6.3-13.8) 0.042
TBA (pmol/L) 12.0 (6.8-21.8) 0 (3.0-6.8) <0.001
ALT (U/L) 24.0 (14.0-79.0) 19 5 (12.8-28.0) 0.391
AST (U/L) 30.0 (18.3-92.5) 21.0 (17.0-25.8) 0.104
ALP (U/L) 105 0 (74.8-332.0) 67 5 (56.0-91.3) 0.006
AFP (ng/mL) 6 (2.0-4.6) 0 (2.3-5.6) 0.285
CEA (ng/mL) 6 (1.7-8.0) 3 (1.5-4.1) 0.742
CA19-9 (U/mL) ]0 6 (5.7-78.2) 10 8 (4.6 - 25.6) 0.571
CA125 (U/mL) 21.2 (15.3-23.2) 9.6 (6.6-13.7) 0.023
Tumor size (cm) 8.0+34 44426 0.001
Histological types (NET/NEC) 5/7 21/11 0.155
Chromogranin A (+/-) 12/0 24/8 0.058
Surgery/non-surgery 6/6 22/10 0.255

TBil: total bilirubin; TBA: total bile acid; ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP: alkaline phosphatase;
AFP: «-fetoprotein; CEA: carcinoembryonic antigen; CA19-9: carbohydrate antigen 19-9; CA125: carbohydrate antigen 125; NET: neu-

roendocrine tumor; NEC: neuroendocrine carcinoma.
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Table 2
Biochemistry and hematological parameters after treatment.
Variables PHNENs (n=12) PanNENs (n=32) P value
One month after treatment
Hemoglobin (g/L) 115.8+11.9 117.7 £20.6 0.668
Albumin (g/L) 40.0+63 40.6+5.7 0.836
TBil (umol/L) 14.5 (8.1-38.3) 9.0 (7.0-12.0) 0.053
TBA (pmol/L) 10.0 (8.0-19.8) 4.0 (3.0-5.3) <0.001
ALT (U/L) 38.0 (18.8-76.0) 31.0 (13.3-52.5) 0.352
AST (U/L) 33.5 (23.5-56.8) 24.0 (15.0-40.6) 0.063
ALP (U/L) 132.0 (82.0-379.0) 95.0 (69.5-148.8) 0.151
AFP (ng/mL) 2.3 (1.5-6.7) 3.7 (2.6-4.7) 0.301
CEA (ng/mL) 2.8 (1.2-31.2) 1.5 (1.0-2.9) 0.157
CA19-9 (U/mL) 15.2 (4.0-36.1) 51 (2.2-10.1) 0.142
CA125 (U/mL) 36.8 (17.1-47.0) 18.7 (8.6-65.3) 0.699
Six months after treatment
Hemoglobin (g/L) 110.5+20.7 123.8+25.2 0.132
Albumin (g/L) 432+44 434+£58 0.889
TBil (umol/L) 11 5(9.8-143) 8.0 (7.0-9.0) 0.017
TBA (umol/L) 5 (3.8-10.3) 4.5 (3.0-6.0) 0.297
ALT (U/L) 25 0 (18.3-30.5) 18.0 (14.5-40.5) 0.725
AST (U/L) 34.0 (24.3-49.5) 26.0 (18.5-33.5) 0123
ALP (U/L) 112 5 (48.0-311.5) 76.0 (63.0-123.0) 0.575
AFP (ng/mL) 3 (2.0-1289.7) 3.8 (2.6-5.7) 0.665
CEA (ng/mL) 9 (0.9-5.3) 2.3 (1.5-3.9) 0.300
CA19-9 (U/mL) 133 (9.3-122.5) 10.7 (3.4-24.6) 0.182
CA125 (U/mL) 19.5 (10.8-31.9) 124 (8.6-22.6) 0.327
TBil: total bilirubin; TBA: total bile acid; ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP: alkaline phosphatase;
AFP: «-fetoprotein; CEA: carcinoembryonic antigen; CA19-9: carbohydrate antigen 19-9; CA125: carbohydrate antigen 125.
systemic chemotherapy. In group PanNENs, 3 patients underwent 100
pancreaticoduodenectomy, 17 underwent distal pancreatectomy
and 2 underwent total pancreatectomy; the remaining 10 patients
received systemic chemotherapy, 2 of them received biotherapy 80 -
. . ~
together and 2 of them received novel targeted therapies to- S PanNENs (n = 32)
gether. Postoperative pancreatic leakage occurred in 7 patients 3
and was cured by conservative treatments. Other parameters, £ 60 o T
except TBil and TBA, had no significant difference between the s
two groups, neither one-month nor 6-month after the treatment E
(Table 2). Y
'E 40 - LI T L
) = PHNENS (n = 12)
Survival data E
3
The OS in group PHNENs was 25.4+6.7 months and that in 20
group PanNENs was 39.8 +3.7 months (P=0.037). There was sig-
nificant difference in the 1-year survival rate between group PH- P=0.029
NENs and group PanNENs (66.7% vs. 93.8%; P=0.039). The cu- | | | | | | | |
mulative survival of group PanNENs was significantly higher than 0 10 20 30 40 50 60 70 80

