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Abstract

Background: Neuroendocrine neoplasm is a rare solid tumor. Metastatic pattern of
the gastrointestinal neuroendocrine neoplasm (GI-NEN) has not been fully explored.
Methods: Data were obtained from the Surveillance, Epidemiology, and End Results
(SEER) database (SEER-9 registry) from 1973 to 2015. Incidence was estimated by
Joinpoint regression analyses. Data with additional treatment fields of GI-NEN were
extracted from the SEER-18 registry from 1 January 2010 to 31 December 2015. A
total of 14 685 GI-NEN patients were included in this study. Statistical analyses were
performed with SPSS 25.0, the Intercooled Stata SE 15.0, and GraphPad Prism 7.
Results: Incidence of GI-NENs increased from 0.51 per 100 000 patients in 1973 to
6.20 per 100 000 patients in 2015. Of them, 2003 patients were stage IV GI-NEN
at the time of diagnosis, including 1459 (72.84%) patients with liver metastasis, 144
(7.19%) lung metastasis, 115 (5.74%) bone metastasis, and 27 (1.35%) brain me-
tastasis. Esophageal NEN had the highest risk of metastasis (52.68%). The median
survival for patients with liver, lung, bone, and brain metastasis was 38, 6, 9, and
2 months, respectively. The presence of lung or liver metastasis indicated higher risk
of concurrent existence of bone and brain metastasis than those without.
Conclusion: Bone and brain metastasis should be screened in the GI-NEN patients
if they had lung or liver metastasis. Findings of the current study could help clini-
cians to identify distant metastasis of GI-NENs as early as possible, and by which, to

improve survival rate of GI-NENSs.
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1 | INTRODUCTION
Neuroendocrine neoplasms (NENs) are solid tumors that
originate from neuroendocrine cells. According to the recent
population-based studies, the incidence of gastrointestinal
NENSs (GI-NENSs) has increased substantially in the past sev-
eral decades.'™ The epidemiology, diagnosis, and treatment
of NENs have been well-studied, whereas studies on the me-
tastasis of GI-NENs remain relatively scarce. Neuroendocrine
neoplasms generally grow slowly and silently, rendering pa-
tients with a relatively longer survival time. Therefore, me-
tastases have become the main reason causing cancer-related
death of NENGs.

Previous studies revealed that 13.17% of GI-NENs were
diagnosed at stage IV once metastasis was noticed.” Liver is
the most common metastatic site of GI-NENSs, followed by
the lung, bone and brain.®’ Brain metastasis from GI-NENs
is rare, and most of our knowledge on bone or brain metasta-
sis from GI-NENs come from case reports.8 Due to the lim-
itation of sample size, studies describing the epidemiology,
risk factors, and survival of metastatic GI-NENs are limited.

The Surveillance, Epidemiology, and End Results (SEER)
Program of the United States National Cancer Institute (NCI)
provided a population-based information on cancer statistics
from 1973 until now. Since 2010, data of the liver, lung, bone,
and brain metastases of various types of cancer have been
collected and available for analysis. The study was aimed to
analyze the metastatic spectrum of primary site-specific me-
tastases of GI-NENs in SEER program from 2010 to 2015,
and to search for possible risk factors of metastasis. Providing
statistical evidence for metastatic patterns of GI-NENs may
help physicians to make better decision at pretreatment eval-
uation stage.

2 | METHODS

2.1 | Study population

The SEER program of the NCI collects information on cancer
incidence and survival from population-based cancer regis-
tries of several geographic regions in the US. Available data
include patient demographics, tumor characteristics (histol-
ogy, grading, Tumor-Node-Metastasis stage), treatment and
patients' vital status. The SEER database started to release
cancer metastatic information related to the liver, lung, bone
and brain from 2010.

SEER*Stat 8.3.5 software was used to extract information
from the database.

