Received: 25 April 2018

Accepted: 22 June 2018

DOI: 10.1002/cam4.1683

ORIGINAL RESEARCH

WILEY Cancer Medicine

Clinicopathological features and prognosis of patients with
gastric neuroendocrine tumors: A population-based study

Fang-Xi T jan'

| Yu-Qing Cai’® | Lv-Ping Zhuang” | Ming-Fang Chen® |

Zhong-Biao Xiu® | YiZhang® | HongLiu® | Zhi-Hong Liu* | Guo-Ping Liu* |
Chen Zeng! | Fei-Ling Lin* | JingLiv® | Si-Ting Huang'? |
Liang-Zhi Zhang’ | Hua-Yang Lin™®

'Department of Gastric Surgery, Fujian Medical University Union Hospital, Fuzhou, China

2Fujian Medical University Union Hospital, Fuzhou, China

3Zhejiang University School of Medicine, Hangzhou, China

4Fujian University of Traditional Chinese Medicine, Fuzhou, China

The Studio of Acupotomology, The Affiliated People’s Hospital of Fujian University of Traditional Chinese Medicine, Fuzhou, China

6Department of Anesthesiology, The Affiliated People’s Hospital of Fujian University of Traditional Chinese Medicine, Fuzhou, China

Correspondence: Fang-Xi Tian,
Department of Gastric Surgery, Fujian
Medical University Union Hospital,

No. 29 Xinquan Road, Fuzhou 350001,
Fujian Province, China (553471640@
qq.com); Hua-Yang Lin, Department

of Anesthesiology, The Studio of
Acupotomology, The Affiliated People’s
Hospital of Fujian University of Traditional
Chinese Medicine, 602 Ba’yi’qi Middle
Road, Fuzhou 350004, Fujian Province,
China (814685690@qq.com).

Funding information

This study was supported by grants from
Fujian province medical innovation funding
project of China (No: 2014-CX-31) and the
National Key Clinical Specialty Discipline
Construction Program of China (No.
[2013]544).

Abstract

Background: Despite its rarity, studies have shown the incidence of gastric neuroen-
docrine tumors (G-NETSs) is increasing. This study investigated the risk factors af-
fecting the survival of G-NETs patients and their prognosis over time.

Method: A retrospective analysis of 506 G-NETs patients who underwent surgery
for nonmetastatic disease from the Surveillance, Epidemiology and End Result data-
base from 1988 to 2011 was conducted. Multivariate Cox regression analyses identi-
fied the prognostic factors affecting overall survival (OS) and disease-specific
survival (DSS). Three-year conditional survival (COS3 and CDS3) estimates at “x”
year after treatment were calculated as follows: COS3 = OS(x + 3)/OS(x) and
CDS3 = DSS(x + 3)/DSS(x).

Results: The 1-, 3-, and 5-year OS rates of all patients after surgery were 90.2%,
77.3%, and 68.8%, respectively. The 1-, 3-, and 5-year DSS rates after surgery were
93.9%, 84.5%, and 80.9%, respectively. In the multivariate analysis, age, tumor
grade, and T stage were independent prognostic factors of OS and DSS (all P < 0.05).
With 1-, 3-, and 5-year survivorship, the COS3 improved by +5.2 (82.2%), +7.2
(84.4%), and +8.5 (85.5%), respectively, and the CDS3 improved by +4.4 (89.4%),
+9.1 (94.1%), and +12.5 (97.5%), respectively. Notably, the CDS3 improved dra-
matically among patients with advanced stage disease (eg, NO stage: 93.0%-98.9%,
A5.9% vs N1 stage: 52.0%-95.7%, A43.7%).
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1 | INTRODUCTION

Neuroendocrine tumors (NETs) are a type of tumor derived
from the diffuse neuroendocrine system, and they account
for 1%-2% of malignant tumors.' Gastric neuroendocrine tu-
mors (G-NETs) are rare, with prevalences of 3.2 and 1.7 per
100 000 people in European countries and the United States,
respectively.2

Based on the current epidemiological data, the worldwide
incidence of NETs has seemed to increase.”> The greatest
increase in incidence occurred for gastric and rectal NETs.%7
The rising incidence of G-NETs over time may be attributed
to factors such as increased clinical and pathological experi-
ence in diagnosing this disease, heightened physician aware-
ness, and increased endoscopic surveillance.®’

