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Background: The incidence of indolent gastroenteropancreatic neuroendocrine neoplasms (GEP-NENS)
has increased dramatically. GEP-NENSs often present late with concomitant liver metastasis, which is
associated with poorer outcomes.

Methods: This is a retrospective cohort study of 3,188 patients with liver metastatic GEP-NENs from
the national scale Surveillance, Epidemiology, and End Results (SEER) database in the USA between 2010
and 2016. The population-based sample of GEP-NENs with liver metastasis was stratified by primary site
(intestinal, pancreatic or gastric), surgical intervention and functional status.

Results: Of the 3,188 patients with liver metastatic GEP-NENSs in this study, intestinal NENs (iNENs)
were the most common and displayed the best 5-year survival of 42.6% compared to 25.8% in pancreatic
NENs (pNENs) and 12.0% in gastric NENs (gNENG). Surgical intervention [hazard ratio (HR): 0.46, 95%
CI: (0.40-0.53), P<0.001] and carcinoid subtype showed robust survival advantages across all groups. pNENs
with liver metastasis were associated with the greatest benefit of surgery [HR: 0.55, 95% CI: (0.41-0.75),
P<0.001] while iNENs were the most commonly treated by surgery. After risk adjustment, primary site was
not associated with outcome in the non-surgical group.

Conclusions: Taken collectively, when diagnosed with liver metastasis, iNENs conferred a better overall
prognosis than both pNENs and gNENs. Primary surgical resection, especially of carcinoid type tumors,
emerged as a robust prognostic indicator of better outcomes irrespective of primary site. This finding was
most pronounced in liver metastatic pPNENs. When possible, we recommend surgical intervention in GEP-

NENSs with liver metastasis.
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Introduction

Neuroendocrine neoplasms (NENs), a heterogeneous
group of neoplasms originating from the neuroendocrine
system, are relatively rare tumors estimated at around 6.8
per 100,000 in the US population (1,2). In the past two
decades, the reported incidence of NENs has increased,
likely due to advancements in radiographic diagnostic
techniques and awareness. NENs most commonly arise
in the gastrointestinal system, where they are collectively
referred to as gastroenteropancreatic neuroendocrine
neoplasms (GEP-NENSs) (3,4).

GEP-NENSs occur in two major tumor sub-types
(carcinoid and non-carcinoid), and generally follow an
indolent course that often results in affected patients
presenting late with established metastatic disease,
predominantly in the liver (5). Liver metastasis has been
estimated to account for up to 82% of all GEP-NEN
metastases, and about 40% of patients with GEP-NENs
will develop liver metastasis during their clinical course (6,7).
Unsurprisingly, such liver metastases cause progressive
liver failure and worse survival rates (8). These collective
characteristics of GEP-NENSs largely determine the choice
of primary treatment modality (surgical resection versus
non-surgical), which remains particularly controversial in
case of associated liver metastasis (9).

Studies investigating the potential prognostic role of
the primary site of GEP-NENSs are limited. One study
showed that GEP-NENSs of primary pancreatic origin are
associated with poor survival while another identified NENs
originating in the rectum to have relatively more favorable
survival (3,10). More specifically, reports on the prognostic
role of organ primary site and its interaction with the roles
of both functional status and primary treatment modality
choice in the setting of GEP-NENSs with synchronous liver
metastasis are lacking. In this study, we aimed to leverage
the available national scale patient survival data from the
Surveillance, Epidemiology, and End Results (SEER)
database to systematically elucidate these interactive
prognostic roles of primary site, functional status and
treatment modality in liver metastatic GEP-NENSs in the
USA. We present the following article in accordance with
the Strengthening the Reporting of Observational studies in
Epidemiology (STROBE) reporting checklist (available at
http://dx.doi.org/10.21037/atm-20-5348).

Methods

Access to the database for research purposes was approved
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by the SEER Committee. SEER*Stat 8.3.6 software was
used to extract data from the SEER database [Incidence-
SEER 18 Regs Custom Data (with additional treatment
fields), Nov. 2018 Sub (1975-2016 varying)] as previously
reported (11). The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). The
study was approved by institutional ethics committee of
Zhongshan Hospital, Fudan University (No. Y2020.094)
and individual consent was waived due to the retrospective
nature of the analysis.

