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Abstract

Background: Factors influencing in-hospital mortality in patients 
with well-differentiated gastroenteropancreatic neuroendocrine tu-
mors (GEP-NETs) remain understudied, highlighting gaps in opti-
mizing acute clinical outcomes. This study aimed to identify sociode-
mographic and clinical predictors of all-cause in-hospital mortality in 
this population.

Methods: Using 2016 - 2020 data from the National Inpatient Sample 
(NIS), patients with malignant well-differentiated GEP-NETs were 
identified via the International Classification of Diseases, 10th Revi-
sion (ICD-10) codes. The primary outcome was in-hospital mortality. 
Sociodemographic and clinical variables (heart failure (HF), malnu-
trition, Charlson Comorbidity Index (CCI), and tumor site) were ana-
lyzed using multivariable logistic regression.

Results: Among 5,642 patients (mean age 64, standard deviation 
(SD) 12.9), multivariable analysis identified HF (adjusted odds ratio 
(aOR) 2.09, 95% confidence interval (CI): 1.10 - 3.95), malnutri-
tion (aOR 1.84, 95% CI: 1.29 - 2.62), pancreatic (aOR 1.52, 95% 
CI: 1.01 - 2.30) or colon tumors (aOR 2.31, 95% CI: 1.51 - 3.53), 
CCI ≥ 5 (aOR 1.49, 95% CI: 1.06 - 2.10), hypertension (aOR 0.65, 
95% CI: 0.47 - 0.91) and elective admissions (aOR 0.40, 95% CI: 
0.25 - 0.63) as clinically relevant factors associated with in-hospital 
mortality.

Conclusions: Advanced age, tumor location, malnutrition, and HF 
may be critical mortality predictors among patients with GEP-NETs. 
These findings advocate for integrated care models prioritizing nutri-

tional support, cardiovascular monitoring, and early elective interven-
tions to improve outcomes.

Keywords: Gastroenteropancreatic neuroendocrine tumors; Ma-
lignant well-differentiated tumors; All-cause mortality; In-hospital 
mortality

Introduction

Gastroenteropancreatic neuroendocrine tumors (GEP-NETs) 
comprise a heterogeneous group of neoplasms originating from 
the neuroendocrine system of the gastrointestinal (GI) tract and 
pancreas. They exhibit diverse clinical behavior and prognosis. 
The incidence of GEP-NETs has increased substantially in re-
cent decades, with estimates in the United States ranging from 
3.8 to 6.5 cases per 100,000 individuals annually [1, 2]. Ad-
vances in diagnostic imaging and endoscopic techniques have 
contributed to this rising incidence. Despite their classification 
of some of these tumors as well-differentiated, they possess the 
capacity for aggressive behavior, including hepatic metastasis 
and secretion of bioactive peptides that precipitate debilitating 
paraneoplastic syndromes [3-5].

Despite extensive research on long-term outcomes, factors 
influencing in-hospital mortality, a critical endpoint reflecting 
acute clinical deterioration, remain poorly characterized in this 
population. Existing studies highlight the prognostic role of tu-
mor biology, treatment modalities, and long-term survival, leav-
ing a gap in understanding the determinants of acute mortality in 
hospitalized patients [6-10]. This gap is particularly consequen-
tial given the rising prevalence of well-differentiated GEP-NETs 
and the resource-intensive nature of their management [11, 12]. 
Emerging evidence suggests that non-oncological factors like 
comorbid conditions may significantly influence short-term 
outcomes [13, 14]. However, these associations remain under-
studied and inconsistently reported. Identifying key clinical and 
sociodemographic factors that drive all-cause mortality in these 
populations is essential, as these patient-centered variables in-
teract with tumor biology to shape hospitalization outcomes.

This study aims to bridge the knowledge gap by leverag-
ing a large-scale, nationally representative database to analyze 
the sociodemographic and clinical determinants of all-cause 
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in-hospital mortality in patients with malignant well-differ-
entiated GEP-NETs. Our study aims to provide actionable in-
sights for refining risk stratification protocols and optimizing 
inpatient care, ultimately informing targeted interventions to 
reduce acute mortality in this population.

