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Background: Primary hepatic neuroendocrine tumor (PHNET) is a rare primary liver tumor that remains poorly understood.
Here, we explored the clinicopathological characteristics and survival outcomes of PHNET patients.
Material/Methods: PHNET patients diagnosed between 1988 and 2015 in the Surveillance, Epidemiology, and End Results (SEER)
database were enrolled in the cohort. Kaplan-Meier analysis was used to determine the survival outcomes.
Multivariable Cox regression models were used to identify the risk factors for overall survival (OS) and disease-
specific survival (DSS).

Results: A total of 291 PHNET patients from the SEER database met the inclusion criteria for analysis. The majority of the
patients were female (53.6%), white (77.7%), and married (49.5%). The 1-, 3-, and 5-year OS were 57.1%, 39.4%,
and 30.2%, and the 1-, 3-, and 5-year DSS rates were 61.3%, 44.3%, and 36.7%, respectively. Multivariate Cox
regression models showed that older age, unmarried status, poor differentiated grade, and no tumor-directed
surgery were independent risk factors for poor OS and DSS.

Conclusions: Older age, unmarried status, poor differentiated grade, and no tumor-directed surgery were associated with
poorer prognosis of PHNET. Surgical resection is an effective and reliable treatment method for patients with
PHNET.
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Background

Neuroendocrine tumors (NETs) are a group of heterogeneous
neoplasms that derive from the neuroendocrine system. The in-
cidence of NETs has been increasing in the past 30 years [1,2].
NETs mainly occur in the gastrointestinal system, with 30.8% in
the small intestines, 26.3% in the rectum, 17.6% in the colon,
12.1% in the pancreas, and 5.7% in the appendix [3]. The liver
is considered as the most common metastatic site of NETs [4].
However, primary hepatic neuroendocrine tumors (PHNET), by
contrast, are extremely rare and only comprise approximately
0.3% of all NETs [4]. Since the first case of PHNET was report-
ed by Edmonson 62 years ago [5], the number of all reported
PHNET cases is less than 200 in the English literature [4,6-21].
Diagnosis of PHNET relies on pathological analysis and the ex-
clusion of metastasized NETSs. Surgical resection is considered
as the mainstay for treatment of this disease [4].

Due to the rarity of PHNET, little is known about it. The aim
of this study was to explore the clinicopathological charac-
teristics and survival outcomes of PHNET patients, diagnosed
from 1988 to 2015, in the Surveillance, Epidemiology, and End
Results (SEER) database.

Material and Methods

Data source and study population

Our study used data from the National Cancer Institute’s
18-registry SEER research database (1973-2015), based on
the November 2017 submission, which represented approx-
imately 30% of the US population. We identified PHNET pa-
tients diagnosed between 1988 and 2015 using SEER*Stat
software (version 8.3.6). Patients were retrieved according to
the International Classification of Disease for Oncology (3
edition) (ICD-O-3) site record for the liver (C22.0). The follow-
ing ICD-0-3 histology codes were involved: 8013, 8041, 8240,
8241, 8242, 8243, 8244, 8245, 8246, and 8249. The study en-
rollment criterion was patients who had a positive histologi-
cal diagnosis with PHNET as a primary disease. Patients were
excluded if they had incomplete follow-up information or their
survival month was recorded as 0. Informed consent was not
required as our study did not use any identifiable human sub-
jects or information.

Patient characteristics retrieved from the database included
age at diagnosis, sex, race, marital status, histological grade,
SEER stage, and surgery information. Patients were divided
according to age at diagnosis into 2 groups: <65 years and
>65 years. Race was divided into white, black, others (includ-
ing American Indian/Alaska Native, Asian/Pacific Islander, and
unknown). Marital status was categorized as married and
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unmarried (including divorced, widowed, separated, and sin-
gle). Histological grade was classified according to the degree
of the tumor differentiation, including well differentiated, I;
moderately differentiated, II; poorly differentiated, Ill; undif-
ferentiated, IV. SEER stage was classified as localized, regional,
and distant. Surgical treatment was categorized into 2 groups:
a tumor-directed surgery group and a no tumor-directed sur-

gery group.

The primary outcomes of our study were overall survival (OS)
and disease-specific survival (DSS). OS was defined from the
date of diagnosis to death due to any cause. DSS was defined
from the date of diagnosis to death due to PHNET.