Study population

Patients with a diagnosis of primary GEP-NEN were
identified from the SEER database, for the period between
2010 and 2016, based on the primary tumor site and
morphology data fields (Figure S1). First, patient records
with GEP tumors were identified based the site data
field (CD-O-3/WHO 2008) and included the following:
Stomach, Small Intestine, Colon and Rectum, Colon
excluding Rectum, Cecum, Appendix, Ascending Colon,
Hepatic Flexure, Transverse Colon, Splenic Flexure,
Descending Colon, Sigmoid Colon, Large Intestine NOS,
Rectum and Rectosigmoid Junction, Rectosigmoid Junction,
Rectum, Anus, Anal Canal and Anorectum and Pancreas.
GEP tumors were next restricted to the following NENs
defined according to the International Classification of
Diseases for Oncology (3rd edition) for tumor of histology/
behavior, and included the following: pancreatic endocrine
tumor, malignant (8,150/3), insulinoma, malignant
(8,151/3), glucagonoma, malignant (8,152/3), gastrinoma,
malignant (8,153/3), mixed pancreatic endocrine and
exocrine tumor, malignant (8,154/3), vipoma, malignant
(8,155/3), somatostatinoma, malignant (8,156/3), carcinoid
tumor (8,240/2), enterochromaffin cell carcinoid (8,241/3),
enterochromaffin-like cell tumor, malignant (8,242/3),
goblet cell carcinoid (8,243/3), mixed adenoneuroendocrine
carcinoma (8,244/3), adenocarcinoid tumor (8,245/3),
neuroendocrine carcinoma 7z situ (8,246/2), neuroendocrine
carcinoma, NOS (8,246/3) and atypical carcinoid tumor
(8,249/3).

Study groups

For the current analysis, GEP-NENs were analyzed both
collectively accounting for treatment approach, and after
stratification to treatment modality sub-cohorts (primary
surgical resection: Yes or No). In all cases, the primary sub-
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group comparisons were focused on primary site (intestine,
pancreas and stomach), and with each further subdivided
based on functional status (carcinoid or non-carcinoid).
Cases were excluded in case the data record included
evidence of other malignancies or other unknown metastatic
locations outside the liver.

Patient factors

Demographic and clinicopathologic risk factors considered
as covariates in this analysis included the following:
gender, age, primary site, tumor grade, functional status,
primary surgical resection, chemotherapy, radiotherapy
and distal metastasis (bone, lung and brain). The number
of examined (ELN) and positive lymph nodes (PLN) and
their ratio [lymph node ratio (LNR) = PLN/ELN] were
also considered in a secondary analysis in the surgical
GEP-NEN sub-cohort. Survival was compared across
increasing PLN groups for all GEP-NEN origin/location
groupings in accordance to the 8th edition of the American
Joint Committee on Cancer’s (AJCC) tumor, nodes, and
metastases, ('INM) staging system for pancreatic cancer [N
classification groups: NO (no PLN), N1 (1< PLN <3) and
N2 (PLN >4)).

Statistical analysis

Statistical analyses were conducted using R project version
3.3.3 (http://www.r-project.org/) and SPSS 21.0 statistical
package (SPSS Inc., Chicago, IL, USA) for Windows.
Continuous variables were compared using the Mann-
Whitney U test or Kruskal-Wallis test, as appropriate.
Chi-squared or Fisher’s exact tests (if needed) were used
for categorical variables when appropriate. Longitudinal
follow-up data were analyzed to determine survival using
Kaplan-Meier analysis with log-rank test between-group
comparisons. Univariate and multivariate Cox proportional
hazard regressions were used to estimate unadjusted (HR)
and risk adjusted hazard ratios (AHR), respectively. A P
value <0.05 was used to indicate statistical significance of all
independent prognostic factors.

Results
Study population and comparison groups

The SEER database, between 2010 and 2016, was
comprised of a total of 30,727 patients diagnosed with
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GEP-NENS. Synchronous liver metastasis was prevalent in
4,225 of these patients. Patients with unknown metastatic
disease in locations other than the liver (n=164) and those
with other types of primary malignancies (n=874) were
excluded for a final study population of 3,188 patients
(Figure S1).

Patient and clinicopathologic factors for the study
population are detailed in 7able 1. These were distinctly
different between the surgical resection versus the non-
surgical sub-cohorts (Tuable 1). The intra-organ location
of the primary tumor within each of the tumor origin
site (intestine, pancreas, and stomach) for the entire
study population are detailed in Figure I. Briefly, tumors
originating in the intestine (INENs: n=1,590, 49.87%) were
the most common, followed by pancreas-derived tumors
(pancreatic NENs, pNENSs: n=1,427, 44.76%), while
gastric-originating tumors (gastric NENs, gNENs: n=171,
5.36%) were relatively infrequent. When specified, the
majority of pNENSs had their intra-organ tumor originating
in the tail (n=407, 30.69%), followed by the head (n=409,
28.66%) and then body (n=155, 10.86%). For gNENS,
the primary intra-organ location was most commonly in
the cardia (n=46, 26.90%) and rarest in the pylorus (n=2,
1.17%). For iNENSs, 614 (38.62%) cases originated from
the colorectal region while 457 (28.74%) originated from
the ileum (Figure I).

The primary treatment approach in this SEER GEP-
NEN with synchronous liver metastasis patient series was
more frequently non-surgical (1,959 of 3,188; 61.4%)
versus involving primary surgical resection in 1,204 patients
(37.8%). Notably, the rate of surgical intervention rate was
nearly four-fold greater in case of iNENs (947 of 1,590;
59.6%) compared to both pNENs (232 of 1,427; 16.3%)
and gNENSs (25 of 171; 14.6%; Table 1).