Materials and Methods

Data source and study sample

We analyzed secondary data from the 2016 - 2020 National In-
patient Sample (NIS), Healthcare Cost and Utilization Project 
(HCUP) database, the largest publicly available all-payer inpa-
tient database in the USA. For this study, we analyzed data on 
patients admitted with malignant well-differentiated GEP-NETs 
from January 2016 to December 2020 in the USA. International 
Classification of Diseases, 10th Revision (ICD-10) codes for 
GEP-NETs (C25.4 and C7A.X) were used to determine our 
study sample. The following ICD codes were excluded from our 
study sample: C7A.090, C7A.091, C7A.093, C7A.098, C7A.8, 
C7A.1, as the tumors represented by these codes are beyond the 
scope of this study. These ICD-10 codes were excluded because 
they correspond to either diagnoses of poorly differentiated 
tumors or tumors that affected other non-GI sites, such as the 
lungs and bronchus. We also excluded C7A.020 which repre-
sented NET of the appendix because these tumors are usually in-
cidental findings and may differ biologically and clinically from 
NETs at other sites. Due to the nature of administrative coding, 
our definition of “malignant” is limited to diagnoses explicitly 
coded as such. We recognize that certain NETs -such as func-
tional pancreatic or duodenal NETs - may possess malignant 
potential but are not always coded accordingly, which may lead 
to underestimation of the true malignant GEP-NET population.

Measures

Outcome

The primary outcome assessed in this study was all-cause in-
hospital mortality, which was dichotomized based on the pa-
tient’s final disposition on discharge.

Exposures

We assessed sociodemographic characteristics, including age 
at admission, sex (male, female), race and ethnicity (White, 
Black, Hispanic, and others), insurance status (private, Med-
icaid, Medicare, and others), and median household income 
national quartile for patient ZIP code.

Clinical characteristics that may contribute to in-hospital 
mortality were determined based on ICD diagnosis codes on 
the patient’s record. We included a history of essential hy-
pertension (I10), heart failure with reduced ejection frac-
tion (HFrEF, I50.2X), lower GI bleeding (K92.1, K92.2, and 

K62.5), protein energy malnutrition (PEM, E43.X, E44.X, 
E45.X, E46.X), obesity (E66.X, excluding E66.3), type 2 dia-
betes mellitus (DM, E11.65), iron deficiency anemia (D50.9), 
hyperlipidemia (E78.5) and lipid disorders (E78.X).

Our analysis included length of hospital stay, total hospi-
tal charges, survey year, type of hospital admission (elective 
vs. non-elective), and tumor site (appendix, small intestine, 
pancreas, rectum, colon, and stomach). We used the Charlson 
Comorbidity Index (CCI) to account for the comorbidities in the 
patients’ records at discharge. The CCI is a method of categoriz-
ing the severity of comorbidities based on a list of specific ICD-
10 codes that identify 17 distinct comorbid conditions. We used 
the “charlson.ado” program in Stata to get a CCI score for each 
patient. The CCI is scored from 0 to 37, which we categorized 
as < 5 and ≥ 5 for this analysis. These thresholds were chosen 
based on a prior study by Huang et al [15], where the severity 
of comorbidity was categorized as mild (1 - 2), moderate (3 - 
4), and severe (≥ 5). However, in our analysis, we decided to 
dichotomize the CCI scores as mentioned above due to sample 
size limitations and ease of interpretation.

Statistical analysis

Descriptive statistics were used to summarize our study sam-
ple’s sociodemographic and clinical characteristics, including 
frequencies and proportions. We used Pearson’s Chi-square and 
Fisher’s exact test to assess the differences in categorical vari-
ables between study participants who died and those who did 
not. Differences in continuous variables between the two groups 
were evaluated using the Student’s t-test. A multivariable logis-
tic regression was used to determine the association between 
the above sociodemographic and clinical characteristics and 
all-cause in-hospital mortality. We used multivariable logistic 
regression to ensure the final model accounted for factors that 
could confound our relationship. Model fitness was determined 
using the Hosmer Lemeshow Goodness of Fit test. Estimates 
of the association between the variables, as mentioned earlier, 
and in-hospital mortality were presented as odds ratios and 95% 
confidence intervals (CIs). All analyses were performed using 
Stata version 18.0 (StataCorp LLC, College Station, TX, USA).

Ethics/Institutional Review Board (IRB) approval state-
ment

IRB approval is not required for this study. The data are pub-
licly available and were used in accordance with applicable 
data use agreement. All data and materials support the pub-
lished claims and comply with field standards.

