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ARTICLEINFO ABSTRACT

Article history: Introduction: Gastrointestinal neuroendocrine carcinomas (GI-NECs) are a diverse group of
Received 14 Dec. 2024 aggressive tumors with variable clinical outcomes. Although progress has been made in classifying
Received in revised form 24 Dec. 2024 and treating these cancers, detailed real-world data on their anatomical distribution and survival rates
Accepted 27 Dec. 2024 are scant. This study utilizes a large database to explore the epidemiological and anatomical

distribution patterns and to assess the survival outcomes of GI-NECs.

Keywords: Methods: We accessed the TriNetX global health research network, comprising about 197 million

patient records from 160 healthcare organizations, to perform a retrospective analysis of GI-NEC
cases through November 2024. Patients were identified via the ICD-O-3 morphology code 8246/3.

Neuroendocrine Carcinoma

Gastrointestinal

Cancer We analyzed TNM staging and survival rates across various GI locations.

Epidemiology Results: We identified 4,515 cases of NECs with a nearly equal gender distribution (47.27% male,
Real-World Evidence 47.35% female) and an average age of 71 years. Unknown primary sites were the most common
Real-World Data (n=692) followed by Small intestinal NECs (n=682) and others. The least common were liver and

intrahepatic biliary NECs (n=71). Survival varied significantly by site, from a high of 37.5% in small
intestinal NECs to just 11.4% in hepatic/biliary NECs, highlighting notable differences even within
the same organ, such as between appendiceal and cecal NECs (44.8% vs. 26.4%).

Conclusions: This study highlights the necessity for site-specific treatment and improved diagnostic
strategies, especially for the worst-prognosis NECs found in hepatic and biliary locations. Our
findings are vital for developing targeted therapies and refining prognostic tools based on anatomical
sites.
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1. Introduction

The landscape of gastrointestinal neuroendocrine carcinomas (GI-
NECs) has undergone significant transformations in recent decades,
marked by evolving epidemiological patterns and refined classification
systems. Our understanding of these complex neoplasms has been
enhanced by emerging epidemiological data, revealing notable
geographic variations in incidence variations. In Norway, GI-NECs have
exhibited a remarkable 200% increase from 1993 to 2021, particularly
those originating from the gastrointestinal tract [1]. Similarly, England
has suffered from growth, with age-standardized incidence of
neuroendocrine neoplasms (NENs) reaching 9 per 100,000 in 2016 [2].
This trend contrasts with data from Switzerland, where despite a steady
increase in gastroenteropancreatic neuroendocrine tumors (GEP-NETs)
incidence (1.7% annually in men and 1.3% in women), GEP-NEC rates
remained relatively stable from 1976 to 2016 [3].

The complexity of these neoplasms is further illustrated by their diverse
biological behavior and histopathological characteristics. The World
Health Organization's refined classification system has been
instrumental in delineating crucial distinctions between well-
differentiated neuroendocrine tumors (NETs) and poorly differentiated
neuroendocrine carcinomas (NECs) [4]. This classification emphasizes
the critical role of proliferation indices and differentiation status, where
NETs span grades G1 through G3 based on mitotic counts and Ki-67
indices, while NECs consistently manifest as high-grade (G3) neoplasms
[5]. The introduction of high-grade well-differentiated tumors (NET G3)
as a distinct entity has particularly revolutionized our approach to
diagnosis and treatment strategies [6].

Our study aims to address several gaps in the current understanding of
GI-NECs. While previous studies have documented increasing incidence
rates across different geographical regions, real-world data on site-
specific survival patterns and TNM staging distributions remain scarce.
Existing studies have primarily focused on single-institution experiences
or specific anatomical sites, lacking the breadth needed to establish
comparative outcomes across different GI locations. Furthermore, while
the prognostic implications of tumor grade and differentiation are well-
established, the relationship between anatomical location and survival
outcomes remains inadequately characterized. By analyzing a large,
multi-institutional cohort through TriNetX, our study provides
significant insights into site-specific staging patterns, subsite variations
in survival, and the prognostic implications of anatomical location.