Univariate analysis performed on all GEP-NENs with
synchronous liver metastasis cases showed that gender,
age, primary tumor site, tumor grade, functional status,
surgical resection (Yes/No), radiotherapy, chemotherapy
and synchronous bone, brain or lung metastasis were all
significantly associated with survival (Table 2, Table S1).

Observed survival in GEP-NENs with synchronous liver
metastasis and the role of tumor origin

The observed unadjusted survival of GEP-NENs with
synchronous liver metastasis differed significantly across
the three tumor origin groups (Figure 24; P<0.001 log
rank). Overall, INEN patients were associated with the
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Table 1 Clinicopathologic factors and their correlations with surgical resection in all GEP-NEN patients with liver metastasis (SEER 2010-2016)

GEP-NEN with liver metastasis (N=3,188)

Variables P value
All cases*, N=3,188 Resection (yes), N=1,204 Resection (no), N=1,959
No. of patients
Female/male 1,444/1,744 583/621 851/1,108 0.006
Age (years), mean [range] 60.9 [4-97] 58.9 [4-95] 62.2 [13-97] <0.001
Tumor site
Intestine (iNEN) 1,590 947 633 <0.001
Pancreas (pNEN) 1,427 232 1,182
Gastric (QNEN) 171 25 144
Grade
Well 906 615 285 <0.001
Moderate 394 250 142
Poor/undifferentiated 621 194 425
Unknown 1,267 145 1,107
Functional type
Carcinoid 1,116 596 519 <0.001
Non-carcinoid 97 35 53
Unspecified NEN 1,975 573 1,387
Radiotherapy (yes/no) 213/2,975 471,147 155/1,804 0.001
Chemotherapy (yes/no) 1,300/1,888 308/896 980/979 <0.001
Other metastasis (yes/no)
Bone 235/2,953 28/1,176 207/1,752 <0.001
Brain 25/3,163 3/1,201 22/1,937 0.007
Lung 244/2,944 37/1,167 205/1,754 <0.001

*, all cases include 25 patients with unknown surgical resection status. GEP-NEN, gastroenteropancreatic neuroendocrine neoplasms;

SEER, Surveillance, Epidemiology, and End Results.

best unadjusted median (95% CI) survival [43 (37.2-
48.8) months], pNEN patients exhibited intermediate
survival [22 (19.4-24.6) months] and gNEN patients were
associated with the worst survival [8 (5.5-10.5) months].
The 5-year survival rates were 42.6%, 25.8% and 12.0%,
for iNENs, pNENs and gNENS, respectively (Figure 2A).
The corresponding unadjusted hazard ratios for primary
tumor site are summarized in Tuble 2. However, primary
resected pNEN patients had the best survival, resected
iNEN patients exhibited intermediate survival, and resected
gNEN patients were associated with the worst survival
(1-year survival rate of 90.6%, 81.2% and 64.7%
respectively; 3-year survival rate of 74.7%, 69.5% and
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54.7% respectively, Figure 2B).

Considering surgical and non-surgical cases combined
(Figure 2C,D,E,F), iINEN patients exhibited a large degree
of survival variation depending on the specific tumor
site within the intestinal tract. Median survival in case of
proximal intestinal origins was significantly better than for
cases with distal intestinal location such as colon or rectum
origins (Figure 34). Moreover, a significant degree of
variability existed even within the proximal intestine where
tumors originating from the ileum and jejunum conferred
better survival than the duodenum (Figure 3B). In contrast,
there was no significant survival difference in case of pNENs
whether originating in the head, body or tail (Figure 3C) or
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Figure 1 The distribution of GEP-NENSs with synchronous liver metastasis amongst the primary origins. The anatomical images were

picked from Atlas software. GEP-NEN, gastroenteropancreatic neuroendocrine neoplasms.

in case of different locations within the stomach (Figure 3D).

Observed survival in GEP-NENs with synchronous liver
metastasis and the role of treatment modality

GEP-NEN with synchronous liver metastasis patients were
generally associated with a substantially superior survival in
case of primary surgical resection [1-year: 82.7%, 3-year:
70.2%, 5-year: 59.2%] compared to non-surgical treatment
[1-year: 52.5%, 3-year: 28.5%, 5-year: 16.8%, P<0.001;
Figure 2C). The corresponding unadjusted hazard ratios
for both treatment modalities are summarized in Table 2.
Importantly, the large difference in survival between
surgical resection (better) versus non-surgical (worse)
patients was true in case of intestinal, pancreas and stomach
tumor origin albeit to different degrees (Figure 2D,E,F; all
P<0.001). In non-surgical patients, survival was comparable
for all three tumor origin subgroups.

Lymph node pathology examination data were available

© Annals of Translational Medicine. All rights reserved.

in 1,022 of the 1,204 (85%) patients treated with surgical
resection. The median LNR was lowest for pNEN cases
(LNR =0.154), intermediate in gNENs (LNR =0.218), and
highest for iNEN patients (LNR =0.308). The LNR was
highest in case of distal intestinal GEP-NEN with median
LNR of 0.333 and 0.5 for appendiceal and colorectal/anal
NEN:Ss, respectively (P<0.001). Increasing PLN staging
was associated with significantly worse survival in case of
pNENs (P=0.010, Figure 44) and colorectal/anal NENs
(P=0.005, Figure 4B), but not in the case of gastric (P=0.151,
Figure 4C), small intestinal (P=0.059, Figure 4D) or
appendiceal NENs (P=0.074, Figure 4E).