Data from patients diagnosed with NEN of gastroin-
testinal tract from 1 January 2010 to 31 December 2015
were extracted from the SEER-18 database with additional
treatment fields. Using the International Classification of
Diseases for Oncology (ICD-03) codes, the primary sites
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were defined including the esophagus, stomach, small in-
testine, appendix, colon, rectum, and anus. Histological
types were defined by the following ICD-O-Histology/
behavior codes: 8013/3, 8153/3, 8156/3, 8240/3, 8241/3,
8242/3, 8243/3, 8244/3, 8245/3, 8246/3, 8249/3, 8574/3
(variants of neuroendocrine tumors and carcinoids). The
following SEER variables were collected: age, gender,
year of diagnosis, ethnicity, marital status, insurance sta-
tus, tumor grade and differentiation, tumor size, American
Joint Committee on Cancer (AJCC) 7th TNM stage, sur-
gery, radiotherapy, and overall survival. The GI-NEN in-
cidence data from the SEER-9 registry for the years 1973
to 2015 were also obtained, and 22 440 GI-NEN patients
were initially identified. Of them, 193 patients were ex-
cluded because of incomplete pathological diagnosis. An
additional 1545 patients were excluded due to missing sur-
vival details. In addition, multiple primary cancer patients
and cases without records of metastatic data were further
excluded (Figure 1). A final total of 14 685 patients were
identified and included in the current study.

2.2

Joinpoint regression was performed using the Joinpoint soft-
ware 4.5.0 (distributed by the Statistical Applications and
Research Branch of the National Cancer Institute, Bethesda,
MD; http://surveillance.cancer.gov/joinpoint). The percent-
age change (PC) and the annual percent change (APC) among
different tumor locations were calculated from 1973 to 2015.
Demographic, clinical information, and tumor features were
summarized with descriptive statistics. Comparisons of cat-
egorical variables among different groups were performed
using the chi-squared test. The multivariate Cox proportional
hazard model was used to assess the relative impacts of risk
factors on metastasis in patients. Kaplan-Meier survival
curves were constructed for disease-specific mortality and
compared using the log-rank test. All of statistical analyses
were conducted via SPSS 25.0 (SPSS Inc), the Intercooled
Stata SE 15.0 (Stata Corporation), and GraphPad Prism 7
(GraphPad Software). P < .05 was considered as statistically
significant. APC was considered statistically significant when
the regression line slope differed from zero at a = 0.50 level.

Statistical analysis

3 | RESULTS

31 |

GI-NEN incidence increased from 0.51 per 100 000 patients
in 1973 to 6.20 in 2015, with an APC of 19.42% (95% con-
fidence interval (CI) = 7.9% to 32.1%, P < .001) from 1983
to 1986, and 5.22% from 1986 to 2015 (95% CI = 5.1% to
5.3%, P < .001), but there was no significant change in the
incidence from 1973 to 1983 (Figure 2A).

Incidence trend
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FIGURE 1
Total of 22 440 cases of gastrointestinal neoplasms (GI-NENs) from

Flowchart of the inclusion and exclusion process.

SEER database were screened and 14 685 cases were included in the

final analysis

Incidence of different locations of GI-NENs was also
assessed (Figure 2B). The incidence of gastric NENs in-
creased significantly from 0.03 in 1973 to 0.50 in 2015, with
an APC of 9.1% (95% CI = 8.7% to 9.5%, P < .001) from
1973 to 2001 and 3.7% from 2001 to 2015 (95% CI = 3.3% to

4.1%, P < .001). The incidence of intestinal NENs increased
steadily from 0.21 in 1973 to 1.52 in 2015, with an APC of
3.5% (95% CI = 3.4% to 3.6%, P < .001). The incidence of
colonic NENs decreased from 0.37 in 1974 to 0.22 in 1982
witha —3.9% APC (95% CIl = —5.5% to —=2.2%, P < .001) and
increased from 0.22 in 1982 to 1.49 in 2015, with an APC at
4.3% (95% CI = 4.1% to 4.5%, P < .001) from 1982 to 2012
and 20.5% (95% CI = 17.0% to 24.1%, P < .001) from 2012
to 2015. For the rectal and anal NENSs, the incidence also de-
creased from 0.12 in 1973 to 0.08 in 1983 with a —5.4% APC
(95% CI = —7.8% to —3.0%, P < .001) and increased from
0.08 in 1983 to 1.45 in 2015, with an APC at 65.6% (95%
CI = 27.6% to 114.9%, P < .001) from 1983 to 1986, 6.8%
(95% CI = 6.5% to 7.1%, P < .001) from 1986 to 2007 and
1.5% (95% CI = 0.9% to 2.2%, P < .001) from 2007 to 2015.