that of group PHNENs (P=0.029, Fig. 2). The 2-year recurrence
rates were 50.0% (3/6) and 68.2% (15/22) in group PHNENs and
group PanNENSs respectively (P=0.731). According to the principle
of treatments mentioned above, those recurrent patients received
appropriate treatments.

Univariate and multivariate analyses

Univariate analysis showed that the prognostic risk factors were
female, low serum albumin level (<35g/L), high level of TBil
(>21umol/L), TBA (>12umol/L), AST (>40U/L), ALP (>150UJL),
AFP (>20ng/mL) and CA19-9 (>37 U/mL), histological types (NEC),
treatments (non-surgery) and primary tumor site (liver). To
these factors, multivariate analysis further indicated that the
serum albumin level (<35g/L; HR: 40.004, 95% Cl=2.583-619.622,
P=0.008), histological types (NEC; HR: 25.363, 95% CI=1.248-
515.632, P=0.035) and treatments (surgery; HR: 0.021, 95%
CI=0.001-0.320, P=0.005) were the prognostic factors (Table 3).

Based on the histological type, the patients in each group were
further divided into two subgroups, subgroup NET and NEC, re-

Overall survival (mon)

Fig. 2. The cumulative survival of patients in group PHNENs and group PanNENs.
PHNEN: primary hepatic neuroendocrine neoplasms; PanNEN: pancreatic neuroen-
docrine neoplasm.

spectively. In group PHNENs, the cumulative survival rate of pa-
tients with NET was significant higher than that of patients with
NEC (P=0.022, Fig. 3A). Whereas, the difference was not found in
group PanNENs (P=0.497, Fig. 3B). Furthermore, according to the
different treatments, the two groups were respectively reorganized
into two subgroups, subgroup surgery and non-surgery (conserva-
tive). Patients who received surgery showed significantly higher
cumulative survival than conservative treatment in group PHNENs
(P=0.003, Fig. 3C) and group PanNENs (P=0.022, Fig. 3D).

Discussion

NENs are relatively rare neoplasms that are rich in neu-
roendocrine cells and can arise in any anatomical site, mainly
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Table 3
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Predictors of survival by univariate and multivariate analysis.

Univariate analysis

Multivariate analysis

Variables
Wald Hazard ratio 95% CI P value Wald Hazard ratio 95% CI P value

Age (>50year) 0.040 0.899 0.317-2.555 0.842 - - - -

Sex (female) 4375 3.060 1.073-8.728 0.036 3.007 13.388 0.713-251.303 0.083
Hemoglobin (<110g/L) 2.839 2.456 0.864-6.984 0.092 - - - -
Albumin (<35g/L) 15.439 18.571 4.324-79.752 <0.001 6.963 40.004 2.583-619.622 0.008
TBil (>21pmol/L) 11.491 7.000 2.272-21.562 0.001 2.418 23.381 0.440-1242.388 0.120
TBA (>12pmol/L) 6.488 3.682 1.350-10.041 0.011 1.477 7.811 0.284-214.868 0.224
ALT (>35U/L) 3197 2.488 0.916-6.755 0.074 - - - -
AST (>40U/L) 10.906 5.336 1.975-14.415 0.001 0.025 0.804 0.054-12.075 0.875
ALP (>150U/L) 13.860 8.791 2.799-27.608 < 0.001 1.019 0.085 0.001-10.214 0.313
AFP (>20ng/mL) 5.564 3.909 1.259-12.131 0.018 2.432 2.920 0.759-11.227 0.119
CEA (>5ng/mL) 0.159 1.257 0.407-3.883 0.690 - - - -
CA19-9 (>37U/mL) 6.351 3.675 1.336-10.115 0.012 1.110 2.863 0.405-20.257 0.292
CA125 (>35U/mL) 1.485 2.517 0.570-11.116 0.223 - - - -
Tumor size (>5cm) 1.330 1.824 0.657-5.068 0.249 - - - -
Histological types (NEC) 4.682 2.919 1.106-7.704 0.030 4,426 25.363 1.248-515.632 0.035
Treatments (surgery) 12.134 0.155 0.054-0.443 <0.001 7.729 0.021 0.001-0.320 0.005
Primary tumor site (liver) 4.342 2.809 1.063-7.423 0.037 1.174 0.169 0.007-4.222 0.279