Observed survival of GEP-NEN with synchronous liver
metastasis and the role of functional status

Tumor function was available in 1,213 patients (38%), and
these were predominantly of carcinoid type regardless of
primary site. Carcinoid GEP-NENs were associated with
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Table 2 Effect of primary tumor site (origin), type and primary treatment modality on survival in GEP-NENs with liver metastasis: unadjusted
and adjusted hazard ratios (SEER 2010-2016)

Cox regression analysis: GEP-NENs with liver metastasis

Variables All cases Resection (Yes) Resection (No)
HR P value HR P value HR P value
Unadjusted Analysis
Tumor site (origin)
Intestine (INEN) 1 (ref) 1 (ref) 1 (ref)
Pancreas (pNEN) 1.45 (1.3-1.60) <0.001 0.74 (0.55-0.99) 0.041 0.91 (0.80-1.022) 0.11
Stomach (gNEN) 2.56 (2.12-3.10) <0.001 1.68 (0.92-3.06) 0.092 1.63 (1.33-2.01) <0.001
Functional type
Carcinoid 1 (ref) 1 (ref) 1 (ref)
Non-carcinoid 4.61 (3.54-6.00) <0.001 8.94 (5.82-13.7) <0.001 2.83 (2.02-3.97) <0.001
Unspecified NEN 2.70 (2.38-3.07) <0.001 2.58 (2.02-3.29) <0.001 2.01 (1.73-2.33) <0.001
Surgical resection
No 1 (ref) NA NA
Yes 0.29 (0.26-0.33) <0.001 NA NA
Unknown 0.71(0.43-1.18) 0.185 NA NA
Adjusted analysis
Tumor site (origin)
Intestine (iNEN) 1 (ref) 1 (ref) 1 (ref)
Pancreas (pNEN) 0.92 (0.82-1.02) 0.141 0.55 (0.41-0.75) <0.001 0.96 (0.84-1.09) 0.49
Stomach (gNEN) 1.03 (0.84-1.25) 0.802 1.75 (0.96-3.21) 0.07 1.10 (0.89-1.37) 0.367
Functional type
Carcinoid 1 (ref) 1 (ref) 1 (ref)
Non-carcinoid 2.63 (2.01-3.46) <0.001 3.46 (2.18-5.48) <0.001 1.97 (1.40-2.78) <0.001
Unspecified NEN 1.84 (1.61-2.11) <0.001 2.21 (1.71-2.86) <0.001 1.63 (1.39-1.91) <0.001
Surgical resection
No 1 (ref) NA NA
Yes 0.46 (0.40-0.53) <0.001 NA NA
Unknown 1.03 (0.62-1.71) 0.921 NA NA

GEP-NEN, gastroenteropancreatic neuroendocrine neoplasms; SEER, Surveillance, Epidemiology, and End Results.

better unadjusted survival compared to non-carcinoid tumors.
Patients with unspecified tumor types exhibited intermediate
survival suggesting that this group includes both carcinoid
and non-carcinoid tumors (Figure 5A4). The corresponding
unadjusted hazard ratios for functional status are summarized
in Table 2. Moreover, this pattern of comparatively better
carcinoid tumor survival was consistent in case of intestinal,
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pancreatic and gNENSs (Figure 5B,C,D, respectively).

Lastly, carcinoid tumors exhibited different unadjusted
survival in case of different primary sites (Figure S2A;
P<0.001): iNEN (best), pNEN (intermediate) and
gNEN (worst). Alternatively, non-carcinoid tumors were
associated with similar survival irrespective of tumor origin

(Figure S2B; P=0.127).The unspecified tumor type (includes
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Figure 2 Kaplan-Meier survival curves depicting overall survival in patients with GEP-NENSs and synchronous liver metastasis. (A)

All patients and (B) all primary resected patients with liver metastatic GEP-NENs based on primary site of origin, (C) all GEP-NENS,
(D) iNENSs, (E) pNENs and (F) gNENs based on surgical resection. The P values were determined by the log-rank test. GEP-NEN,

gastroenteropancreatic neuroendocrine neoplasms.

both types) also showed significance (Figure S2C; P<0.001).

