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Abstract: Background: Neuroendocrine tumors (NET) are a rare group of epithelial neoplasms
present in the gastrointestinal tract (GI) (67.5%) and bronchopulmonary tree (25.3–30%), and in 15%
of cases, their primary sites cannot be identified. Although endoscopic screening, improvements
in pathological techniques, and early detection have shown improvements in NET survival rates,
the prognosis of advanced, metastatic, and poorly differentiated NET is very poor. In this study, we
aimed to evaluate the effect of gastrointestinal and pancreatic (GEPs) NETs’ grade on overall survival.
Method: We searched observational studies describing the overall survival or prognostic factors of
primary GEP NETs from May 2011–May 2021 following the PRISMA guidelines. Studies describing
the effect of primary grade 3 GEP NETs on overall survival were included. A meta-analysis was
performed, and a pooled hazard ratio and their 95% confidence interval (95% CI) were obtained.
Forest plots were created using random effects models and a sensitivity analysis was performed to
account for the heterogeneity. Results: Seven studies with 7692 confirmed patients were included.
In our meta-analysis, grade 3 GEP NETs were associated with higher odds of poor survival (pooled
HR: 2.73; 95% CI: 1.36–5.47; p = 0.005), with a 92% heterogeneity between studies (p < 0.0001).
To account for this heterogeneity, a sensitivity analysis was performed by removing two outlying
studies (Fathi et al. and Foubert et al.) on funnel plots. The results after the sensitivity analysis
did not change and still showed a significant association of grade 3 with a poor survival (pooled
HR: 4.53; 95% CI: 3.54–5.78; p < 0.00001), with no heterogeneity between studies (p = 0.72; I2 = 0%).
Conclusions: Our meta-analysis found that grade 3 GEP NETs are associated with poor survival and
additional future studies are needed to identify other risk factors associated with poor survival in
GEP NETs to improve their mortality.
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1. Introduction

Neuroendocrine tumors (NETs) are a rare group of epithelial neoplasms with a pres-
ence of single or nests of neuroendocrine cells (NECs) (neuroendocrine differentiation) [1].
According to the American Society of Clinical Oncology (ASCO), NETs are found in the
gastrointestinal tract in (67.5%) and bronchopulmonary tree in (25.3–30%) of cases, but
in 15% of cases, the primary site cannot be identified [2]. The small intestine (19%), large
intestine (20%), stomach (8.7%), and pancreas (7%) are common sites in the gastrointestinal
tract [2]. In the United States, the annual incidence of newly diagnosed NET is approxi-
mately 2 per 100,000 [3,4]. The increased rates of NETs over the last few decades are mostly
attributed to advancements in diagnostic abilities [3]. Dasari et al., a retrospective study
using nationally representative data from the Surveillance, Epidemiology, and End Results
(SEER) program identified a 6.4-fold increase (1.09 to 6.98 per 100,000) in age-adjusted
incidence rates between 1973 and 2012 for early-stage tumors [5]. Through methods such
as endoscopic screening and improvements in pathological techniques, in addition to
an expansion of data pertaining to the safety and efficacy of treatment modalities, early
detection has been shown to be clinically beneficial, as survival rates of patients with a NET
have increased over time [1,5,6].

Although diagnostic approaches and survival rates are improving, NETs still present
medical challenges which lead to worse overall outcomes compared to those of other
types of tumors. NETs first exhibit vague, non-specific symptoms that can make an initial
diagnosis difficult. These tumors are typically found incidentally during other surgeries,
such as those for bowel wall obstructions or pancreatitis [4]. Because of their nondescript
presentation, and the fact that more specific symptoms, including those of carcinoid syn-
drome (flushing, wheezing, diarrhea, and heart valve issues), appear only at the time of
metastasis, the average length of time from tumor onset to diagnosis is nine years [7]. Be-
cause metastasis is generally associated with poorer outcomes, the challenge of diagnosing
NETs is hypothesized to be the primary reason for their low survival rates (with a 5-year
survival rate of 67 percent) [4].

There are a number of published studies that have looked at the survival outcomes
and prognostic factors for patients diagnosed with an NET. For example, multiple stud-
ies have found negative correlations between worsened clinical outcomes (an increased
rate of recurrence and shorter disease-free survival times) and tumor size, staging, and
grading [8–10]. Other prognostic factors, such as age and gender, are less well-defined and
present conflicting data. For example, a study conducted by Folkstead et al. found age, but
not gender, to be associated with diminished outcomes, while a study by Rosenblum et al.
obtained opposite findings [9,11].