Given their rarity and increasing prevalence, understand-
ing the natural history and long-term outcomes of G-NETs is
essential for clinicians so that they may best supervise their
patients. However, due to significant differences in the bio-
logical characteristics, our knowledge of G-NETs is still very
limited. In addition to an early diagnosis, an important and ef-
fective component of proper management is the identification
of prognostic factors in patients with G-NETs. The European
Neuroendocrine Tumor Society (ENETS) TNM staging sys-
tem,'® which accounts for invasion depth, lymph node sta-
tus, and metastases, is one of the most important prognostic
factors in patients with G-NETs. However, owing to its low
incidence, research on the clinicopathological features and
prognosis of patients with G-NETs is lacking.

Conditional survival (CS) estimates may be a more use-
ful way to predict long-term prognosis than conventional
survival estimates, given that survival probabilities can
change significantly when accounting for time elapsed after
treatments.''”'® This concept has been confirmed in various
cancers, including lung cancer, thyroid cancer, gastric can-
cer, colorectal cancer, and pancreatic carcinoma.'>'® To our
knowledge, there has been no previous study assessing CS
among patients with G-NETs.

Therefore, we aimed to identify the prognostic factors of
overall survival (OS) and disease-specific survival (DSS)
among patients with G-NETs in a large population-based
database. Moreover, we also assessed the prognosis of

Conclusion: For G-NETs patients, age, tumor grade, T stage, and N stage were the
clinicopathological factors significantly associated with prognosis. There were excel-
lent outcomes for most G-NETs patients, with a CDS3 of greater than 90% across all

independent prognostic factors after 5 years of survival.

conditional survival, dynamics, gastric neuroendocrine tumor, prognosis

surgically resected G-NETs patients with prolonged survival
times.

2 | METHODS

2.1 | Patient population and data collection

As a population-based cancer registry that collects cancer
incidence and survival data from 18 regional population-
based registries, the Surveillance, Epidemiology and End
Result (SEER) database covers approximately 27.8% of the
US population (based on the 2010 census).'” The Site and
Morphology of Collaborative Stage Data Collection System
(CS Schema v0204+) was used to identify GEP-NET cases.'®
The code of NETStomach was used for the identification of
the histological type and tumor location of G-NETs. We in-
cluded patients who underwent surgical resection from the
SEER database from 1988 to 2011 based on the following
characteristics: microscopic confirmation of the tumor, the
presence of single primary tumor, the availability of complete
staging information, and survival for more than 1 month. The
selection scheme using the SEER database is shown in Figure
S1.

Sociodemographic and clinicopathologic data were rou-
tinely obtained. The tumor sites were grouped into four sub-
sites as follows: proximal third (C16.0 and C16.1); middle
and distal third (C16.2, C16.3, and C16.4); stomach, not
otherwise specified (NOS) (C16.5, C16.6, and C16.9); and
overlapping (C16.8). We set the size (the longest diameter) of
20 mm as a segmentation point based on the NCCN Clinical
Practice Guidelines." Notably, the SEER grading system
classifying tumors into well differentiated (SEER grade 1),
moderately differentiated (SEER grade 2), poorly differenti-
ated (SEER grade 3), and undifferentiated/anaplastic (SEER
grade 4) relies on histologic differentiation, which is different
from the 2010 WHO grading nomenclature. Therefore, we
combined SEER grade 3 and 4 data into “grade 3 neuroendo-
crine carcinomas,” as previously reported.l’zo’21 T stage and
N stage were classified according to the criteria described in
the ENETS consensus.'® Socioeconomic status data (based
on the 2010 census) were collected, including the percentage
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of people with less than high school education, percentage of
families in poverty, percentage of unemployed people, per-
centage of foreign-born people, percentage of families in lan-
guage isolation, and median household income. Patients in
the study cohort were divided into two categories separated
by the median value for each of these attributes (Table S1).

22 |

The cause of death for SEER cohorts was defined using the
SEER cause of death codes.”*? Deaths from G-NETs were
coded as disease-specific mortality.