3.2 |

The current study included 14 685 cases of GI-NEN patients,
including 7026 male patients (47.84%) and 7659 female
patients (52.16%). The median age of the study group was
57 years old. The most frequent primary sites of NENs were
the rectum (32.05%), small intestine (31.98%), and large in-
testine (24.30%). The incidence of stomach NEN (10.81%)
was relatively lower, whereas the incidence of esopha-
geal NENs (0.76%) was rare. According to American Joint
Committee on Cancer (AJCC) 7th TNM stage classification,
there were 123 (0.84%) patients at O stage, 5288 (36.01%)
patients at stage I, 1751 (11.92%) patients at stage II, 2603
(17.73%) patients at stage III, 2003 (13.64%) patients at stage
IV, and 19.86% patients were at unknown stage.

Patient characteristics

3.3 | Maetastasis of the tumors

Clinical feature of the GI-NEN patients with liver, lung, bone
and brain metastasis are presented in Table 1. Among the en-
tire cohort, 1459 (9.94%) patients were diagnosed with liver
metastasis, 144 (0.98%) patients with lung metastasis, 115
(0.78%) patients with bone metastasis, and 27 (0.18%) pa-
tients with brain metastasis. Patients who had metastasis to
either one of the four sites constituted a high proportion of
stage IV patients (74.64%).

The liver was the most frequent site of metastasis, com-
prising 72.84% of all M1 patients. Therein, solitary liver
metastases accounted for 87.25% (1273/1459) of all liver me-
tastases. Male patients and patients older than 60 years old had
a significant higher percentage of liver metastasis. The mar-
ital status and insurance status were not significantly differ-
ent between patients with or without liver metastasis. Among
different ethnic groups, the percentage of patients with liver
metastasis was highest in the Caucasian population (11.2%),
while it was low in American Indian and Asian patients
(6.5%). Esophageal NENs and colonic NENs had higher liver
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metastatic rates, while primary tumor at the stomach, duode-
num, jejunum and ileum, appendix, and rectum showed less
liver metastasis. As for tumor grading, the increase in liver
metastatic rate was accompanied with higher tumor grading
(lower level of differentiation). The increasing tumor size, T
stage or N stage, was related to higher liver metastatic rates.

Characteristics for GI-NEN patients with lung metastasis
were similar to those with liver metastasis, which also has a
modest gender bias favouring males and preference for older
patients. There was no significant difference in the incidence
of lung metastasis among patients of different ethnic back-
grounds. Esophageal NENs had a higher lung metastatic rate
than NENSs of other origin.

Analysis on the incidence of brain metastasis data revealed
that there was no significant difference among patients of dif-
ferent gender, age (>60 and younger), race, marital status, and
insurance status. Esophageal NEN patients had the highest

1984 1988 1992 1996 2000 2004 2008 2012 2016

Year of diagnosis

rate of brain metastasis (12.5%), while appendiceal NENs had
the lowest rate (0.1%). Interestingly, there was a trend toward
increasing brain metastatic rate as the tumor grade increases
from grade I to III, but it showed a decrease in grade IV NENSs.

For the patients with bone metastasis, male patients had
significantly higher rate of incidence compared with the
female patients. Median age of the patients who had bone
metastasis was 5 years older than those without. For ethnic-
ity, Caucasian patients had a higher percentage of bone me-
tastasis than other ethnic patients. Esophageal NEN patients
had the highest bone metastatic rate (4.5%), while there were
no reported cases of bone metastasis in appendiceal, jejunal,
and ileal NENSs. For the advanced T and N stage patients, the
bone metastatic rate was higher.

Among the 2003 patients who developed metastasis of the
tumor, 1305 had a specific record of single metastasis to the
liver, lung, bone or brain, 508 patients staged M1 without a
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(Continued)

TABLE 1

Bone (%)

Brain (%)

Lung (%)

Liver (%)

0

Features

Primary site

surgery
Yes

<.001

31(0.3)
84 (3.8)

<.001 12325 (99.7)

7(0.1)

20 (0.9)

<.001 12349 (99.9)

41(0.3)
101 (4.6)

12315 (99.7)

856 (6.9) <.001

590 (26.7)

11 500 (93.1)

2127 (96.2)

2191 (99.1)

2110 (95.4)

1621 (73.3)