In this study, we aim to evaluate the predictive roles of various prognostic factors
in overall survival in gastrointestinal neuroendocrine tumors. In addition to established
factors, such as tumor size, staging, and grading, we recognize the significance of other
markers, including the Ki-67 marker, which reflects the proliferative potential of a tumor [2].
High Ki-67 indices have been associated with more aggressive behavior and worse prog-
noses for neuroendocrine tumors, including gastrointestinal and pancreatic NETs [2,3].
Furthermore, we will explore the correlation between lymph node involvement and gas-
troenteropancreatic neuroendocrine tumors (GEP-NETs), as lymph node metastasis is
indicative of tumor aggressiveness and can significantly impact overall survival [4,5]. Over-
all, we aim to evaluate the predictive roles of various prognostic factors from a wide array
of studies on GI neuroendocrine tumors in overall survival.

2. Methods
2.1. Aim and Literature Search Strategy

The primary aim of the study was to evaluate the association of prognostic factors with
overall survival in gastroenteric pancreatic neuroendocrine tumors (GEP NETs). We followed
the PRISMA guidelines [12] and MOOSE checklist [13] when conducting the systematic review
and meta-analysis of observational studies evaluating the association of prognostic factors in the
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overall survival of GEP NETs. Observational studies were searched using PubMed with the key-
words (((((Neuroendocrine Tumors[Title/Abstract]) OR (NET[Title/Abstract])) OR (Gastropan-
creatic NET[Title/Abstract])) OR (Midgut NET[Title/Abstract])) OR (pNET[Title/Abstract]))
OR (pancreatic NET[Title/Abstract]) AND “magnetic”[All Fields] AND (((Survival[Title/
Abstract]) OR (Overall Survival[Title/Abstract])) OR (Prognosis[Title/Abstract])) OR (Out-
comes[Title/Abstract])) OR (Recurrence[Title/Abstract(((Survival[Title/Abstract]) OR (Over-
all Survival[Title/Abstract])) OR (Prognosis[Title/Abstract])) OR (Outcomes[Title/Abstract]))
OR (Recurrence[Title/Abstract]) from May 2011–May 2021. A flow diagram of the search and
study selection process is described in Figure 1.
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2.2. Study Selection

We reviewed the abstracts and full-length articles of the observational studies which
had an availability of data on overall survival in GEP NETs and collected them for a
quantitative analysis. AA, MA, AK, and RJ independently screened all of the identified
studies and assessed their full texts to determine their eligibility. Any disagreement was
resolved through consensus with the PM and AA.

Observational studies which described the overall survival or prognostic factors of
primary GEP NETs were included. We excluded the studies which had metastatic NETs
and tumor location other than gastrointestinal pancreatic and also studies not in the English
language. The prognostic factors included in our meta-analysis were age, gender, tumor
grading, KI67 index, and positive lymph nodes.
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2.3. Data Extraction

The data were extracted by MA, AK, and RJ. The descriptive variables extracted
were the author’s name, study year, country, sample size, study period, NET site, Overall
Survival, and prognostic factors.

2.4. Statistical Analysis

The meta-analysis was conducted using review manager software (v5.4). We used
random effects models to calculate the pooled hazard ratio and their respective 95% confi-
dence intervals (95%CI). An I2 of 25%, 50%, and 75% was considered as low, medium, and
high heterogeneity, respectively. We assessed the publication bias using funnel plots. In
addition, the risk of bias was assessed using the Newcastle–Ottawa Scale (NOS) scale. A
p value of <0.05 was considered to be statistically significant.

3. Results

Out of the 200 articles screened, there were 30 articles that were eligible for the
study after considering our inclusion and exclusion criteria. During the second round of
eligibility, 16 more studies were excluded due to incomplete information, metastatic NETs,
and the location of the NET not being GEP NETs. Hence, the final 14 observation studies
were selected for a systematic review and meta-analysis (Figure 1). Table 1 describes the
study characteristics and collected data on the prognostic factors, and the Supplementary
Materials describes the full study details and reference citations for the 14 observational
studies used for the meta-analysis.

Table 1. Study characteristics and collected data on prognostic factors.