95% CI: 95% confidence interval; TBil: total bilirubin; TBA: total bile acid; ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP: alkaline phosphatase; AFP:
«-fetoprotein; CEA: carcinoembryonic antigen; CA19-9: carbohydrate antigen 19-9; CA125: carbohydrate antigen 125; NEC: neuroendocrine carcinoma.
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Fig. 3. The cumulative survival of patients with neuroendocrine tumors (NET) and of patients with neuroendocrine carcinomas (NEC) in group PHNENs (A) and group
PanNENs (B). The cumulative survival of patients with surgery and without surgery in group PHNENs (C) and Group PanNENs (D). PHNEN: primary hepatic neuroendocrine
neoplasms; PanNEN: pancreatic neuroendocrine neoplasm.
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arising from digestive tract and lung [20]. According to whether
the symptoms caused by hormones, NENs can be classified as
functional and non-functional tumors [21]. The majority of NENs
are non-functional and the clinical manifestations are mostly
non-specific [22]. Our study showed the most common locations
of primary tumor were pancreas, gastrointestinal tract and lung.
More than half of the patients were asymptomatic and the rest
of the patients mainly presented with abdominal pain while no
patient manifested as hormone-related syndrome. The results
were consistent with the previous study [23]. Interestingly, the
incidence of PHNENs in our hospital was significantly higher than
that in literature (7.3% vs. 0.3%—4.0%) which may be attributed
to the increased prevalence of PHNENSs in recent years. Currently,
combination of morphological and functional imaging methods
is helpful to preoperative diagnosis of PHNENs, but the final
diagnosis depends on pathology. Thirty-six of 44 (81.8%) patients
in our study showed immunopositivity for chromogranin A which
is a valuable biomarker for pathological diagnosis and to monitor
NENSs [24,25].

Up to now, as compared with other NENSs, a limited number of
studies have been reported on PHNENs given the lower incidence.
Lv et al. reported that the patients with PHNENs seemed to achieve
long-term survival than secondary HNENs [26]. To our knowledge,
comparative study of PHNENs and other NENs has never been re-
ported. In this study, we investigated the clinical characteristics
and outcomes of the patients who were diagnosed with PHNENs
or PanNENs. Patients in group PHNENs had larger tumor size and
worse liver function than those in group PanNENs. There were sev-
eral reasons for this result: (1) liver is the largest internal organ
and provides more space for tumor growth; (2) NENs usually grow
slowly, which are concealed and difficult to discover in the early
stages; (3) abnormal liver function is more likely to occur when
liver parenchyma is destroyed directly by tumor. Considering these
points, the patients with PHNENs may have been in the liver for a
long time before diagnosis.

In the present study, we found that the OS of group PHNENs
was significantly shorter than that of group PanNENs. Several fac-
tors may influence the survival of NENs [27]. Boyar et al. per-
formed a retrospective study and demonstrated that the primary
tumor site was one of outcome predictors in NENs patients [28].
Jiao et al. found that the survival rate of patients with PanNENs
was better than those with gastroenteric NENs [29]. To investi-
gate the reasons for survival differences between the two groups,
we performed univariate and multivariate analysis using Cox re-
gression model and the results revealed that serum albumin level,
histological types and treatments were all important predictors of
outcome.