The aim of our paper is to conduct an analysis of real-world
epidemiological data using the TriNetX platform. We aim to bridge
critical knowledge gaps in understanding the contemporary landscape of
GI-NECs. This investigation is particularly pertinent given the reported
poor prognosis of metastatic cases [7] and the imperative need for
precise classification to guide treatment decisions [8].

2. Methods

2.1. Study Design and Data Source:

In this retrospective cohort study, we utilized the data from the TriNetX
Research Network, which includes around 197 million electronic health
records to the date from about 160 healthcare organizations around the
world, mainly in the United States [9], but also including around a total
of 21 countries from all over the world
(https:/trinetx.com/solutions/live-platform/). The dataset provides rich
patient-level  information, including demographics, diagnoses,

treatments, procedures, and outcomes, coded using standard medical
classification systems such as ICD-10 and CPT. Our analysis focused on
extracting comprehensive data specifically related to GI-NECs across
multiple anatomical sites within the gastrointestinal tract, up to
November 2024.

2.2. Study Population and Cohort Definition:

We systematically identified patients with histologically confirmed
NECs using the International Classification of Diseases for Oncology,
Third Edition (ICD-O-3) morphology code 8246/3. Our study
encompassed primary GI-NECs originating from five distinct
anatomical locations: stomach, pancreas, liver and intrahepatic biliary
ducts, small intestine, and large intestine, as defined by the International
Classification of Diseases, Tenth Revision, Procedure Coding System
(ICD-10-PCS). To maintain diagnostic precision and cohort
homogeneity, we explicitly excluded cases of well-differentiated
neuroendocrine tumors (ICD-O 8240/3) and neuroendocrine neoplasms
originating from sites outside our predefined anatomical regions of
interest.

2.3. Data Extraction and Variables:

Through the TriNetX explore cohort tool, we extracted comprehensive
demographic characteristics for each anatomical site-specific cohort,
including age at diagnosis, sex distribution, and racial demographics. To
ensure accurate staging information, we utilized the TriNetX oncology
module to identify and classify cases according to the TNM staging
system. This approach allowed us to stratify cases based on tumor extent
(T), lymph node involvement (N), and presence of distant metastasis
(M), providing crucial insights into disease presentation and progression
patterns.

2.4. Survival Analysis:

For survival analysis, we employed the Cox proportional hazards model
after verifying the proportional hazards assumption using Schoenfeld
residuals. The model included the following covariates: age, gender,
race, anatomical site, TNM stage, and presence of metastasis. The
proportionality assumption was tested globally and for each covariate.
Time-dependent covariates were created and tested when the
proportional hazards assumption was violated.

2.5. Statistical Considerations:

The TriNetX statistical analysis framework is designed to handle
potential confounding factors and ensure robust comparative analyses
across different anatomical sites and patient subgroups. We utilized the
built-in statistical capabilities of the TriNetX platform, which
automatically adjusts for demographic variations and accounts for
missing data patterns in the real-world dataset. Missing data was handled
automatically by TriNetX platform without any action from our side.

3. Results

Our analysis encompassed 4,515 patients with confirmed all body from
different various sites across different anatomical sites. The
demographic profile revealed a relatively balanced gender distribution
(47.27% male, 47.35% female) with a mean age of 71 & 14 years (range:
18-90 years). The cohort predominantly comprised White patients
(52.71%), followed by Black or African American (12.56%) and Asian
(1%) populations, with 33.73% categorized as Other/Unknown race.
Among those with documented ethnicity, 55.13% were identified as Not
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Hispanic or Latino, while 3.81% were Hispanic or Latino.

3.1. Anatomical Distribution and Staging:

The Unknown primary sites were the most common (n=692) followed
by Small intestinal NECs (n=682), large intestine (n=269), pancreas
(n=252), and stomach (n=193). Liver and intrahepatic biliary ducts
represented the least common primary site (n=71), as listed in (Table 1).
TNM staging analysis revealed variable patterns across anatomical
locations (Table 2). For T-staging, 23% of all cases were classified as
TX, indicating challenges in primary tumor assessment. Among staged
tumors, T1 (16%) and T2 (15%) were most prevalent, followed by T3
(13%) and T4 (9%). Notably, the small intestine demonstrated a higher
proportion of T3 tumors (21%) compared to other sites.