Study Name, Year Country Study Period Sample Size NET Site Overall Survival Prognostic Factors

Folkestead et al., 2020 Norway January 1998–May 2018 186 Intestinal 5-year survival: 75.8%
9.7 years (95%CI 7.7–11.6)

Age, gender, and Positive
Lymph node

Tan et al., 2020 China January 2009 to
December 2017 88 Pancreatic NA Age, Ki-67, and positive

lymph nodes

Liu et al., 2020 China February 2003–
February 2014 155 Gastroenteropancreatic

(GEP) NENs
1-year = 82%, 3-year = 72%,

5-year = 51%
Grade and positive

lymph nodes

Kim et al., 2015 Korea 1996–2014 175 Gastric NA Age, gender, grade, and
positive lymph node

Ptasnuka et al., 2019 Latvia 2006–2018 205 Gastropancreatic

1-year: 88.0%
(95%CI 83.3–92.7)

3 year: 77.1%
(95%CI 70.4–83.8)

NA

Pellat A et al., 2019 France 2000–2016 73 GI pancreatic 5-year OS 50% (25–50%) Age, gender, Ki-67, and
positive lymph nodes

Yang et al., 2018 China 1973–2014 3740 Gastric NA Age, gender, and grade

Fathi et al., 2020 USA 1988–2012 1787 Pancreatic 5-year OS: 24.4%. Age, gender, grade, and
positive lymph nodes

Cetinkaya et al., 2014 Norway 1982–2010 114 Pancreatic 5-year OS: 53.9%
(95% CI: 43.4–63.3) NA

Zang et al., 2014 China 2003–2012 168 Gastroenteropancreatic
(GEP-NENs)

8.94 years (95% confidence
interval (CI): 8.40–9.48) Age and gender

Fang et al., 2017 South China 2005–2015 1183 GEP- NENs 28 months
(range, 4–135 months)

Age, gender, grade,
and positive lymph nodes

Foubert et al., 2018 France October 1994–
October 2013 151 Intestinal and

Pancreatic NET NA Age, grade, and Ki-67

Sakin et al., 2018 Turkey 2000–2016 85 GEP NET NA Age and Ki-67

Rosenblum et al., 2020 USA 1990–2017 501 Pancreatic NA Age, gender, and grade

3.1. Prognostic Factors

AGE: 11 studies out of the 14 reported an association of age with overall survival
in GEP NETs. In our meta-analysis, we found that an increasing age is associated with
poor survival (pooled HR: 1.20; 95%CI: 1.06–1.36; p = 0.005), with an 80% heterogeneity
(p < 0.00001) (Figure 2A). In order to account for this heterogeneity, we conducted a
sensitivity analysis by removing the outlying studies of Foubert et al., Tan et al., and
Yang et al. The results after the sensitivity analysis were still significant (pooled HR: 1.11;
95%CI: 1.05–1.18; p = 0.0004), with a 32% heterogeneity (p = 0.17). (Figure 2B).
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Grade 3: 7 studies out of the 14 reported an association of grade 3 tumors with overall
survival in GEP NETs. We found grade 3 tumors to be associated with poor survival
(pooled HR: 2.73; 95%CI: 1.36–5.47; p = 0.005), with a 92% heterogeneity (p < 0.00001)
(Figure 3A). In the sensitivity analysis, after removing the outlying studies of Fathi et al.
and Foubert et al., the analysis was significant with a pooled HR: 4.53; 95%CI: 3.54–5.58;
p < 0.00001) and a 0% heterogeneity (p = 0.72) (Figure 3B).

3.2. Lymph Node Positivity

In total, 7 studies out of the 14 reported an association of lymph node positivity with
poor survival (pooled HR: 1.49; 95%CI: 1.13–1.96; p = 0.005), with an 81% heterogeneity
(p < 0.00001) (Figure 4A). In the sensitivity analysis, after removing the outlying studies of
Pellat et al. and Tan et al., we found a pooled HR: 1.20; 95%CI: 0.97–1.48; p = 0.09) and a
72% heterogeneity (p = 0.007) (Figure 4B).

3.3. Ki-67 More than 5%

A total of 5 studies out of the 14 found that a Ki67 index more than 5% was weakly
associated with poor survival (pooled HR: 1.88; 95%CI: 0.99–3.55; p = 0.05), with a 77%
heterogeneity (p = 0.004) (Figure 5A). In the sensitivity analysis, after removing the outlying
study of Sakin et al., we found a strong association between a Ki67 index of more than
5% and poor survival, with a pooled HR: 2.39; 95%CI: 1.49–3.83; p = 0.0003) and 0%
heterogeneity (p = 0.47) (Figure 5B).
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3.4. Table 2 Describes the Overall Findings of This Study

Table 2 described pooled HR and 95%CI with sensitivity analysis showing poor
outcomes associated with age, grade 3, and lymph node positivity.