Results

Sociodemographic characteristics of the study sample

There were 5,642 patients admitted with malignant well-
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differentiated GEP-NETs who met the inclusion criteria. Of 
these, 22.0% were admitted in 2016, 21.6% in 2017, 20.7% in 
2018, 20.1% in 2019 and 15.6% in 2020. The majority (70.7%) 
of participants identified as White, 51.3% were male, and the 
mean age was 64 years (standard deviation (SD) = 12.9 years). 
Most (53%) of the participants were insured through Medi-
care, while 35% had private insurance. Most (60.4%) hospi-
talizations were non-elective admissions, and participants had 
an average length of stay of 6.7 days (SD = 7.6). The mean 
hospital charge during hospitalization was $83,399 (SD = 
$154,359). A quarter (25%) of participants were in the second 
and fourth national income quartiles, based on median house-
hold income (Table 1).

Common sites affected by GEP-NETs include small intes-
tine (61%), pancreas (16%), colon (10%) and stomach (9%). 
Most participants (71%) had a CCI score of < 5. Comorbid 
conditions reported among participants in the study sample in-
clude obesity (15.0%), hyperlipidemia (27.7%), lipid disorders 
(34.0%), essential hypertension (43.9%), type 2 DM with hy-
perglycemia (4.6%), lower GI bleeding (2.6%), PEM (15.6%), 
HFrEF (2.5%) and iron deficiency anemia (4.1%).

Overall, 195 (3.2%) patients with GEP-NETs from 2016 - 
2020 died during hospital admission.

Factors associated with in-hospital mortality among pa-
tients with GEP-NETs

In unadjusted analyses, sociodemographic characteristics as-
sociated with in-hospital mortality were age (odds ratio (OR) 
1.03, 95% CI: 1.02 - 1.04) and insurance type. Clinical char-
acteristics associated with in-hospital mortality were obesity 
(OR 0.59, 95% CI: 0.36 - 0.96), hyperlipidemia (OR 0.62, 95% 
CI: 0.44 - 0.89), lipid disorders (OR 0.61, 95% CI: 0.43 - 0.84), 
essential hypertension (OR 0.54, 95% CI: 0.40 - 0.74), HFrEF 
(OR 3.46, 95% CI: 1.99 - 6.03) and PEM (OR 3.06, 95% CI: 
2.26 - 4.15). Our study showed that patients on elective ad-
missions had a lower mortality risk (OR 0.25, 95% CI: 0.17 
- 0.37) than non-elective admissions patients. Participants with 
tumors located at the pancreas (OR 2.10, 95% CI: 1.47 - 2.99), 
and colon (OR 2.30, 95% CI: 1.54 - 3.45) had a significantly 
higher risk of mortality compared to those with tumors at the 
small intestine. In addition, participants with more extended 
hospital stays had a statistically significant higher risk of in-
hospital mortality (OR 1.03, 95% CI: 1.01 - 1.06). Lastly, a 
CCI score of ≥ 5 was associated with two times higher odds of 
in-hospital mortality (OR 2.15, 95% CI: 1.61 - 2.87) (Table 2).

Adjusted multivariable logistic regression showed that 
age was the only sociodemographic characteristic that was sta-
tistically associated with in-hospital mortality (adjusted odds 
ratio (aOR) 1.03, 95% CI: 1.02 - 1.05), although our results 
suggest that this association may not be clinically significant. 
Our study found a diagnosis of HFrEF (aOR 2.09, 95% CI: 
1.10 - 3.95), PEM (aOR 1.84, 95% CI: 1.29 - 2.62), and es-
sential hypertension (aOR 0.65, 95% CI: 0.47 - 0.91) were sig-
nificantly associated with in-hospital mortality. Participants on 
elective admissions had a lower mortality risk than those on 
non-elective admissions (aOR 0.40, 95% CI: 0.25 - 0.63). Par-

ticipants with tumors located at the pancreas (aOR 1.52, 95% 
CI: 1.01 - 2.30) and colon (aOR 2.31, 95% CI: 1.51 - 3.53) had 
a significantly higher risk of mortality compared to those with 
tumors in the small intestine. Finally, participants with a CCI 
score of ≥ 5 had a significantly increased risk of in-hospital 
mortality compared to those with a lower index score (aOR 
1.49, 95% CI: 1.06 - 2.10). The results of the association of 
all the other factors assessed and in-hospital mortality were 
inconclusive (Table 2).