Independent effects of primary site, functional status and
treatment modality in GEP-NENs with synchronous liver
metastasis

Multivariate risk adjustment was applied to the entire

© Annals of Translational Medicine. All rights reserved.

patient cohort (7able 2, Table S1) continued to show gender,
age, tumor grade, functional status, primary surgical
resection, chemotherapy and synchronous bone or lung
metastasis to be independent predictors of survival in
addition to primary site [non-carcinoid versus carcinoid:
AHR (95% CI) =3.46 (2.18-5.48)] and surgical resection
[AHR =0.46 (0.40-0.53)]. Importantly, the GEP-NEN
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Figure 3 Kaplan-Meier survival curves depicting overall survival in patients with liver metastatic GEP-NENSs according to tumor primary
sites. (A,B) iNENSs, (C) pNENs and (D) gNENs. The p-values were determined by the log-rank test. GEP-NEN, gastroenteropancreatic

neuroendocrine neoplasms.

tumor origin was not independently associated with survival
when patients with and without surgical resection were
considered collectively.

Separate multivariate analyses of surgical and non-
surgical cases provided further insight on the potential
role of primary tumor site. Specifically, in patients treated
surgically, comprehensive risk adjustment showed that
pNENs [AHR =0.55 (0.41-0.75); P<0.001] were associated
with better survival than iNENs (reference group).
Alternatively, gNENs [AHR =1.75 (0.96-3.21); P=0.07]
trended towards worse survival than iNENs. Univariable
and multivariable analyses were also performed after
stratifying by primary tumor site. Briefly, in patients with
iNENSs, age, tumor grade, functional status and distal
tract disease were independent risk factors negatively
associated with survival while surgery and chemotherapy
were independently associated with improved survival
(Table S2). After risk adjustment, patients with pNENs
had significantly worse survival if older, with poorer tumor
grade, when non-carcinoid, if treated non-surgically or with
synchronous bone or lung metastasis (Table S3). In gNENS,

© Annals of Translational Medicine. All rights reserved.

only age, functional status and surgery independently
predicted survival (Table S4).

Discussion

GEP-NENs have become more commonly encountered
tumors affecting the gastroenteropancreatic system. Yet,
their diagnosis remains challenging with patients often
presenting late with metastatic disease particularly involving
the liver (5). We endeavored to develop accurate models
to aid in predicting prognosis in patients of GEP-NENs
with metastasis to the liver and, in the process, to elucidate
the impact of a variety of patient, clinical and pathologic
variables on patient prognosis with particular focus on
the roles of tumor origin site, functional status and the
primary treatment modality and the interaction between
these factors. To do so, we leveraged the national scale US
population-based National Cancer Institute SEER program
database.

To our knowledge, the analyses on GEP-NENs with

synchronous liver metastasis reported in this study are

Ann Transl Med 2021;9(4):329 | http://dx.doi.org/10.21037/atm-20-5348
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Figure 4 Kaplan-Meier survival curves depicting overall survival in patients with liver metastatic GEP-NENs according to AJCC N staging:
(A) pNENS, (B) colorectal/anal NENs, (C) gNENSs, (D) small intestinal NENs and (E) appendiceal NENs. The p-values were determined

by the log-rank test. GEP-NEN; gastroenteropancreatic neuroendocrine neoplasms.

based on an unprecedented volume of cases that were
derived from the national scale SEER database. A number
of important findings were gleaned from the current study.
First, GEP-NENs with synchronous liver metastasis
have proved to be most commonly of intestinal origin
followed by pancreatic and gastric origin. Similar to
reports of non-metastatic GEP-NENs, iNENs with liver
metastasis were the most common, accounting for 1 in
2 of all cases (n=1,590) (10,12,13). Patients with iNENs
and liver metastasis are decidedly more frequently treated
with surgical resection compared to both pNENs and

© Annals of Translational Medicine. All rights reserved.

gNENSs, and hence the overall survival of iNENs amongst
all resected and unresected cases is superior to that in
case of pNENSs (intermediate) and gNENSs (worst). These
iNEN patients were shown to have the most favorable
outcome with a median of survival of 43 months. However,
if primary surgery was performed for GEP-NENs with
synchronous liver metastasis, pNEN patients were shown
to have the most beneficial survival instead. High grade and
non-carcinoid tumors were associated with poorer survival.
Additionally, within the intestine, patients with more distal
(colorectal) disease and liver metastasis had a significantly
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Figure 5 Kaplan-Meier survival curves depicting overall survival in patients with GEP-NENs and synchronous liver metastasis according to
functional status. (A) All GEP-NENSs, (B) iNENs, (C) pNENSs and (D) gNENs. The p-values were determined by the log-rank test.

worse prognosis than those with more proximal (small
intestine) originating iNENs with synchronous liver
metastasis. This may be partially attributed to a significantly
increased lymph node involvement in colorectal and anal
NENSs (LNR 0.5) as compared to that of the small intestine
(LNR 0.3). These data may indicate more aggressive tumor
biology and delayed diagnosis in colorectal and anal NENs.