Statistical analysis

Survival curves were created using the Kaplan-Meier method,
and differences between groups were compared using the
log-rank test. Multivariable Cox proportional hazards regres-
sion models were used to identify the potential risk factors for
prognosis. All P-values were based on a two-sided significance
level, and P-values <0.05 were considered statistically signifi-
cant. All statistical analyses were conducted using GraphPad
Prism software 8.0 (GraphPad, San Diego, CA, USA) and SPSS 19
for Windows (SPSS, Inc., Chicago, IL, USA).

Results

A total of 291 PHNET patients were involved in our study co-
hort. Patient demographics and the clinicopathological char-
acteristics are shown in Table 1. The median age was 63 years
(range 18-91), and 127 patients (43.6%) were older than 65
years. As shown in Figure 1, the incidence of PHNET peaked in
50-80 year. There was no significant difference in sex-specific
distribution, with 156 females (53.6%) and 135 males (46.4%).
A total of 226 patients (77.7%) were white, and 144 patients
(49.5%) were married. Histologically, 50 (17.2%) were grade |
(G1), 22 (7.5%) were grade Il (G2), 50 (17.2%) were grade Il
(G3), 13 (4.5%) were grade IV (G4), and 156 (53.6%) were un-
known. According to SEER stage, 91 patients (31.3%) had lo-
calized disease, 67 patients (23.0%) had regional disease, and
63 patient (21.7%) had distant disease. There were 76 patients
(26.1%) who underwent tumor-directed surgery, while the re-
maining 215 patients (73.9%) did not receive surgery.

Then, we performed Kaplan-Meier analysis for evaluating OS and
DSS of PHNET (Figure 2). The 1-, 3-, and 5-year OS were 57.1%,
39.4%, and 30.2%, and the 1-, 3-, and 5-year DSS were 61.3%,
44.3%, and 36.7%, respectively. Kaplan-Meier survival analysis
with the log-rank test revealed that age, marital status, histolog-
ical grade, SEER stage, and tumor-directed surgery were signifi-
cantly associated with OS (Figure 3) and DSS (Figure 4). In brief,
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Table 1. Baseline characteristics of patients with primary hepatic neuroendocrine tumor.

Characteristics Numb(ehll' =o“:gp:)tients Perc((;l)tage
Sex
"""" Female 1% 536
"""" Male 135 464
Ageatdiagnosis (years
"""" 6s 17 me
s 14 se4
Race
"""" whie 26 727
"""" Back a1 141
"""" Othes 24 82
Maritalstatus
"""" Maried 144 495
"""" Unmarried 128 440
"""" Unknown 19 65

Characteristics Numb((ehll':;gp:)tients Perc;/:\;:age
Histological grade
”””” Welldifferentiated, | 50 172
diferentised, z s
”””” ﬁ :)orlydlfferentlatedso”z
”””” Undifferentiated, v 13 45
”””” Unknown 156 536
CSeeRstge
”””” localied o1 313
”””” Regional 67 230
”””” Distant e 217
”””” Unknown 70 240
Tumor-directed surgery
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Figure 1. The distribution of age and sex of all
PHNET patients.

>90

patients with younger age, G1/G2 tumors, and localized disease
had better survival than those with older age, G3/G4 tumors, and
regional/distant disease. Moreover, married patients tended to
have longer survival than unmarried patients. We also found that
who patients received tumor-directed surgery tended to have
better survival outcome in both OS and CSS. Multivariate Cox
regression models using proportional hazards ratios were con-
ducted to identify independent risk factors for survival of PHNET
(Table 2). The results showed that older age, unmarried status,
poor differentiated grade, and no tumor-directed surgery were
independent risk factors for poorer OS and DSS.

Discussion

PHNET is an extremely rare primary tumor of liver and only
comprise approximately 0.3% of all NETs. Due to the rarity of
PHNET, the clinical characteristics and survival outcome of the
disease are still not fully understood. In the present study, we
first explored the clinicopathological features and survival out-
comes of PHNET using detailed data from the SEER database.

A systematic review of 124 PHNET cases showed that the mean
age was 51.9+16.5 years and found no clear sex-specific patterns
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Figure 2. Kaplan-Meier analysis of overall survival (A) and disease-specific survival (B) in PHNET patients.
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Figure 3. Kaplan-Meier analysis of overall survival in PHNET patients according to (A) Sex, (B) Age, (C) Marital status, (D) Histological
grade, (E) SEER stage, (F) Tumor-directed surgery.
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Figure 4. Kaplan-Meier analysis of disease-specific survival in PHNET patients according to (A) Sex, (B) Age, (C) Marital status,
(D) Histological grade, (E) SEER stage, (F) Tumor-directed surgery.