No

Radiotherapy

<.001

7 (4.4)
108 (0.7)

<.001 151 (95.6)
14 419 (99.3)

8(5.1)
19 (0.1)

202 150 (94.9)
14 508 (99.9)

3(1.9)
141 (1.0)

155 (98.1)

14 386 (99.0)

<.001

39 (24.7)
1420 (9.8)

119 (75.3)
13 107 (90.2)

Yes

No

ZHENG ET AL

description of the metastatic site and 190 patients developed
multiple organ metastases. All of the various combinations of
these four sites of metastases are shown in Table 2. The most
common site of concurrent metastases was the liver and lung
(0.6%). Only six (0.04%) patients experienced metastases to
all four sites at the same time.

Furthermore, we compared the occurence of concurrent
metastases at the time of diagnosis among different locations.
Patients with liver metastasis were more likely to have metas-
tasis at bone (6.10% vs 0.20%, odds ratio [OR] = 32.98, 95%
CI = 21.42 to 50.78, P < .001) or brain (1.30% vs 0.06%,
OR = 21.8,95% CI = 9.85 to 47.18, P < .001) than patients
without liver metastasis. Also, patients with lung metas-
tasis also had a higher risk of metastating to bone (18.06%
vs 0.61%, OR = 35.78, 95% CI = 22.29 to 56.4, P < .001)
or brain (6.25% vs 0.12%, OR = 53.79, 95% CI = 23.74 to
120, P < .001) than the patients without lung metastasis.
Unfortunately, however, the chronological order of metasta-
sis was not recorded in the database.

34 | Survival

In this study, 1184 cancer-specific deaths (8.06%) were ob-
served. The 5-year cause-specific survival (CSS) was 87.95%
in the study cohort. The 5-year CSS was 41.14% vs 93.19%
for patients with or without liver metastasis (P < .001, Figure
3A), and 14.44% vs 88.68% for patients with or without
lung metastasis (P < .001, Figure 3B). The 3-year CSS was
20.99% vs 91.32% for patients with or without bone metas-
tasis (P < .001, Figure 3C). And the 1-year CSS was 14.20%
vs 94.74% for patients with or without brain metastasis
(P < .001, Figure 3D). The median overall survival (OS) time
for patients with liver, lung, bone, and brain metastasis was
38, 6, 9, and 2 months, respectively.

3.5 | Risk factors for GI-NENSs patients with
liver metastasis

In accordance with earlier studies, the liver was the most
common site of GI-NEN metastasis. Thus we performed
multivariate regression to further explore the risk factors in
developing liver metastasis from GI-NENs and summarized
the results in the forest plot (Figure 4). It was found that in-
creased tumor grading, larger tumor size, advanced T stage
and N1 stage could significantly increase the risk of liver me-
tastasis. In addition, esophageal, jejunal, ileac, and colonic
NENSs had higher risk of liver metastasis.

4 | DISCUSSION

In this study, pattern of the GI-NEN metastasis and the risk
factors for liver metastasis were analyzed. A significant
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Survival analyses of the GI-NEN patients with liver, lung, bone or brain metastasis. Panel A: Patients with or without liver

metastasis, P < .001. Panel B: Patients with or without lung metastasis, P < .001. Panel C: Patients with or without bone metastasis, P < .001.

Panel D: Patients with or without brain metastasis, P < .001

increase in age-adjusted incidence of GI-NENSs from 0.51 per
100 000 in 1973 to 6.20 per 100 000 in 2015 was observed.
Majority of the patients were at an advanced stage at the time
of diagnosis. Thus, a better understanding of NEN diagno-
sis and its metastatic pattern becomes even more important
for clinicians in order to make better decision at pretreatment
evaluation stage.

The current study found that metastatic rate of GI-NENs
to liver, lung, bone and brain at the time of diagnosis was
9.94%, 0.98%, 0.78%, and 0.18%, respectively, and that
patients with lung or liver metastasis had a higher risk of
co-existing bone and brain metastasis at the same time
than those without lung or liver metastasis. These findings
suggested that metastasis of GI-NEN to bone or brain be
alerted if a GI-NEN patient had liver or lung metastasis.
Findings of the current study on the metastatic patterns of
GI-NENs could provide better guidance for the clinicians
to develop an evaluation strategy of GI-NENs at the time of
diagnosis. For instance, considering cost-effects, the bone
and brain might not be screened at the time of GI-NEN
diagnosis; when the patient had liver and lung metastasis;
however, bone and brain should be examined to exclude
GI-NEN metastasis.