Discussion

This study demonstrates that patient-specific factors, including 
comorbidities, tumor location, and type of admission, signifi-
cantly influence outcomes in patients with malignant well-dif-
ferentiated GEP-NETs. Our analysis identified HFrEF, PEM, 
pancreatic and colonic tumor locations, and a high CCI (≥ 5) as 
independent factors associated with increased risk of in-hospi-
tal mortality. While older age was identified as a statistically 
significant factor associated with mortality, our findings show 
that this finding may not be clinically significant. Conversely, 
hypertension and elective hospitalization were associated with 
reduced risk of in-hospital mortality. Notably, our findings 
confirm the overall favorable prognosis of well-differentiated 
GEP-NETs, with a 5-year mortality rate of 3.2%, consistent 
with studies showing good overall survival in this population 
[8, 16].

Previous studies have identified advanced age as a predic-
tor of in-hospital mortality in patients with well-differentiated 
tumors, independent of tumor biology [8, 14, 17, 18]. The 
immunological consequences of aging, including decreased 
immunosurveillance and increased immune senescence, con-
tribute to tumor progression and poorer outcomes [19-21]. 
Frailty, a hallmark of aging, is associated with diminished 
physiological reserve, poor cancer outcomes, and reduced tol-
erance to curative therapies, such as surgery and aggressive 
chemotherapy [22-26]. Older adults may also be more likely 
to forgo aggressive treatments in favor of palliative care due 
to various health and sociodemographic factors [27, 28]. Fur-
thermore, the increased comorbidities associated with age can 
alter the tumor microenvironment, compromise cancer therapy 
response, and ultimately reduce survival [29, 30]. Consistent 
with our findings, older patients and those with a high CCI 
(> 5) were at increased risk of in-hospital mortality, although 
in our cohort, the effect of age, while statistically significant, 
appeared to be of limited clinical relevance. To improve out-
comes, older patients with these tumors would benefit from 
comprehensive geriatric assessments, optimization of comor-
bidities, and rehabilitation strategies.

Despite their well-differentiated classification, pancreatic 
and colonic well-differentiated GEP-NETs exhibit distinct bio-
logical and clinical risks. Colonic well-differentiated NETs are 
often diagnosed at an advanced stage, with widespread me-
tastasis to the liver, nodes, and mesentery [31]. In pancreatic 
well-differentiated NETs, mutations in genes such as MEN1, 
DAXX, ATRX, and MTOR are associated with aggressive be-
havior, metastasis, genomic instability, therapy resistance, 
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Table 1.  Sociodemographic Characteristics of Study Participants