Table 2. Prognostic factors of poor outcomes.

Prognostic Factors of
Poor Outcomes

• Pooled HR
• 95%CI
• p-Value

• I2 Value
• p-Value
• z Value

Sensitivity Analysis

• Pooled HR
• 95% CI
• p-Value

Sensitivity Analysis

• I2 Value
• p-Value

Age
• 1.20
• 1.06–1.36
• 0.005

• 80%
• p < 0.00001
• 2.84

• 1.11
• 1.05–1.18
• 0.0004

• 32%
• p = 0.17

Grade 3
• 2.73
• 1.36–5.47
• 0.005

• 92%
• p < 0.00001
• 2.83

• 4.53
• 3.54–5.58
• p < 0.00001

• 0%
• p = 0.72

Lymph node positivity
• 1.49
• 1.13–1.96
• 0.005

• 81%
• p < 0.0001
• 2.81

• 1.20
• 0.97–1.48
• p = 0.09

• 72%
• p = 0.007

Ki-67 more than 5%
• 1.88
• 0.99–3.55
• p = 0.004

• 77%
• p = 0.05
• 1.93

• 2.39
• 1.49–3.83
• p = 0.0003

• 0%
• p = 0.47

3.5. Heterogeneity (I2) Statistics and NOS Scale

The heterogeneity analysis showed a 77–92% dispersion observed between the studies.
For each outcome, we performed a sensitivity analysis after removing outliers from the
individual meta-analysis. Additionally, the overall studies had a low to moderate risk of
bias. Table 3 describes the risk of bias, which was assessed using the Newcastle–Ottawa
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Scale (NOS) scale, showing a low to moderate risk of bias. The Supplementary Materials
shows the funnel plots used for the sensitivity analyses.

Table 3. NOS Scale.

Studies Selection Comparability Outcome Overall Quality/Overall Risk of Bias

Folkestead et al., 2020 ++ + ++ High

Tan et al., 2020 ++ + ++ Moderate

Liu et al., 2020 +++ ++ +++ Low

Kim et al., 2015 +++ ++ +++ Low

Ptasnuka et al., 2019 +++ ++ ++ Low

Pellat A et al., 2019 ++ ++ ++ Moderate

Yang et al., 2018 +++ ++ +++ Low

Fathi et al., 2020 ++ ++ ++ High

Cetinkaya et al., 2014 ++ + +++ Moderate

Zang et al., 2014 +++ ++ +++ Low

Fang et al., 2017 +++ ++ +++ Low

Foubert, 2018 ++ + ++ High

Sakin, 2018 +++ ++ + Moderate

Rosenblum et al., 2020 +++ ++ +++ Low

4. Discussion

In this meta-analysis, we covered 14 observation studies to evaluate the association of
prognostic factors with overall survival in gastroenteric pancreatic neuroendocrine tumors
(GEP NETs). We found increasing age, grade 3 tumors, lymph node positivity, and a Ki67
index more than 5% to be associated with poor survival.

As we age, the immune system weakens and responds more slowly. This allows for
tumors to better escape a host’s immune defenses with a decreased ability of immune cells
to suppress tumor growth [14]. A study conducted by Niederele et al. found that benign
GI tumors were far more common in younger patients, while malignant ones were more
prevalent in older populations [15]. In addition, one study found that those above 80 years
of age with a GI tumor (pancreatic) have a three times higher mortality rate than those less
than 40, and those between the ages of 40 and 80 years have a two times higher mortality
rate than those below 40 years of age. Since the decline of the immune system with age is a
well-established fact, it was surprising to see the heterogeneity in the studies included in
our analysis. This could partially be accounted for by geographical distribution, in addition
to limitations in sample size. For example, a study conducted by Zhu et al. noted that there
are significant differences between the populations in the United States and China with
respect to NETs. Patients in China were found to be older and have larger tumors [16].
While a study has not been conducted to observe regional differences of gastric NETs in the
United States, it is plausible that there is also significant regional diversity, which may be
able to account for some of the discrepancies in outcomes across studies.