The association of relevant clinicopathologic variables
with OS and DSS was assessed using a Cox proportional
hazards model. Variables that were statistically significant
in univariable analysis (P < 0.05) were retained in the multi-
variable model.

The CS is originally derived from conditional probability
in biostatistics, and it can be calculated using the life-table
method."” The CS3 at x years means the probability of an
additional 3 years of survivorship in a patient who has al-
ready survived for x years after the initial treatments, and it is
calculated as follows: CS3 = S(x + 3)/S(x)."!

In the current study, the data of OS and disease-specific
survival were used to calculate 3-year conditional overall
survival (COS3) and 3-year conditional disease-specific sur-
vival (CDS3), respectively. Moreover, significant variables
correlated with survival time in the Cox proportional hazards
model were used for the COS3 and CDS3 calculations. The
difference in CS among groups was compared via the stan-
dardized differences (d) method, which was first described
by Cucchetti et al*> and has been subsequently employed by
several groups.z“’25 The d value was calculated as follows:
d= (P2 - Pl)/\/[P(l — P)]. ldl < 0.1 indicates very small
differences among groups, 0.1 < Idl<0.3 indicates small dif-
ferences, 0.3 < |dI<0.5 indicates moderate differences, and
IdI>0.5 indicates clear differences.

Categorical data were summarized with frequencies and
percentages. All the data were processed using SPSS 19.0
(SPSS Inc. Chicago, IL, USA) and R software (version 3.4.3)
(https://cran.r-project.org/). All the tests were two-sided with
the significance level set to P < 0.05.

Statistical methods

3 | RESULTS
3.1 | Demographic and clinicopathologic
characteristics

This retrospective study included 506 patients with G-NETs
who had detailed clinicopathological data. The mean age of
the study population was 60 + 13.8 years, and 54.9% of the
patients were female. Most of patients were non-Spanish-
Hispanic-Latino (81.0%). According to the pathological
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findings, the number of patients with high-grade tumors was
4 times as large as the number of those with low-grade tumors
(G1-G2: n =399, 78.9% vs G3: n =107, 21.1%). Based on
the ENETS staging system, 24.3% of patients had advanced
T stage disease (T3-T4: n = 123), and 20.6% of patients were
found to have lymph node metastasis (N1: n = 104). Of the
506 patients, 12.3% received chemotherapy, and only 6.3%
of patients received radiation.

3.2 | Actual OS and DSS

After a median follow-up of 64.0 months (1-235 months),
177 (35.0%) patients died, including 52% (n = 92) who died
of disease-specific causes. The 1-, 3-, and 5- year OS rates
of all patients after surgery were 90.2%, 77.3%, and 68.8%,
respectively (Table 1). The 1-, 3-, and 5- year DSS rates after
surgery were 93.9%, 84.5%, and 80.9%, respectively (Table
S3). Univariate analysis showed that several factors were re-
lated to OS (Table S2), including age, sex, ethnicity, tumor
size, tumor site, tumor grade, T stage, N stage, and use of
chemotherapy and radiation (all P < 0.05). Meanwhile, all
the above factors were also related to DSS in univariate anal-
ysis (all P < 0.05). After adjusting for confounding factors
(Table 2), older age (age > 65 vs < 65, HR =3.41, 95% CI:
2.48-4.70; P < 0.001), high-grade (G3 vs G1-G2, HR = 2.62,
95% CI: 1.75-3.93; P <0.001), advanced T stage (T3-T4
vs Tis-T2, HR = 1.52, 95% CI: 1.02-2.24; P = 0.038), and
lymph node metastasis (N1 vs NO, HR = 1.44, 95% CI: 1.01-
2.07; P=0.011) were independent risk factors for OS in
multivariate analysis. Furthermore, the above factors were
also independently associated with DSS (Figure 1). The
changes in the actual OS and DSS of each independent prog-
nostic factor within 8 years after surgery are shown in Tables
S3 and S4.