Total Alive Dead
P value

N = 5,642 N = 5,447 N = 195
Age in years at admission, M (SD) 64.1 (12.9) 63.9 (12.9) 68.8 (11.3) < 0.001
Sex 0.15
    Male 2,896 (51.3%) 2,786 (51.1%) 110 (56.4%)
    Female 2,742 (48.6%) 2,657 (48.8%) 85 (43.6%)
Race 0.70
    White 3,949 (70.0%) 3,816 (70.1%) 133 (68.2%)
    Black 852 (15.1%) 819 (15.0%) 33 (16.9%)
    Hispanic 385 (6.8%) 374 (6.9%) 11 (5.6%)
    Others 260 (4.6%) 249 (4.6%) 11 (5.6%)
Total charges, M (SD) 83,399.3 (154,359.6) 80,332.5 (148,188.5) 168,434.8 (261,623.0) < 0.001
Median household income national quartile for patient ZIP code 0.47
    1 1,384 (24.5%) 1,328 (24.4%) 56 (28.7%)
    2 1,412 (25.0%) 1,367 (25.1%) 45 (23.1%)
    3 1,355 (24.0%) 1,314 (24.1%) 41 (21.0%)
    4 1,412 (25.0%) 1,362 (25.0%) 50 (25.6%)
Insurance 0.002
    Private insurance 2,001 (35%) 1,956 (36%) 45 (23%)
    Medicaid 428 (8%) 415 (8%) 13 (7%)
    Medicare 2,993 (53%) 2,866 (53%) 127 (65%)
    Others 217 (4%) 207 (4%) 10 (5%)
Obesity 822 (15%) 804 (15%) 18 (9%) 0.032
Tumor site < 0.001
    Small intestine 3,417 (61%) 3,327 (61%) 90 (46%)
    Rectum 229 (4%) 223 (4%) 6 (3%)
    Colon 580 (10%) 546 (10%) 34 (17%)
    Stomach 503 (9%) 487 (9%) 16 (8%)
    Pancreas 913 (16%) 864 (16%) 49 (25%)
Hyperlipidemia 1,561 (27.7%) 1,523 (28.0%) 38 (19.5%) 0.009
Lipid disorders 1,921 (34.0%) 1,874 (34.4%) 47 (24.1%) 0.003
Essential hypertension 2,478 (43.9%) 2,419 (44.4%) 59 (30.3%) < 0.001
Type 2 DM with hyperglycemia 262 (4.6%) 254 (4.7%) 8 (4.1%) 0.71
Lower GI bleeding 146 (2.6%) 139 (2.6%) 7 (3.6%) 0.37
Protein energy malnutrition 879 (15.6%) 811 (14.9%) 68 (34.9%) < 0.001
Systolic heart failure 143 (2.5%) 128 (2.3%) 15 (7.7%) < 0.001
Iron deficiency anemia 232 (4.1%) 228 (4.2%) 4 (2.1%) 0.14
Elective versus non-elective admission 2,228 (39.6%) 2,200 (40.5%) 28 (14.4%) < 0.001
Length of stay, M (SD) 6.7 (7.6) 6.6 (7.4) 10.0 (10.2) < 0.001
Charleston Comorbidity Index (CCI) < 0.001
    CCI < 5 4,001 (70.9%) 3,896 (71.5%) 105 (53.8%)
    CCI ≥ 5 1,641 (29.1%) 1,551 (28.5%) 90 (46.2%)
Admission year 0.90
    2016 1,240 (22.0%) 1,198 (22.0%) 42 (21.5%)
    2017 1,220 (21.6%) 1,182 (21.7%) 38 (19.5%)
    2018 1,170 (20.7%) 1,126 (20.7%) 44 (22.6%)
    2019 1,133 (20.1%) 1,095 (20.1%) 38 (19.5%)
    2020 879 (15.6%) 846 (15.5%) 33 (16.9%)

Variable distributions are presented as n (%) unless otherwise specified. M: mean; SD: standard deviation; DM: diabetes mellitus; GI: gastrointestinal; 
CCI: Charlson Comorbidity Index.
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Table 2.  Factors Associated With Mortality Among Patients Admitted With GEP-NETs

Odds ratio P value 95% CI Adjusted 
odds ratio P value 95% CI

Age 1.03 0 1.02 1.04 1.03 < 0.001 1.01 1.04
Sex
    Male Reference
    Female 0.81 0.152 0.61 1.08 0.80 0.158 0.59 1.09
Race
    White Reference
    Black 1.16 0.464 0.78 1.71 1.08 0.732 0.70 1.68
    Hispanic 0.84 0.594 0.45 1.58 0.73 0.378 0.37 1.46
    Others 1.27 0.46 0.68 2.38 1.26 0.516 0.63 2.51
Median household income national quartile for patient ZIP code
    1 Reference
    2 0.78 0.225 0.52 1.16 0.86 0.497 0.55 1.33
    3 0.74 0.15 0.49 1.12 0.81 0.348 0.51 1.26
    4 0.87 0.485 0.59 1.28 0.87 0.548 0.56 1.36
Insurance type
    Private Reference
    Medicaid 1.36 0.334 0.73 2.55 1.11 0.787 0.53 2.33
    Medicare 1.93 < 0.001 1.36 2.72 1.03 0.881 0.68 1.56
    Others 2.10 0.038 1.04 4.23 1.83 0.123 0.85 3.93
Admission type
    Non-elective Reference
    Elective 0.25 < 0.001 0.17 0.37 0.40 < 0.001 0.25 0.63
Total charges 1.00 1.32 0.19 1.00 1.00 0.339 1.00 1.00
Tumor site
    Small intestine Reference
    Rectum 0.99 0.99 0.43 2.30 0.75 0.557 0.29 1.94
    Colon 2.30 < 0.001 1.54 3.45 2.31 < 0.001 1.51 3.53
    Stomach 1.21 0.481 0.71 2.08 1.06 0.857 0.58 1.93
    Pancreas 2.10 < 0.001 1.47 2.99 1.52 0.047 1.01 2.30
Length of stay 1.03 0.056 1.00 1.06 1.01 0.279 0.99 1.03
Charleston Comorbidity Index
    CCI < 5 Reference
    CCI ≥ 5 2.15 < 0.001 1.61 2.87 1.49 0.023 1.06 2.10
Obesity 0.59 0.033 0.36 0.96 0.93 0.804 0.54 1.62
Essential hypertension 0.54 < 0.001 0.40 0.74 0.65 0.013 0.47 0.91
Hyperlipidemia 0.62 0.010 0.44 0.89 0.85 0.677 0.40 1.81
Lipid disorders 0.61 0.003 0.43 0.84 0.64 0.218 0.32 1.30
Protein energy malnutrition 3.06 < 0.001 2.26 4.15 1.84 0.001 1.29 2.62
Systolic heart failure 3.46 < 0.001 1.99 6.03 2.09 0.024 1.10 3.95
Iron deficiency anemia 0.48 0.149 0.18 1.30 0.42 0.094 0.15 1.16