In case of localized, non-metastatic GEP-NENs,
pancreatic originating NENs are associated with the
poorest survival followed by gastric and then intestinal (14).
Pancreatic-originating NENs were the second most
common source of liver metastatic GEP-NEN (n=1,427)
accounting for almost 45% of cases. This is consistent
with findings from another population-based study by
Gudmundsdottir and colleagues (13). These exhibited
a worse unadjusted overall survival than iNENs with
an almost halved median survival of 22 (CI, 19.4-24.6)
months. The majority of these presented in the tail
(30.69%) followed by the head (28.66%) and body
(10.86%). However, location within the pancreas showed

© Annals of Translational Medicine. All rights reserved.

no significant association with survival. This is contrary
to findings in pancreatic ductal adenocarcinoma (PDAC),
the most common type of pancreatic cancer, which has a
more favorable prognosis when located in the head of the
pancreas (15). Similar to colorectal cancer, there has also
been consideration for surgical treatment in oligometastatic
pancreatic cancer when confined to the liver for highly
selected patients (16). Here, for pNENSs, both radiotherapy
and chemotherapy showed no improvement in survival
while surgery provided a pronounced enhancement
in survival. Although treating metastatic disease with
surgical intervention is seldom a standard, this finding
draws comparisons to results that have led to the NCCN
guidelines regarding surgical intervention for colorectal
cancer with oligometastatic liver disease (17). Our current
analyses support this therapeutic option in NEN with
synchronous liver metastasis as well.

Of all GEP-NENS, primary gastric and rectal NENs
have been shown to have the least metastatic potential
(13,18). This may partly explain the low number of gNENs
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with liver metastasis available for the current study (n=171).
These were associated with the poorest outcomes displaying
a dismal 8-month overall median survival underscoring the
importance of diagnosing gNENSs in a pre-metastatic stage
to avoid extremely poor outcomes. While less frequent,
¢NENs with liver metastasis appear to be associated with a
more aggressive tumor biology and comparatively greater
LNR compared to pNENs and hence leading to poorer
survival.

Second, surgical treatment of GEP-NENs was associated
with substantially better survival compared to non-surgically
treated GEP-NENS irrespective of the primary tumor
origin. Alternatively, primary tumor site was found to be an
independent prognostic factor in case of surgical resection
[pPNENSs (best) and gNENs (worst)] but not for non-
surgical patients. Interestingly, after risk adjustment, GEP-
NENs with synchronous liver metastasis treated by surgery
showed more favorable survival across all tumor origins.
This finding is consistent with other reports in the literature
(19-21). Amongst the resected group, pNENs displayed
a better response to surgical intervention than iNENs
which too tended to respond more favorably than gNENs
although statistical significance was not reached. This could
be partially explained by lack of power since only 25 patients
with gNENs and liver metastasis were treated by surgery. It
is noteworthy that both surgery and adjunct chemotherapy
were found to be independently associated with improved
survival. Radiotherapy showed no significant improvement.

Third, GEP-NENSs of carcinoid tumor type were
more frequently treated with surgical resection and were
consequently associated with better survival regardless
of primary tumor site. Across all GEP-NENs with
synchronous liver metastasis, carcinoid NENs were
associated with better survival compared to non-carcinoid
NENSs. This finding is consistent with the literature on
non-metastatic GEP-NENs as carcinoid tumors are often
diagnosed earlier due to their unique presenting symptoms
and are associated with an 83% 5-year overall survival when
surgically treated (22).

The three major GEP-NEN classification systems that
are widely used include (I) the World Health Organization
(WHO) classification (23); (IT) the Union for International
Cancer Control TNM system (24); (III) the European
NEN Society TNM grading system (25). Each staging
system presents advantages and disadvantages and perhaps
a standardized tool that integrates the best aspects of each
would provide the most accurate staging and prognostic

© Annals of Translational Medicine. All rights reserved.

Page 11 of 13

information (26,27). In light of our and others’ findings
that support more aggressive surgical intervention, we
sought out to investigate any additional prognostic value
by applying the post-surgical N AJCC 8" edition staging
system (28-30). In fact the new 8" edition amendment to
the N classification of the AJCC TNM staging system
showed a significant discrimination in pancreatic and
colorectal/anal NEN with synchronous liver metastasis.
Perhaps a dynamic risk stratification unifying the above
pre- and post-surgical staging systems would provide the
optimal risk stratification. This may be an especially timely
consideration given that patients are increasingly receiving
surgical treatment of GEP-NENs with synchronous liver
metastasis.

Limitations

This population-based study was performed using the
nationally representative SEER database. However,
limitations persist. First, the retrospective and national scale
nature of the study led to the inherent limitation of possible
selection bias due to excluded patients with incomplete and
unrecoverable data. Additionally, the SEER program does
not report Ki-67 index which is an important measure for
NEN aggressiveness in the WHO classification system.
Furthermore, detailed data are not reported regarding
certain treatments that may impact survival. For example,
these may include resection margin status or type, time
and duration of chemotherapy. Moreover, it is important
to consider that the performance status of patients was not
known, and it is possible that some patients were too sick
to tolerate surgery. Nevertheless, the large sample database
mitigates concerns about generalizability, the study power
needed to explore rarer diseases and allows investigators to
probe hypothesis driven queries that are otherwise difficult.
Based on our results, future randomized prospective studies
should investigate and validate our findings.