33 |

The Figure 2A shows the change in annual COS3 and ac-
tual OS within 5 years for all patients after surgery. The
actual 3-year OS rates were equal to the COS3 at the base-
line. The COS3 improved with increasing survival time
after surgery, while the actual OS had a downward trend.
Given 1-, 3-, and 5-year survivorship, the COS3 improved
by +5.2 (82.2%), +7.2 (84.4%), and +8.5 (85.5%), respec-
tively. The effects of the prognostic factors on the actual
and conditional OS were assessed by the subgroup analy-
sis of the patients. (Figure 3). According to the stratified
analysis of each subgroup, the gap between the actual OS
and COS3 became increasingly significant for patients
with relatively poor initial prognoses. For example, the
8-year OS among patients with low-grade (G3) tumors
was only 19.6%, and the COS3 after 5 years of survival
reached 94.6% (A52.6%). However, the 8-year actual OS

COS and comparison with actual OS
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No. of No. of T%ll.)le 1. Soc%odem‘ographic and '
Variable patients % Variable patients % chmcopatholloglc Varlables' of gastric
neuroendocrine tumors patients (n = 506)
Demographic Tumor presentation
Agey Primary site
Mean + SD 60.0 + 13.8 Proximal 101 20.0
<65 309 61.1 Middle and distal 194 38.3
>65 197 389 Overlapping 20 4.0
lesions
Sex Stomach, NOS 191 37.7
Female 278 54.9 Size, mm
Male 228 45.1 <20 288 56.9
Race >20 139 27.5
White 399 78.9  Unknown 79 15.6
Black 66 13.0  Grade
Others 34 6.7 G1-G2 399 78.9
Unknown 7 1.4 G3 107 21.1
Ethnicity ENETS T stage
Spanish-Hispanic- 96 19.0 Tis-T2 383 75.7
Latino
Non-Spanish- 410 81.0 T3-T4 123 24.3
Hispanic-Latino
Socioeconomic ENETS N stage
Marital status NO 402 79.4
Unmarried 183 36.2 N1 104 20.6
Married 294 58.1  ENETS staging
Unknown 29 5.7 0 68 13.4
Education I 162 32.0
Advantaged 247 48.8  Treatment
Disadvantaged 259 51.2  Chemotherapy
Poverty No 444 87.7
Advantaged 253 50.0 Yes 62 12.3
Disadvantaged 253 50.0  Radiation
Unemployment No 474 93.7
Advantaged 259 51.2 Yes 32 6.3
Disadvantaged 247 48.8
Family income
Advantaged 252 49.8
Disadvantaged 254 50.2
Foreign-born
Advantaged 251 49.6
Disadvantaged 255 50.4
Language isolation
Advantaged 251 49.6
Disadvantaged 255 50.4

ENETS, The European Neuroendocrine Tumor Society; NOS, not otherwise specified; SD, standard deviation;
Unmarried, single (never married), separated divorced, widowed, unmarried or domestic partner (same sex or
opposite sex or unregistered); Y, year.
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Table 2. Multivariate analysis of
prognostic factors of overall survival and
disease-specific survival for gastric

neuroendocrine tumor patients X
Variable

Age,y
<65
>65
Sex
Female
Male
Primary site
Proximal

Middle and
Distal

Overlapping
lesions

Stomach, NOS
Size, mm

<20

>20
Unknown
Grade

G1-G2

G3
ENETS T stage

Tis-T2

T3-T4
ENETS N stage

NO

N1
Chemotherapy

No

Yes
Radiation

No

Yes

. 5363
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Overall survival Disease-specific survival

Multivariate model Multivariate model

HR 95% CI P HR 95% CI P
<0.001 <0.001
Ref. Ref.
341  2.48-4.70 <0.001 2.24 1.45-3.48 <0.001
0.114 0.760
Ref. Ref.
1.29  0.94-1.76 0.114 1.07 0.69-1.67 0.760
0.525 0.272
Ref. Ref.
0.76  0.51-1.14 0.183 0.73 0.43-1.30 0.256
0.79  0.37-1.69 0.549 0.97 0.40-2.37 0.943
0.76  0.51-1.14 0.186 0.59 0.35-1.02 0.059
0.284 0.646
Ref. Ref.
1.27  0.84-1.92 0.257 1.32 0.67-2.57 0.421
141 0.91-2.20 0.124 1.40 0.67-2.92 0.369
<0.001 <0.001
Ref. Ref.
262  1.75-3.93 <0.001 591 3.14-11.13  <0.001
0.038 0.002
Ref. Ref.
1.52  1.02-2.24 0.038 2.56 1.41-4.65 0.002
0.450 0.006
Ref. Ref.
144 1.01-2.07 0.450 1.98 1.22-3.22 0.006
0.635 0.473
Ref. Ref.
1.13  0.68-1.87 0.635 1.22 0.71-2.13 0.473
0.484 0.427
Ref. Ref.
122 0.70-2.11 0.484 1.26 0.71-2.24 0.427