GEP-NETs: gastroenteropancreatic neuroendocrine tumors; CCI: Charlson Comorbidity Index.
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and reduced overall survival [32-35]. These tumors exhibit 
increased variability in Ki-67 scores, suggesting potential 
aggressiveness despite their well-differentiated morphology. 
[36, 37]. Furthermore, functional pancreatic NETs, especially 
those associated with insulinomas and VIPoma, are associated 
with poorer outcomes [38]. Complex tumor anatomies, such as 
those located in the pancreatic head, can render curative surgi-
cal therapies infeasible, leading to worse survival outcomes 
[39, 40]. Although the PROMID trial [41] and CLARINET 
trial [42] established the efficacy of somatostatin analogs for 
GEP-NETs, epigenetic modifications in well-differentiated 
GEP-NETs can confer resistance to these therapies, resulting 
in poor outcomes [43]. Prioritizing early detection and site-
specific monitoring may improve outcomes in this population.

Optimal nutrition modulates immune function, enhances 
immune surveillance, and prevents tumor progression [44, 
45]. Unfortunately, malnutrition is a prevalent issue in cancer 
patients, affecting 20-70% of patients depending on the can-
cer type, disease stage, and clinical setting [46]. Patients with 
GEP-NETs exhibit a malnutrition prevalence of approximately 
25% [47]. Malnutrition compromises tolerance to chemother-
apy, leading to increased toxicity, reduced compliance, and di-
minished treatment efficacy, ultimately resulting in heightened 
tumor aggressiveness and mortality [48]. Furthermore, mal-
nourished cancer patients experience poor surgical outcomes, 
hindering postoperative recovery and increasing mortality risk 
[49, 50]. In the context of functional GEP-NETs, malnutrition 
is exacerbated by catabolic states, diarrhea, and worsening 
nutritional status, ultimately impacting tumor aggressiveness 
and overall survival [51]. Our findings suggest that PEM is 
a critical predictor of in-hospital mortality in patients with 
well-differentiated GEP-NETs. These results underscore the 
imperative for timely and integrated nutritional interventions 
to mitigate malnutrition-related complications and optimize 
health-related quality-of-life outcomes in this population.

HFrEF is a prevalent and prognostically significant co-
morbidity in patients with well-differentiated GEP-NET, af-
fecting approximately 50% of this population [13]. The rela-
tionship between well-differentiated GEP-NETs and HFrEF is 
bidirectional, with carcinoid heart disease potentially contrib-
uting to the development of HFrEF through the deposition of 
vasoactive substances on the heart [52]. In our study, there was 
a 2.28-fold increased risk of mortality in patients with well-
differentiated GEP-NETs and comorbid HFrEF, aligning with 
observational data demonstrating elevated mortality in cancer 
patients with heart failure compared to the general population 
[53]. Conversely, cancer is a leading cause of non-cardiovas-
cular death in patients with heart failure [54]. The introduction 
of novel therapies, such as tyrosine kinase inhibitors (TKIs), 
which have improved progression-free survival in well-differ-
entiated GEP-NETs, may be limited in their use due to their 
potential cardiovascular side effects, which may exacerbate 
heart failure and worsen outcomes [55]. Therefore, vigilant 
cardiovascular monitoring and timely therapeutic intervention 
are crucial to mitigating the adverse prognostic implications of 
heart failure in well-differentiated GEP-NETs.