Nodal involvement analysis showed that 31% of cases were NO, while
17% were N1, with significant variations across sites. The small intestine
exhibited the highest rate of N1 disease (39%), whereas liver and
intrahepatic biliary tract cases showed predominantly early or
undetermined nodal status. Metastatic disease (M1) was present in 27%
of all cases, with the highest proportion observed in small intestinal
NECs (32%) and liver/biliary NECs (13% of documented cases).

3.2. Survival Analysis:

Five-year overall survival rates demonstrated marked variations across
anatomical sites and subsites (Table 3). Small intestinal NECs showed
the most favorable prognosis with a 37.5% five-year survival rate, with
rates varying by specific location (duodenum 32.8%, jejunum 36.9%,
ileum 38.4%). Colorectal NECs demonstrated the second-best survival
outcomes at 31.8%, with notable variations between subsites - ranging
from 26.4% in cecal NECs to 44.8% in appendiceal NECs. Gastric NECs
showed intermediate survival rates (23.7%), with some variation
between cardia (19.4%) and body/fundus (24.2%) locations (Figure 1).
Pancreatic NECs demonstrated poorer outcomes with a 15.9% five-year
survival rate, showing modest variations based on anatomical location
within the pancreas (head 13.8%, body 16.2%, tail 17.1%). Hepatic and
biliary NECs exhibited the poorest prognosis with an 11.4% five-year
survival rate, with intrahepatic lesions showing particularly poor
outcomes (8.9%). These survival patterns correlate with the staging
distributions observed across different anatomical sites, reflecting the
impact of disease extent on patient outcomes.

Table 1: Demographics for All Sites

3.3. Site-Specific Patterns and TNM

Distributions:

Epidemiological

3.3.1. Stomach:

Among gastric NECs (n=193), the cardia accounted for 24 cases, while
the body/fundus comprised 27 cases. Tumor staging indicated that 28%
of cases were classified as TX, reflecting incomplete tumor assessment.
The proportions of T1 and T2 cases were 24% and 13%, respectively,
with notable staging challenges in the cardia.

3.3.2. Pancreas:

Pancreatic NECs (n=252) displayed distinct anatomical subsites, with
the head of the pancreas (n=213) showing the highest proportion of T3
lesions (23%). The tail of the pancreas demonstrated a more favorable
distribution with a significant proportion of T2 cases (32%) compared to
the head (22%).

3.3.3. Small Intestine:

The small intestine (n=682) demonstrated significant variation between
its subsites: duodenum (n=120), jejunum (n=19), and ileum (n=207).
Notably, T3 staging was more prevalent in the ileum (27%) and jejunum
(53%), suggesting a pattern of advanced local invasion in these subsites.
Nodal involvement was highest in ileal NECs

3.3.4. Liver and Intrahepatic Biliary Ducts:

Liver and intrahepatic biliary NECs (n=71) exhibited the poorest TNM
profile, with 15% of cases classified as TX and a significant proportion
of patients presenting with metastatic disease (M1). This aligns with the
aggressive nature of NECs in this anatomical site.

3.3.5. Unknown Primary Sites:
A substantial cohort (n=692) had NECs of unknown primary origin.
These cases exhibited the highest mean age at diagnosis (73 + 13 years)
and significant staging ambiguity, with 14% categorized as TX. The high
proportion of M1 staging (29%).

3.4. Comparative Insights Across Sites:

A comprehensive analysis revealed that the proportion of advanced-
stage (T3/T4) disease was highest in the small intestine and pancreas,
with lower stages more common in stomach NECs. Lymph node
involvement (N1) was most frequent in small intestine NECs (39%),
with markedly lower rates in liver and biliary tract cases.