The grading system for NETs and neuroendocrine neoplasms (NEN) was updated
in 2010 by the World Health Organization (WHO) [17]. Essentially, grade 1 tumors have
the lowest mitotic rates with a Ki-67 Index (<3%), grade 3 tumors have the highest mitotic
rate with a Ki-67 Index (>20%), and grade 2 tumors are found to be intermediate with a
Ki-67 (from 3% to 20%). Moreover, there is an extra component to this classification based
on the degree of differentiation of the tumor, which ranges from well-differentiated to
poorly differentiated [18]. The majority of GI NET tumors fall between grade 1 and grade 2
(accounting for 84 percent of all GI NETs), while grade 3 tumors are much rarer (6–8% of
GI NETs) [17]. This is perhaps due to more frequent imaging maybe contributing to the
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earlier identification of tumors to be diagnosed and treated at an earlier stage. Our results
again fall in line with the expectations based on the grading of tumors. Tumors with higher
proliferative rates, and hence higher grades, tend to be more aggressive and spread faster.
This leads to more rapid-onset symptoms and a narrower window for curative therapeutic
intervention before only palliative care can be given. Furthermore, in most cases, grade 1
tumors can be excised, while grade 2 and 3 tumors are far more challenging to treat [19]. It
is of interest to note that, because grade 2 tumors span a wide range, our results indicate
that a threshold of a five percent Ki-67 index for a tumor is associated with a poor survival
prognosis. Hence, while it is not surprising that our meta-analysis revealed a negative
correlation between grading and survival outcomes, the five percent marker may serve as
a threshold with relevant clinical significance.

Furthermore, we found that metastasis to lymph nodes leads to poor survival out-
comes. In most cases, the lymph nodes are among the first places a metastatic cancer
travels to reach subsequent tissues. As a result, our data fall in line with the expected
outcomes, since metastasis is associated with the later stages of cancer. For example, stage 0
cancer is carcinoma in situ and is defined as a cancer that has not spread to any tissues,
while stages 1–4, which are subsequently associated with worse clinical outcomes, refer
to a cancer that has metastasized [20]. In addition, it is important to note the relationship
between the number of lymph nodes affected and survival outcomes. A study conducted
by Zaidi et al. found that a metastasis to four or more lymph nodes increases the risk of
cancer recurrence post-treatment [21]. The number of lymph nodes affected also affects
overall survival rates, with data showing a negative correlation between 10-year survival
rates and the number of lymph nodes affected [22].

In our study, we found that female sex is associated with a worse survival outcome,
however, the mechanisms behind this remain unclear. It is interesting to note that NETs
are slightly more common in females than males [23]. It has been hypothesized that
differences in hormonal regulation may play a role in this relationship, but more studies are
needed before being able to make any definitive conclusions. Moreover, another possibility
that may explain our findings is that survival rate differences between genders may be
attributed to differences in tumor locations. For example, appendiceal tumors are more
common in females, while small intestine tumors are more common in males [24]. Certain
GI tumor locations may lead to worse clinical outcomes, however, more studies are needed
investigating these location–survival relationships.

Our findings not only serve to corroborate relationships that already exist, but also
have important clinical significance. For instance, our analysis revealed a five percent Ki-67
index threshold for poor clinical outcomes. This benchmark may have an influence on
future clinical decision making and treatment options. Because grade 2 tumors are so vari-
able, this percentage marker may be able to draw a distinction between administering more
and less aggressive forms of treatment. Moreover, although we established a relationship
between female sex and worse survival outcomes, we understand that more research needs
to be conducted in this domain to develop an understanding of the underlying mechanisms.
While the relationships of age and lymph node positivity were already well established,
they serve as important findings that help to corroborate the overall quality of our study.
Although we restricted our search and analysis to gastric neuroendocrine tumors, we found
that there is a high degree of heterogeneity even within this limited group.

5. Conclusions

Overall, the results of our study fell in line with the normal expectation of all tumors,
not just those limited to the GI system. Essentially, we found that an older age, higher-
grade tumors, lymph node positivity, and female sex are associated with worse clinical
outcomes and lower survival rates. Although the basic scientific mechanisms for most
types of cancers and associated prognostic factors are well established, our study revealed
more nuanced relationships in GI NETs than are present in the current literature. Our
subcategory analysis, such as the specific Ki67 index percentage and number of lymph
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nodes affected for poor survival, produced new findings with important clinical relevance.
While we acknowledge that there is still a need for further research to evaluate prognostic
factors to help corroborate our findings, we hope that our study serves as an initial guide
that may help with future clinical decision making.

Supplementary Materials: The following supporting information can be downloaded at: https://
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