As ever mentioned by the previous studies [22,30], histologi-
cal grading is a key factor of the prognosis. According to WHO
2010 classification standard, NEC indicated a notable correlation
with poor survival. Recently, 28 PHNENs patients were reported by
Chen et al. and they figured out that high expression of Ki-67 was
an independent prognostic factor [10]. Shi et al. made a retrospec-
tive study of 22 PHNENSs patients who had received surgical resec-
tions [31]. Their study also indicated that lower cellular prolifera-
tion grade (G1/G2) was a favorable prognostic factor for PHNENS,
which was similar with our results. In group PHNENS, the differ-
ence in cumulative survival was significant between the patients
with NET and those with NEC. In group PanNENSs, a trend towards
higher cumulative survival of patients with NET compared to those
with NEC was found, although the difference was not statistically
significant. These results supported the importance of histological
type to predict the prognosis.

To date, surgical resection remains the preferable treatment
for NENs, which is considered the only possible cure for the
disease. In our study, a total of 28 patients received radical surgery

and the cumulative survival of the patients with surgery was
significant higher than that of the patients with conservative
treatment in both group PHNENs and group PanNENs. Many re-
search findings confirmed the importance of surgical resection on
survival [14,32] and the postoperative 5-year survival rate is up to
80% [33-35]. Moreover, Zhou et al. performed a meta-analysis and
demonstrated that the palliative resection of the primary tumor
in PanNENs patients with unresectable liver metastases increases
survival [36]. The study further proved the effect of the radical
and palliative surgery. In addition, a study conducted by Fang et
al. showed that patients with NETs or NECs both benefit from
surgery [32]. In our study, one of the NEC patients in group
PHNENS received radical resection and survived for 64.9 months
without recurrence. Although the tumor histological type was
poor, the long-term survival after surgery is proven to be sat-
isfactory. Currently, there is no robust evidence to testify the
effect of surgery for NET better than for NEC [37]. Besides, organ
transplantation remains controversial as an ideal treatment due to
donors shortage and high recurrence rates [38,39]. In summary, for
NENs (either NET or NEC), surgical resection is the first choice if
conditions are suitable. Surgery could be performed safely and ef-
fectively with low incidence of postoperative serious complications.

The conservative treatments could improve the prognosis of pa-
tients with unresectable NENs [40]. The systemic therapies for un-
resectable NENs consist of biotherapy with somatostatin analogues,
targeted therapies with mTOR and tyrosine-kinase inhibitors [5],
peptide receptor radionuclide therapy [41] and chemotherapy. For
PHNENS, TACE as the liver-directed intra-arterial therapy has been
used to relieve the tumor burden. Localized-ablative techniques
(RFA, microwave, laser ablation) could also be used in unresectable
or recurrent liver lesions with diameter less than 5cm [5]. Fag-
giano et al. summarized that all available non-surgical treatments
for NENs are generally well tolerated and they suggested that
chemotherapy should be considered after other therapeutic lines
because that the cumulative toxicities is likely to increase the inci-
dence of adverse events [2].

Serum albumin is synthesized in the liver and represents both
hepatic synthetic function and nutritional status [42]. Low serum
albumin level may occur in the following situations: less synthesis,
high consumption and excess excretion. In recent years, the prog-
nostic value of serum albumin level has been studied in various
diseases and these results indicated that pretreatment serum albu-
min level could affect survival in cancerous patients [43-45]. Sim-
ilarly, our data showed that a low serum albumin level (<35g/L)
is an indicator of shorter OS and the results hint that intensive
nutritional support may be necessary. As a modifiable risk factor,
the serum albumin level could potentially be improved with nu-
tritional supplementation. However, only a few patients presented
with low serum albumin level and they were mainly in group PH-
NENSs, thus the conclusion requires further investigation.

Our study had several limitations. Firstly, it was a retrospective
study and recall bias may happen. Secondly, somatostatin receptor
scintigraphy and 68 Gallium PET/CT are highly sensitive methods
to detect primary site of NENs. Unfortunately, due to limited re-
sources in China, our hospital does not have the equipment and
sufficient techniques to perform the examinations. Therefore, we
were not able to provide any related data. Thirdly, our study only
involved a small sample size from a single center and the follow-
up period was relatively short. In order to further investigate the
differences between PHNENs and PanNENs, we plan to continue
follow-up on these patients and include more PHNENs cases into
future study. More clinical studies will also be performed in mul-
ticenter to obtain more samples to solidify the conclusion of our
study.

In conclusion, PHNENs patients have lower survival rate com-
pared to PanNENs. Histological types, serum albumin level and
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treatments affect the prognosis. The outcome of NET is better than
NEC. Surgical resection is still the main option of treatment for re-
sectable lesions and can significantly improve the survival of PH-
NENs and PanNENs patients.
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