Timely healthcare-seeking is essential for optimizing can-
cer survival outcomes. An Australian study demonstrated that 
cancer patients admitted through emergency departments had 

a four-fold increased likelihood of mortality within 12 months 
compared to those with elective admissions. [56]. This finding 
is corroborated by other studies highlighting the association 
between emergency admissions and increased mortality [57, 
58]. Our study’s observation of reduced in-hospital mortality 
among patients with elective admissions may be attributed to 
better preparation, timely interventions, and potentially less 
advanced disease progression. Notably, our analysis revealed 
a statistically significant association between hypertension and 
decreased mortality, contrasting with existing literature linking 
hypertension to increased cancer-related deaths [59, 60]. A po-
tential explanation for this unexpected finding is that hyperten-
sion may enhance tumor blood flow, facilitate chemotherapy 
delivery and reduce hypoxia-induced chemoresistance. The 
relationship between hypertension and cancer outcomes is 
influenced by factors such as cancer type, stage, and hyper-
tension severity. The observed association between essential 
hypertension and reduced mortality risk in this cancer subtype 
warrants further exploration to elucidate underlying biological 
mechanisms.

Additional hospital-related factors, including obesity, DM, 
GI bleeding, length of hospital stay, and hyperlipidemia, were 
evaluated for their potential association with mortality out-
comes. However, our analysis yielded inconclusive results, sug-
gesting that these factors may not significantly impact mortality.

This study has some limitations that warrant considera-
tion. First, its cross-sectional design precludes the establish-
ment of temporality, and the findings should be interpreted as 
correlational rather than causal. Second, the reliance on claims 
data from the NIS database, which utilizes ICD-9 and ICD-10 
codes for diagnosis confirmation, introduces potential biases 
inherent to retrospective claim-based research. Accurate iden-
tification of GEP-NETs may be compromised by misclassifi-
cation or underreporting. For example, functional pancreatic 
NETs and duodenal NETs are sometimes miscoded as benign, 
despite their malignant potential. As a result, our reliance on 
diagnostic codes may underestimate the true burden of dis-
ease. While we defined “malignant” NETs based on available 
ICD-10 codes, we acknowledge that this may not fully capture 
the complexity and heterogeneity of GEP-NET classification. 
Third, the NIS dataset lacks granular clinical information, in-
cluding tumor stage, histologic grade, functional status, and 
other clinicopathologic features that are critical for prognos-
tication and treatment decision-making in patients with GEP-
NETs. Consequently, our ability to adjust for disease severity 
or stratify outcomes by stage was limited. Fourth, although 
surgical intervention is a cornerstone of NET management and 
can be associated with both favorable and unfavorable out-
comes depending on timing and indication, we were unable 
to analyze surgical procedures due to the lack of specificity in 
procedure coding. The NIS does not reliably distinguish be-
tween curative resections, palliative surgeries, or unrelated op-
erations. Furthermore, surgical intervention may be associated 
with improved survival when tumors are detected early and 
completely resected, but this nuance could not be captured in 
our analysis. Fifth, the NIS dataset’s structure, which records 
readmissions as distinct observations, precluded the analysis 
of readmission rates. Although our sample size was substan-
tial, a larger cohort may have yielded more statistically signifi-
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cant results for certain variables. Finally, while demographic 
factors were adjusted for in the analysis, residual confounding 
variables may still influence the findings. Future studies utiliz-
ing clinical registries or datasets with more detailed oncologic 
variables are needed to better characterize mortality drivers 
and inform care in this rare population.

Conclusions

This study highlights the complex interplay of factors contrib-
uting to increased mortality in patients with malignant well-
differentiated GEP-NET. Advanced age, tumor location in 
the colon and rectum, PEM, and heart failure are significant 
predictors of poor outcomes in this population. These results 
underscore the importance of a multidisciplinary approach to 
patient care, incorporating timely nutritional interventions, 
optimal tumor management, and careful monitoring for car-
diovascular complications. These findings emphasize the im-
portance of integrating these variables into prognostic mod-
els, which can facilitate risk stratification and inform clinical 
decision-making for hospitalized patients with malignant well-
differentiated GEP-NETs.
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