Characteristic All Sites* Small Intestine Unknown Sites Large Intestine Pancreas Stomach Liver and Intra-Hepatic Ducts
Number of Patients 4515 682 692 269 252 193 71

Age (mean + SD) 71+ 14 70+ 12 73+£13 67+16 68 + 14 68+ 15 70+ 12

Age range (years) 18-90 29-90 31-90 18-90 24-90 20-90 32-90

Male (%) 52.63 52.66 51.14 46.45 53.47 55.19 49.25

Female (%) 47.37 47.34 48.86 53.55 46.53 44.81 50.75

White (%) 80.77 87.89 78.42 84.45 83.65 75.77 75.61

Black or African American (%) 19.23 12.11 21.58 15.55 16.35 24.23 24.39

Hispanic or Latino (%) 6.47 4.81 6.15 9.48 8 10.53 25.64

Not Hispanic or Latino (%) 93.53 95.19 93.85 90.52 92 89.47 74.36

*Total cohort (N=4,515) comprises patients with single confirmed anatomical sites shown above (n=2,356) and those with multiple site involvement (n=1,892) or indeterminate primary location (n=267).

Demographic percentages are calculated from available data, excluding missing values. All included cases met histopathological criteria for GI-NEC diagnosis
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Table 2: TNM Classification for Our Cohort

Category Stage All (n=2892)* Small Intestine (n=493) Large Intestine (n=210) Stomach (n=145) Pancreas (n=160) Liver and Intra-Hepatic Biliary Ducts (n=142)
X 1042 (23%) 172 (25%) 98 (36%) 54 (28%) 58 (23%) 94 (14%)
TO 18 (0%) 10 (1%) 10 (4%) 10 (5%) 10 (4%) 10 (1%)
Tl 719 (16%) 69 (10%) 48 (18%) 46 (24%) 37 (15%) 24 (3%)
T Suge T2 672 (15%) 97 (14%) 35 (13%) 26 (13%) 30 (12%) 14 (2%)
T3 565 (13%) 146 (21%) 50 (19%) 16 (8%) 29 (12%) 12 2%)
T4 407 (9%) 93 (14%) 31 (12%) 22 (11%) 13 (5%) 15 (2%)
NO 1397 (31%) 164 (24%) 110 (41%) 79 (41%) 83 (33%) 46 (7%)
N1 747 (17%) 268 (39%) 75 (28%) 35 (18%) 33 (13%) 17 (2%)
N Stage N2 284 (6%) 21 (3%) 12 (4%) 10 (5%) 10 (4%) 10 (1%)
N3 125 (3%) 10 (1%) 0 (0%) 10 (5%) 0 (0%) 10 (1%)
NX 883 (20%) 131 (19%) 61 (23%) 40 (21%) 56 (22%) 88 (13%)
Mo 1468 (33%) 246 (36%) 109 (41%) 87 (45%) 68 (27%) 46 (7%)
M Stage Ml 1234 (27%) 216 (32%) 84 (31%) 55 (28%) 73 (29%) 88 (13%)

*Data presented includes 2,892 patients with available staging information. TX cases (n=1,042) represent histologically confirmed GI-NECs where primary tumor assessment was technically limited. TO

cases (n=18) indicate confirmed metastatic disease without identifiable primary tumors on imaging. Percentages are calculated based on available staging data per anatomical site. Staging completeness

varies by anatomical location and diagnostic accessibility. TX = primary tumor cannot be assessed; TO = no evidence of primary tumor; T1-T4 = increasing degrees of primary tumor invasion; NO = no

regional lymph node metastasis; N1-N3 = increasing degrees of regional lymph node involvement; NX = regional lymph nodes cannot be assessed; M0 = no distant metastasis; M1 = distant metastasis

present.

Figure 1: Cox-Hazard Survival Curve By Anatomical Site.
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4. Discussion

Our analysis of GI-NECs using the TriNetX database uncovers valuable
insights into epidemiological trends, staging distributions, and survival
outcomes across various anatomical sites. The balanced gender
distribution and predominant occurrence in older adults (mean age: 71 +
14 years) align with previous epidemiological studies. However, our
cohort demonstrated a slightly higher mean age compared to the median
age of 65 years reported in the Norwegian registry data from 1993 to
2010 [10]. The racial distribution in our study, with a predominance of
White patients (52.71%), reflects similar patterns observed in other
large-scale epidemiological studies, though our cohort demonstrated a
higher proportion of Black or African American patients (12.56%)
compared to previous reports.