ENETS, The European Neuroendocrine Tumor Society; NOS, not otherwise specified; y, year.

for patients with high-grade (G1-G2) tumors was 70.5%,
and the COS3 at 5 years was 87.8% (A17.3%). We also
found that except for age, the differences in COS3 between
the strata of each subgroup decreased over time (Table 3).
For example, the differences in COS3 between T3-4 stage
and Tis-T2 stage decreased from clear differences (Idl at
the baseline = 0.88) at the baseline to moderate differences
(Idl at 3 years = 0.36) at 3 years and small differences (Id!
at 5 years = (0.28) at 5 years after surgery.

3.4 | CDS and comparison with actual DSS

The Figure 2B shows the change in the annual actual DSS
and CDS3 within 5 years of all patients after surgery. Similar
to the trend in COS3, the CDS3 improved with increasing
survival time after surgery. With 1-, 3-, and 5-year survi-
vorship, the 3-year CDS rates improved by +4.4 (89.4%),
+9.1 (94.1%), and +12.5 (97.5%), respectively. Moreover,
in contrast to the COS3, the CDS3 of all the patients with
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Figure 1. Kaplan-Meier survival curve of overall survival (A) and

disease-specific survival (B) for the entire cohort

G-NETs was more than 90% after 2 years of survival (CDS3
at 2 years = 94.2%). The actual DSS and CDS3 of each
prognostic factor at different time points are presented in
Figure 4. Notably, for the patients with poorer initial progno-
sis, the gap between the actual DSS and CDS3 also become
increasingly significant. For example, the 8-year DSS among
patients with low-grade (G3) tumors was only 29.9%, and
the CDS3 after 5 years of survival reached 96.8% (A66.9%).
Nevertheless, the 8-year actual DSS for patients with high-
grade (G1-G2) tumors was 93.2%, and the CDS3 at 5 years
was 97.9% (A4.7%). We also found that when age was in-
cluded, the differences in CDS3 between the strata of all
subgroups decreased with time. For example, the d value
of CDS3 between the elderly and the young decreased from
0.41 (moderate difference) at the baseline to 0.30 (moderate
difference) at 3 years and 0.24 (small difference) at 5 years
after surgery.

4 | DISCUSSION

G-NETs are rare and account for 0.3%-1.8% of all gastric can-
cers.”® However, the incidence of NETSs of the stomach has
increased in recent years.z’5 According to the latest American
epidemiological survey, there was a 15-fold increase in the
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Figure 2. A, Conditional overall survival relative to actual overall
survival; B, Conditional disease-free survival relative to actual disease-
free survival

incidence of G-NETSs from 1973 to 2012. However, limited
data are available on the clinicopathological features and
long-term outcomes of patients treated for these tumors.