Conclusions

Our study confirms the superiority of surgical resection
for the treatment of GEP-NENs with synchronous liver
metastasis irrespective of primary tumor site. We also
uncovered a notable variance of outcomes of this specific
sub-cohort of GEP-NEN patients specifically with
functional status as well as the intra organ primary tumor
location in case of intestinal NENS.
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Figure S2 Kaplan-Meier survival curves depicting overall survival in patients with liver metastatic GEP-NENSs according to tumor primary

sites among different functional status: (A) carcinoid, (B) non-carcinoid, and (C) unspecified tumor type (includes both types). The p-values

were determined by the log-rank test.
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Table S1 Demographic and disease factors in all primary GEP-NEN patients with liver metastasis (all origin locations) - univariate and

multivariate Cox regression results

Cox regression analysis

. Patients
Variables (n=3188) Univariate Unadjusted HR Multivariate Adjusted HR
P value (95% ClI) P value (95% Cl)
Gender
Female 1444 Reference 1.151 (1.043-1.269) Reference 1
Male 1744 0.005 0.042 1.108 (1.004-1.223)
Age, years
Average, range 60.9 (4-97) <0.001 1.031 (1.027-1.035) <0.001 1.024 (1.020-1.028)
Tumor site
Intestine 1590 Reference 1 Reference 1
Pancreas 1427 <0.001 1.447 (1.308-1.602) 0.141 0.919 (0.821-1.028)
Stomach 171 <0.001 2.563 (2.119-3.102) 0.802 1.026 (0.839-1.254)
Grade
well 906 Reference 1 Reference 1
Moderate 394 0.011 1.337 (1.069-1.673) 0.041 1.264 (1.010-1.583)
Poor or undifferentiated 621 <0.001 7.625 (6.494-8.952) <0.001 4.755 (3.977-5.686)
Unknown 1267 <0.001 3.544 (3.052-4.115) <0.001 2.163 (1.837-2.547)
Functional type
Carcinoid tumor 1125 Reference 1 Reference 1
Non-carcinoid tumor 88 <0.001 4.611 (3.541-6.003) <0.001 2.633 (2.006-3.456)
Unspecified neuroendocrine tumor 1975 <0.001 2.703 (2.384-3.065) <0.001 1.844 (1.613-2.108)
Surgery
No 1959 Reference 1 Reference 1
Yes 1204 <0.001 0.290 (0.258-0.327) <0.001 0.459 (0.398-0.530)
Unknown 25 0.185 0.709 (0.426-1.179) 0.921 1.026 (0.616-1.711)
Radiotherapy
No 2975 Reference 1.357 (1.135-1.622) Reference 1
Yes 213 0.001 0.428 1.078 (0.895-1.298)
Chemotherapy
No 1888 Reference 1.472 (1.335-1.623) Reference 1
Yes 1300 <0.001 <0.001 0.820 (0.734-0.916)
Bone metastasis
No 2953 Reference 2.064 (1.758-2.422) Reference 1
Yes 235 <0.001 0.007 1.261 (1.067-1.491)
Brain metastasis
No 3163 Reference 3.183 (2.046-4.954) Reference 1
Yes 25 <0.001 0.647 0.897 (0.564-1.428)
Lung metastasis
No 2944 Reference 2.506 (2.147-2.926) Reference 1
Yes 244 <0.001 <0.001 1.483 (1.260-1.745)
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Table S2 Demographic and disease factors in all primary iNEN patients with liver metastasis - univariate and multivariate Cox regression results

Overall survival

Patients

Variables (n=1590) Univariate HR (95% Cl) Multivariate HR (95% CI)
P value P value

Gender

Female 773 Reference 1

Male 817 0.086 1.139 (0.982-1.321)
Age, years

Average, range 61.2, 14-95 <0.001 1.035 (1.028-1.041) <0.001 1.033 (1.027-1.040)
Grade

Well 597 Reference Reference 1

Moderate 212 0.051 1.386 (0.999-1.922) 0.095 1.323 (0.953-1.838)

Poor or undifferentiated 347 <0.001 11.312 (9.049-14.141) <0.001 4.886 (3.737-6.388)

Unknown 434 <0.001 3.663 (2.933-4.574) <0.001 2.489 (1.955-3.169)
Functional type

Carcinoid tumor 726 Reference 1 Reference 1

Non- carcinoid tumor 45 <0.001 6.246 (4.372-8.922) <0.001 2.138 (1.461-3.128)

Unspecified neuroendocrine tumor 819 <0.001 2.789 (2.350-3.309) <0.001 1.722 (1.427-2.078)
Site

Colorectum and anus 625 Reference 1 Reference 1

Appendix 22 0.008 0.409 (0.211-0.791) 0.120 0.586 (0.299-1.150)

Small intestine 943 <0.001 0.201 (0.171-0.235) <0.001 0.357 (0.294-0.434)
Surgery

No 633 Reference 1 Reference 1

Yes 947 <0.001 0.307 (0.263-0.357) <0.001 0.619 (0.519-0.738)