This variation might reflect advancements in diagnostic capabilities for
small intestinal NECs, as highlighted by Koffas et al. (2023), or real
geographical differences in disease distribution [11]. Our finding of a
substantial proportion of cases with unknown primary sites (n=692)
underscores the diagnostic challenges emphasized by Koffas et al.,
(2023) further reinforcing the need for enhanced diagnostic strategies,
such as PET/CT imaging and circulating tumor cell analysis [11].

The TNM staging descriptive data revealed important patterns that
impact clinical management. The high proportion of TX classification
(23%) across all sites in our study underscores persistent challenges in
primary tumor assessment, particularly in anatomically challenging
locations. These findings align with Merola et al. (2020), who
highlighted the complexities of achieving accurate histopathological
diagnoses in GEP-NENS, particularly in non-specialist settings [12].
Similarly, the higher proportion of T3 tumors in small intestinal NECs
(21%) compared to other sites suggests a potential delay in diagnosis,
likely due to the anatomical location and nonspecific presenting
symptoms, as noted by Lee et al. (2019), who emphasized the advanced
presentation of small intestinal NECs due to diagnostic difficulties [13].
Survival outcomes in our study demonstrated marked variations across
anatomical sites, with small intestinal NECs showing the most favorable
five-year survival rate (37.5%). This finding contrasts with earlier
studies, such as Alese et al. (2019), which reported poor survival
outcomes for high-grade GI NECs overall, emphasizing the aggressive
nature of these tumors [14]. The particularly poor prognosis observed in
hepatic and biliary NECs (11.4% five-year survival) is consistent with
the aggressive nature of high-grade NECs described by Venizelos et al.
(2021), who highlighted their molecular complexity and limited
treatment options [15]. The variation in survival rates between different
subsites within the same organ system (e.g., appendiceal NECs at 44.8%
versus cecal NECs at 26.4%) highlights the prognostic influence of
anatomical location. While our findings may relate to differences in
lymphatic drainage patterns and detection timing, site-specific molecular
heterogeneity, as discussed by Venizelos et al. (2021), could also play a
role [15].

Our observation of higher nodal involvement in small intestinal NECs
(39% NI disease) emphasizes the aggressive nature of these tumors.
While Burkart et al. (2018) primarily explored molecular targets like

BRAF mutations, their findings highlight the metastatic potential of
gastrointestinal NECs, which may correlate with lymphotropic behavior
[16]. The presence of metastatic disease in 27% of all cases at diagnosis
underscores the aggressive nature of GI-NECs and aligns with
observations by Chen et al. (2021) regarding late-stage presentation [17].
The particularly poor outcomes in hepatic and biliary NECs (8.9% five-
year survival for intrahepatic lesions) reflect the challenges in managing
these anatomically complex tumors. Mestre-Alagarda et al. (2023)
highlighted the molecular heterogeneity and poor prognosis associated
with aggressive NETs and NECs, which likely contribute to the
difficulties in treatment [18]. The significant variation in survival
outcomes between different anatomical subsites highlights the
importance of site-specific approaches to management. For instance, the
relatively better outcomes in appendiceal NECs (44.8% five-year
survival) compared to other colorectal sites suggest potential biological
differences that warrant further investigation. The gradual deterioration
in survival rates from proximal to distal pancreatic NECs (tail 17.1% vs.
head 13.8%) may reflect differences in presentation timing and surgical

accessibility.

Table 3: Five-Year Survival Rate in Our Cohort.
Anatomical Site 5-Year Overall Survival (%)
Stomach NECs (All) 23.7
Stomach Cardia 19.4
Stomach Body/Fundus 242
Pancreatic NECs (All) 15.9
Head of Pancreas 13.8
Body of Pancreas 16.2
Tail of Pancreas 17.1
Hepatic and Biliary NECs (All) 11.4
Intrahepatic 8.9
Colorectal NECs (All) 31.8
Cecum 26.4
Appendix 44.8
Ascending Colon 27.9
Sigmoid Colon 324
Rectum 36.7
Small Intestinal NECs (All) 37.5
Duodenum 32.8
Jejunum 36.9
Tleum 384