(50.8% female and 49.2% male) [4]. In a Korean retrospective study
of 12 PHNET patients, the median age was 66.5 years and 7 pa-
tients (58.3%) were male [6]. Chen et al. reported that among 28
patients with PHNET, the mean age was 53 years (range 32-76)
with a male-to-female ratio of 1.15: 1 [13]. An another single-
center PHNET study of 22 Chinese patients showed that the me-
dian age was 49 years (range 37-82), with 12 males and 10 fe-
males [14]. In our study, the median age of the 291 PHNET patients
was 63 years (range 18-91), and 46.4% of patients were male.
These results indicated that PHNET occurred more in the mid-
dle-aged and elderly patients and it is not a sex-specific disease.

Previous studies have revealed that clinical tumor markers
such as alpha-fetoprotein (AFP), carcinoembryonic antigen
(CEA), and cancer-antigen (CA) 199 have no diagnostic value
in PHNET [19,22]. Medical imaging examinations such as ul-
trasound, computed tomography, and magnetic resonance im-
aging also have low sensitivity and specificity for diagnosis of
PHNET [9,23-25]. Therefore, pathological diagnosis based on
histological and immunohistochemical evaluation is regarded
as the final diagnosis standard for PHNET. Because the liver is
regarded as the most common metastatic site of NETSs, the di-
agnosis of PHNET should exclude metastasized NETs. Based on
mitotic rates and Ki-67 proliferation index (PI), neuroendocrine
tumors are classified into 3 categories in the WHO digestive
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Table 2. Multivariate Cox proportional hazards regression analysis for overall survival (OS) and disease-specific survival (DSS).

Characteristics
95% Cl

2.369-5.580

P-value

<0.001

95% ClI P-value

2.420-6.205 <0.001

system classification [26], but in the SEER database, PHNET is
divided into 4 histological grades according to the degree of
tumor differentiation. As shown in our results, patients with
G1/G2 histological grade tended to have better OS and DSS
than those with G3/G4, and histological grade was an inde-
pendent risk predictor of the prognosis of PHNET.

Previous studies have not clearly elucidated the risk factors for
prognosis of PHNET. Chen et al. reported that high expression
of Ki-67 was an independent prognostic factor for PHNET [13].
Shi et al. found that histological grade of G3 was an inde-
pendent factor for recurrence-free survival [14]. In the pres-
ent study, we found that older age, unmarried status, G3/G4

tumors, regional/distant disease, and lack of surgery were sig-
nificantly associated with poorer OS and DSS. Moreover, older
age, unmarried status, poor differentiated grade, and no tu-
mor-directed surgery were independent risk factors for sur-
vival of PHNET. These results will help clinicians to assess the
survival and prognosis of PHNET patients.

Surgical resection remains the main treatment modality for
PHNET. Patients who received surgery had better prognosis.
Iwo et al. reported that the 5-year survival rate was 74% in their
53-patient cohort [27]. Knox et al. found a similar 5-year survival
rate of 78% in their analysis of 48 patients with PHNET [28]. In
the present study, the 5-year OS was 71.9% and CSS was 75.7%
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in patients who received surgery, compared to the 15.6% and
21.5% in those did not receive surgery. These results indicate that
tumor-directed surgery can significantly improve the prognosis
of PHNET. However, previous studies have indicated that the re-
currence rates after surgery were as high as 20-40% [14,27,28].
Therefore, close follow-up is recommended in the postoperative
period for patients of PHNET. Apart from surgery, other treatment
modalities of PHNET include transcatheter arterial chemoembo-
lization (TACE) [19,29], radiofrequency ablation (RFA) [30], percu-
taneous ethanol injection treatment (PEIT) [22], liver transplan-
tation [18,31], somatostatin analogues [32], and chemotherapy.
However, the role and effectiveness of these treatment modali-
ties remain unclear and need further study.

Our study has certain limitations. First, the SEER database
does not contain important information such as the details

of surgery and postoperative complications, as well as the
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Conclusions

Our study assessed the largest PHNET population based on the
SEER database to date. PHNET is a rare primary liver tumor and its
prognosis is generally favorable after active treatment. Moreover,
our study found that older age, unmarried status, poor differ-
entiated grade, and no tumor-directed surgery were associated
with poorer prognosis of PHNET. Surgical resection is the most
effective and reliable treatment method for patients with PHNET.
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