In our large population-based study of patient with sur-
gically resected G-NETs, we found that age, tumor grade,
T stage, and N stage were independent prognostic factors
affecting OS and DSS (all P < 0.05) in the multivariate
analysis after adjusting for confounding factors. A previous
study demonstrated that there are significant differences in
the biological behavior and survival of different histologi-
cal types of G-NETs. The G-NETs with poor differentiation
(G3) are more aggressive tumors and have poorer prognoses
than well-differentiated (G1-G2) tumors.?”*® The present
study confirmed the finding that the actual OS of patients
with G3 tumors was worse than the OS of patients with
well-differentiated (G1-G2) tumors. For example, the 5-year
actual OS of patients with well-differentiated tumors was
80.4%, which was nearly 4 times the OS of patients with G3
tumors 5 years after surgery. Specifically, the DSS of pa-
tients with G3 tumors was significantly poorer than that of
patients with well-differentiated tumors. The 5-year actual
DSS of patients with G1-G2 tumors (94.7%) was two times
greater than that of patients with G3 tumors (31.5%). The
ENETS first proposed the staging of G-NETs according to
the TNM system in 2006. The study confirmed that both T
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Figure 3. Actual overall survival stratified by: (A) age, (C) tumor grade, (E) ENETSs T stage, and (G) ENETs N stage vs conditional overall
survival relative to actual survival stratified by: (B) age, (D) tumor grade, (F) ENETs T stage, and (H) ENETs N stage
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Table 3. Three-year conditional survival rates of patients with gastric neuroendocrine tumors in relation to prognostic factors
COS3 CDS3
Years since diagnosis Years since diagnosis
Characteristic Baseline 1 2 3 4 5 Baseline 1 2 3 4 5
Overall 77.0% 82.2% 852% 84.4%  85.1% 855% 85.0% 89.4%  942%  94.1% 94.0% 97.5%
Age,y
<65 87.4% 89.9% 92.1% 91.6% 91.5% 954% 90.0% 928% 97.8% 96.7% 95.6%  96.6%
>65 61.7% 67.6% 71.2% 672% 699% 638% 75.0% 83.1% 859% 89.3% 90.5%  100.0%
d(<65 vs >65) 0.62 0.57 0.57 0.64 0.58 0.84 0.41 0.31 0.47 0.30 0.20 -0.24
Grade
G1-G2 89.0% 89.3% 87.2% 85.5% 86.6% 87.8% 97.0% 98.0% 96.9% 96.9%  959% 97.9%
G3 34.3% 44.7% 69.4% 71.3% 72.8% 122%  38.0% 493%  73.8%  789%  833%  96.8%
d(G1-G2 vs G3) 1.31 1.11 0.48 0.37 0.37 0.43 1.63 1.48 0.85 0.71 0.50 0.07
ENETS T stage
Tis-T2 86.4% 87.3% 87.4% 86.4% 88.5% 874%  95.0% 96.0% 96.9%  97.9% 97.9%  100.0%
T3-T4 49.4% 61.3% 75.6% 72.8% 69.7% 11.4% 52.0% 64.6% 804% 82.7% 80.4% 91.1%
d(Tis-T2 vs 0.88 066 033 0.36 0.51 0.28 1.19 0.98 0.64 0.65 0.72 0.61
T3-T4)
ENETS N stage
NO 85.0% 86.0% 86.0% 84.4% 857% 86.5%  93.0% 94.9%  957%  95.7%  957%  98.9%
N1 47.9% 61.4% 80.1% 80.1% 80.4% 803% 52.0% 66.2% 855% 86.5% 882%  95.7%
d(NO vs N1) 0.89 0.63 0.16 0.12 0.15 0.17 1.14 0.92 0.42 0.38 0.32 0.24

CDS3, 3-year conditional disease-specific survival; COS3, 3-year conditional overall survival; ENETS, The European Neuroendocrine Tumor Society; y, year.

stage and N stage are significant factors affecting OS and
DSS.

Survival statistics is significantly useful for clinicians
in monitoring patients and determining patient prognosis.
Usually, the analysis of prognostic factors is on the basis of
the traditional survival estimates from previous studies.?®?
However, several studies have demonstrated that the risk of
death in cancer patients decreases with prolonged postoper-
ative survival time.**>? It would be inappropriate to estimate
the prognosis of patients who have survived for a period of
time after surgery based on the OS and DSS, neglecting the
dynamic change in prognosis, as this may cause excessive
surveillance. In the CS estimates, “accrued” survival time is
considered. Furthermore, using the CS estimate, the clinician
can provide clinically relevant survival assessments for pa-
tients who have returned to the clinic after their operation
inquiring about further prognosis. Our findings demonstrate
that not only the OS but also the DSS of G-NETs change
dynamically over time after surgery. There is no doubt that
the current study is significant. To our knowledge, this study
is the first to define COS and CDS after curative surgery for
G-NETs in a large number of patients.