The current study has also explored the risk factors of
GI-NEN metastasis. NENs originating from the esophagus
had the highest rate of metastasis compared to the NENs
from other parts of gastrointestinal tract. For the liver me-
tastasis of GI-NENSs, the patients with lower differentia-
tion of GI-NENs had higher rate of liver metastasis. For
the lung, bone, and brain metastasis, however, significant

increase in metastatic rate only occurred in poorly differen-
tiated or undifferentiated NENs (Grade III and Grade 1V),
while well or moderately differentiated NENs (Grade I and
Grade II) had a much smaller metastatic rate. Caucasian pa-
tients had the highest risk of liver and bone metastasis, and
American Indian and Asian patients had the lowest possi-
bility to develop any metastasis. Increasing tumor size, T
stage and N stage, was related to the higher risk of NEN
metastasis. Insurance and marital status had no influence
on the metastasis of GI-NENs to the liver, lung, bone and
brain in the current study, although earlier reports showed
that insured patients might receive more early examination
and married patients tend to undergo earlier testing and re-
ceive more adequate treatment.”

Using the SEER database from 1973 through 2012,
Dasari and colleagues has analyzed incidence trends and sur-
vival rate.” They found that the incidence and prevalences
of neuroendocrine tumors (NET) were steadily rising and
the survival for all NETSs has improved over time, especially
for distant-stage gastrointestinal NETs and pancreatic NETS
in particular.2 However, SEER data of GI-NEN metastasis
to the liver, bone, brain and lung were not available until
2010. Here, we further extracted data from SEER-18 da-
tabase from 1 January 2010 to 31 December 2015 for the
patients diagnosed with GI-NEN, and particularly analyzed
data of metastasis to liver, lung, bone, and brain. We found
that incidence of GI-NENs increased from 0.51 per 100 000
patients in 1973 to 6.20 per 100 000 patients in 2015, and
that 72.84%(1459/2003) patients had liver metastasis, 7.19%
(144/2003) had lung metastasis, 5.74% (115/2003) had bone
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metastasis, and 1.35% (27/2003) had brain metastasis. The
rising of incidence of GI-NENs and its metastisis could be
associated with newly developed imaging systems such as
Ga®® DOTATATE PET, which appears to be more sensitive
in detecting distant metastasis.'” !

To the best of our knowledge, this is the first SEER-based
study focusing on the metastatic patterns, risk factors of me-
tastasis in GI-NEN patients with the longest follow-up time.
However, there were some limitations. First of all, chemother-
apy information, which was an important treatment related to
survival, was not available in the database. Second, we only
had the metastasis information at the time of diagnosis. Some
patients might have developed metachronous metastatic le-
sions, which might lead to an undervalue of metastatic status.
Third, distant metastasis data were not available earlier than
2010 in SEER database, which limited the analysis on the
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outcomes of GI-NEN patients survival and prognosis after
the treatment. Fourth, impact of newer agents in overall treat-
ment was unable to analyze in this study because we could
not obtain the data of targeted chemotherapy from the da-
tabase. Finally, we could not analyze the impact of surgery,
chemotherapy, or radiotherapy on the survival of the NENs
because the number of patients who received radiotherapy
or chemotherapy with or without surgery was unclear in the
database (category of “unknown” patients in the database).

5 | CONCLUSIONS
This population-based study, which was based on the SEER
database, provided evidence of increasing incidence of GI-
NENSs and identified the risk factors of GI-NEN metastasis to



7298 .
—I—WI EY—Cancer Medicine _

ZHENG ET AL

the liver, lung, bone, or brain. While liver was the most com-
mon site of GI-NEN metastasis, patients with liver metasta-
sis had relatively better prognosis. In contrast, patients with
brain, bone, and lung metastasis of GI-NENs had poor prog-
nosis. GI-NEN patients were very likely to have bone and
brain metastasis if they had lung or liver metastasis. Findings
of the current study could help clinicians to identify distant
metastasis of GI-NENs as early as possible, and by which, to
improve the survival rate of GI-NENs.
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