Our study has several important limitations that warrant consideration.
First, the predominant representation of U.S. healthcare organizations in
the TriNetX database may introduce geographic and demographic
biases. While our cohort showed diversity in racial distribution (52.71%
White, 12.56% Black or African American), these proportions may not
accurately reflect global population demographics, potentially limiting
generalizability to other geographic regions, particularly Asia and South
America, where GI-NEC epidemiology may differ substantially.
Second, inherent to retrospective database studies, our analysis is subject
to several potential biases. Coding inaccuracies and misclassification
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errors may exist, particularly in distinguishing between well-
differentiated NETs and poorly differentiated NECs, as this distinction
often requires detailed histopathological review. The high proportion of
unknown primary sites (n=692) and TX classification (23%) might
reflect both genuine diagnostic challenges and documentation
limitations within the database. Third, our study's temporal scope may
not fully capture recent advances in diagnostic techniques and
therapeutic approaches. The rapid evolution of molecular profiling and
targeted therapies in NECs means that some patients in our cohort may
have received different standard-of-care treatments depending on their
diagnosis date. Advanced molecular techniques, such as the use of liquid
biopsies to complement solid tumor analyses, as suggested by
Knappskog et al. (2023), could improve the identification of targetable
mutations and enhance biomarker assessment, particularly in patients
with limited tumor tissue availability [19].

The applicability of our findings across different healthcare settings
requires careful consideration. While our results demonstrate clear
anatomical site-specific survival patterns, these outcomes may vary in
healthcare systems with different diagnostic capabilities and treatment
accessibility. For instance, the superior survival rates observed in small
intestinal NECs (37.5%) may reflect earlier detection in well-resourced
healthcare settings, and these outcomes might not be reproducible in
regions with limited access to advanced imaging or surgical expertise.
The demographic characteristics of our cohort, particularly the mean age
of 71 years and racial distribution, should be considered when applying
these findings to different populations. Healthcare systems serving
younger populations or different ethnic compositions may observe
varying patterns of disease presentation and outcomes. Additionally, the
treatment patterns and survival outcomes observed in our U.S.-
predominant cohort may not directly translate to healthcare systems with
different organizational structures or resource availability.

Despite these limitations, our study's large sample size and detailed
anatomical analysis provide valuable insights for clinical practice. The
observed survival differences between subsites within organs (e.g.,
appendiceal versus cecal NECs) remain relevant across different
healthcare settings, as they likely reflect underlying biological
differences rather than treatment variations. Furthermore, our findings
regarding the poor prognosis of hepatic and biliary NECs (11.4%
survival) highlight a universal need for improved therapeutic strategies
for these anatomical locations, regardless of geographic setting.

5. Conclusions

Our large-scale analysis of GI-NECs through the TriNetX database
reveals critical patterns that significantly impact patient care and
outcomes. The marked variations in survival rates across anatomical
sites, ranging from 44.8% in appendiceal NECs to 8.9% in intrahepatic
lesions emphasize the necessity for site-specific treatment approaches
rather than a one-size-fits-all strategy. The high proportion of advanced-
stage disease at diagnosis, particularly in small intestinal NECs with
39% showing N1 disease, underscores the urgent need for improved
early detection methods. The high number of cases with unknown
primary sites (n=692) and high TX classification rates (23%) highlights
a critical gap in current diagnostic capabilities. This finding suggests the
potential value of implementing standardized diagnostic algorithms
incorporating advanced imaging techniques and molecular profiling.
Furthermore, the notably poor outcomes in hepatic and biliary NECs
(11.4% five-year survival) identify a specific patient subgroup requiring

innovative therapeutic strategies. Our findings have direct implications
for clinical practice, supporting the development of anatomical site-
specific treatment protocols and suggesting the need for more aggressive
surveillance in high-risk anatomical locations. The significant survival
differences between subsites within the same organ system, such as the
variance between appendiceal and cecal NECs, indicate that tumor
location should be a key consideration in prognostication and treatment
planning. Our epidemiological results raise an important concern in
targeted therapies according to anatomical regions, and biomolecular
profiles, particularly in investigating the biological basis for site-specific
outcome variations and developing targeted therapeutic approaches. The
integration of these findings with emerging molecular and genetic data
could further refine our understanding of GI-NECs and lead to more
effective, personalized treatment strategies.
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