In the present study, we highlighted several points. No
matter how long the survival time, the prognosis of patients

improved gradually with each additional year survived after
the operation. The results of this study suggest that contrary
to the downward trend of the traditional actual OS and DSS,
the COS3 and CDS3 improve with increasing survival time
after surgery. Specifically, in terms of the DSS, the CDS3
after an additional 2 years of survival in all patients with
G-NETs exceeded 90%, which means that these patients
possess a better cancer-specific life expectancy. Moreover,
there is a large difference between CDS and actual DSS esti-
mates among patients initially predicted to have the poorest
prognosis. From these survival statistics, we conclude that
the effect of these risk factors may decrease over time after
surgery. Furthermore, the current data provide more accurate
prognostic information for patients who have survived for a
period of time after the resection of G-NETSs. Interestingly,
data from the current study noted that there is a continuous
difference in the hazard risk of COS3 (d: 0.62-0.84) in elderly
patients (>65 years) comparing with their younger counter-
parts (age < 65 years) with increasing survival time, while
the effect of other prognostic factors of COS3 decreased over
time. These observations are identical to the hypothesis of the
“natural selection effect” first proposed by Zamboni et al.®
The author described that most patients with a high risk of
malignancy will die soon after surgery and that this gradual
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death of high-risk patients facilitates the natural selection
of low-risk patients, making the prognosis of the rest of the
patients more favorable. It is helpful for G-NETs survivors,
especially those with initially poor prognosis, to understand
the possibility of continued survival over time to ease their
anxiety and improve their quality of life.>*3 Therefore, more
valuable information for follow-up strategies could be ob-
tained through the CS assessment.

According to the guidelines from the North American
Neuroendocrine Tumor Society, the ENETS and the National
Comprehensive Cancer Network, a medical history, a physi-
cal examination, and an assessment of tumor markers should
be included during the 10-year surveillance. Additionally,
imaging examinations such as computed tomography, mag-
netic resonance imaging, and endoscopic procedures should
be included when possible.lg’%’37 It is well known that there
is almost no increase in the CDS3 of all patients after 5 years,
even for the patients with the most unfavorable prognosis at
the time of surgery, such as those with T3-T4 stage (CDS3
at 5 years = 91.1%) or N1 stage (CDS3 at 5 years = 95.7%).
Early detection of the recurrence of disease is essential for
continued treatment. However, the prolongation of surveil-
lance and repeated procedures is burdensome for patients to
some extent. To seek more reasonable and effective monitor-
ing programs, there is a need for more stringent long-term
follow-up prospective studies in the future.

It is difficult to gather large numbers of patients who
have a rare tumor with sufficient clinical data. We must
admit that our study had several limitations. Based on the
SEER database, researchers are provided a unique chance to
test the hitherto untested medical hypotheses on an unprece-
dented amount of patient data. However, there is a potential
limitation of this database such as missing dates and mis-
reporting due to the evolving definition of G-NETs. Such
limitations may lead to potential selection bias. To ensure
the validity of the follow-up, patients with detailed infor-
mation were selected for the analysis. Moreover, the grade
of tumor was defined based on the differentiation of the
tumor in the SEER database, regardless of the Ki-67 index, a
marker of cellular proliferation, and the mitotic index, which
is important for the grading of tumors. Therefore, we could
not assign tumor grades to the tumors of the patients in our
cohort. Nevertheless, the World Health Organization recom-
mended dividing G-NETs into G1, G2, and G3 on the basis
of differentiation, which has been shown to have prognos-
tic significance independent of tumor stage.38 In addition,
other endpoints besides death, such as time to recurrence
and disease-free survival, were not analyzed because of the
absence of disease recurrence data in the SEER database.
We evaluated both the OS and DSS, which resolves diffi-
culties in retrospectively determining the cause of death and
the possibility of “cause of-death-interpretation bias” as de-
scribed by Machtay et al.*’

In conclusion, age, tumor grade, T stage, and N stage
were the clinicopathological factors significantly associ-
ated with the prognosis of patients with G-NETs. The prog-
nosis of G-NETs survival improves gradually with each
year of survival after surgery. The CDS3 of all patients was
more than 90% across all independent prognostic factors
after 5 years of survival, which means that most patients
with G-NETSs have excellent results. Furthermore, it would
be useful for clinicians and researchers to provide more ac-
curate clinically relevant survival assessments to patients
using the CS estimate, to allow them to make life plans and
to monitor the disease intensity during follow-up after a
G-NETs diagnosis.
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