Unknown 10 1.000 1.000 (0.497-2.014) 0.655 1.174 (0.580-2.377)
Radiotherapy

No 1492 Reference 1 Reference 1

Yes 98 0.002 1.531 (1.170-2.003) 0.867 1.024 (0.774-1.355)
Chemotherapy

No 1117 Reference 1 Reference 1

Yes 473 <0.001 1.908 (1.641-2.219) 0.004 0.759 (0.630-0.915)
Bone metastasis

No 1490 Reference 1 Reference 1

Yes 100 <0.001 2.587 (2.023-3.308) 0.717 0.953 (0.733-1.238)
Brain metastasis

No 1579 Reference 1 Reference 1

Yes 11 0.001 3.304 (1.643-6.644) 0.691 1.160 (0.558-2.408)
Lung metastasis

No 1477 Reference 1 Reference 1

Yes 113 <0.001 2.604 (2.065-3.285) 0.052 1.273 (0.998-1.624)
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Table S3 Demographic and disease factors in all primary pNEN patients with liver metastasis - univariate and multivariate Cox regression results

Overall survival

Variables Patients vari ivari
(n=1427) Univariate P HR (95% CI) Multivariate HR (95% CI)
value P value
Gender
Female 604 Reference 1
Male 823 0.243 1.087 (0.945-1.251)
Age, years
Average, range 60.2 (4-97) <0.001 1.029 (1.023-1.035) <0.001 1.022 (1.016-1.028)
Grade
Well 282 Reference Reference 1
Moderate 166 0.572 1.099 (0.793-1.523) 0.986 0.997 (0.719-1.383)
Poor or undifferentiated 189 <0.001 3.881 (2.991-5.036) <0.001 2.630 (2.010-3.441)
Unknown 790 <0.001 2.694 (2.163-3.355) <0.001 1.631 (1.297-2.051)
Functional type
Carcinoid tumor 358 Reference 1 Reference 1
Non- carcinoid tumor 38 <0.001 3.134 (2.064-4.760) <0.001 2.608 (1.710-3.978)
Unspecified neuroendocrine 1031 <0.001 2.183 (1.774-2.687) <0.001 1.720 (1.392-2.126)
tumor
Surgery
No 1182 Reference 1 Reference
Yes 232 <0.001 0.231 (0.176-0.305) <0.001 0.319 (0.239-0.427)
Unknown 13 0.139 0.545 (0.244-1.217) 0.602 0.807 (0.360-1.807)
Radiotherapy
No 1331 Reference 1
Yes 96 0.471 1.105 (0.842-1.450)
Chemotherapy
No 682 Reference 1
Yes 745 0.518 1.047 (0.911-1.203)
Bone metastasis
No 1310 Reference 1 Reference 1
Yes 117 <0.001 1.690 (1.346-2.122) 0.018 1.329 (1.050-1.683)
Brain metastasis
No 1418 Reference 1 Reference 1
Yes 9 <0.001 4.141 (2.057-8.338) 0.111 1.817 (0.872-3.785)
Lung metastasis
No 1315 Reference 1 Reference 1
Yes 112 <0.001 2.661 (2.124-3.333) <0.001 1.798 (1.421-2.273)
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Table S4 Demographic and disease factors in all primary gNEN patients with liver metastasis - univariate and multivariate Cox regression results

Overall survival

Variables Patients vari vari
(n=171) Univariate HR (95% CI) Multivariate HR (95% CI)
P value P value
Gender
Female 67 Reference 1
Male 104 0.167 1.291 (0.899-1.854)
Age, years Reference
Average, range 64.3, 14-96 <0.001 1.025 (1.012-1.038) 0.001 1.023 (1.010-1.036)
Grade
Well 27 Reference 1 Reference 1
Moderate 16 0.516 1.369 (0.531-3.534) 0.407 1.499 (0.576-3.907)
Poor or undifferentiated 85 <0.001 4.325 (2.278-8.209) 0.001 3.354 (1.694-6.642)
Unknown 43 0.009 2.487 (1.252-4.938) 0.089 1.863 (0.909-3.821)
Functional type
Carcinoid tumor 41 Reference 1
Non- carcinoid tumor 5 0.556 1.442 (0.426-4.880)
Unspecified neuroendocrine tumor 125 0.001 2.230 (1.366-3.641)
Surgery
No 144 Reference 1 Reference 1
Yes 25 <0.001 0.308 (0.164-0.576) 0.013 0.419 (0.211-0.832)
Unknown 2 0.271 0.330 (0.046-2.372) 0.196 0.271 (0.037-1.962)
Radiotherapy
No 152 Reference 1
Yes 19 0.187 1.419 (0.843-2.387)
Chemotherapy
No 89 Reference 1
Yes 82 0.461 0.876 (0.616-1.246)
Bone metastasis
No 153 Reference 1
Yes 18 0.453 1.238 (0.709-2.165)
Brain metastasis
No 166 Reference 1
Yes 5 0.658 1.253 (0.461-3.402)
Lung metastasis
No 152 Reference 1
Yes 19 0.317 1.318 (0.767-2.262)
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