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Abstract

Gastrointestinal Neuroendocrine Tumors (GI-NETs) encompass a broad spectrum of neoplasms arising from neuroendocrine 
cells, showcasing diverse clinical manifestations and behaviors. The evolution of GI-NET classification has been marked by 
advancements in histopathology, molecular biology, imaging, and biomarker discovery. Traditional classifications relied 
on histological features, while modern approaches integrate molecular profiling and imaging modalities to refine tumor 
characterization and guide personalized treatment strategies. This mini-review provides an overview of the historical progression 
and current landscape of GI-NET classification systems, highlighting recent breakthroughs in molecular characterization and 
the integration of imaging and biomarkers.
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Introduction

Gastrointestinal well-differentiated Neuroendocrine Tumors 
(GI-NETs) represent a diverse group of neoplasms arising from 
neuroendocrine cells scattered throughout the GI [1-3]. Once 
considered rare entities, the prevalence of GI-NETs has exhibited 
a consistent upward trend in recent decades, likely due to impro-
ved diagnostic techniques and heightened awareness among cli-
nicians [4-8]. Despite their heterogeneity, accurate classification 
of GI-NETs is paramount for guiding treatment decisions and pre-
dicting patient outcomes.

Traditionally, GI-NET classification has relied on histopatholo-
gical features, such as mitotic rate, and Ki-67 proliferation index, 
as outlined in the World Health Organization (WHO) classification 
system [1-9]. While this classification scheme has served as a va-
luable foundation for diagnosis and prognostication, it has certain 
limitations, including interobserver variability and a lack of com-
prehensive molecular characterization.

In recent years, there has been a paradigm shift in the clas-
sification of GI-NETs, driven by advances in molecular biology, 
genetics, and imaging modalities [1,3,10]. These developments 
have led to the identification of distinct molecular subtypes and 
novel biomarkers that offer deeper insights into tumor behavior 
and potential therapeutic targets. Additionally, advanced imaging 
techniques, such as Positron Emission Tomography (PET) and mul-
tiparametric Magnetic Resonance Imaging (MRI), have enabled 
more accurate staging and localization of GI-NETs.

This mini-review aims to provide an overview of recent ad-
vances in GI-NET classification, highlighting the evolving lands-
cape of diagnostic and prognostic markers. By synthesizing cur-
rent knowledge in this rapidly evolving field, we aim to shed light 
on the clinical implications of these advancements and identify 
potential future directions for research.
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Traditional classification of GI-NETs

GI-NETs represent one of the two classes of GI Neuroendocrine 
Neoplasms (NENs), with the other being GI Neuroendocrine Car-
cinomas (NEC) [1]. According to the WHO definition, GI-NETs are 
well-differentiated NENs characterized by the following features 
[1]: 

-	 Cytology: Clean smear, cell monomorphism, medium 
size, round shape, abundant eosinophilic cytoplasm, salt and pep-
per chromatin, and no or very few mitotic figures.

-	 Histology: Organoid structure (solid, trabecular, glandu-
lar, mixed), no necrosis or only spotty, highly vascularized stroma, 
low nuclear/cytoplasm ratio, round-oval shape, and abundant cy-
toplasm.

-	 Immunohistochemistry profiles: CK+, Chromogranin A 
(CgA) +, synaptophysin+, insulinoma-associated protein 1+, and 
Ki-67 low.

Furthermore, the WHO system categorizes GI-NETs based on 
mitotic rate and the Ki-67 proliferation index into three grades, re-
flecting their proliferative activity and histological differentiation: 
Grade 1 tumors typically exhibit low mitotic activity (<2 mitoses/2 
mm2) and/or Ki-67 index (<3%), while Grade 2 tumors display mo-
derate mitotic activity (2-20 mitoses/2 mm2) and/or Ki-67 index 
(3-20%). Grade 3 tumors, on the other hand, demonstrate high 
mitotic activity (>20 mitoses/2 mm2) and/or Ki-67 index (>20%) 
and are associated with aggressive clinical behavior and poor pro-
gnosis [1,3,9].

Recent advances in GI-NET classification

Molecular landscape

Recent studies have elucidated the molecular landscape of GI-
NETs, leading to the identification of distinct molecular subtypes 
with unique genetic alterations and clinical characteristics. No-
tably, chromosomal alterations affecting genes like DAXX, ATRX, 
menin, p27, MEN1, and SSTR2/5 have been linked to specific sub-
types of NETs, including GI-NETs [3,11]. Additionally, mutations in 
genes governing the mTOR pathway and dysregulation of genes 
controlling crucial cellular processes such as cell cycle regula-
tion, apoptosis, and angiogenesis, including p53, Rb, BCL2, and 
VEG, have been implicated in the development of GI-NETs [12-
16]. High PD-L1 expression and microsatellite instability status 
in NECs and may predict responsiveness to immune checkpoint 
inhibitors, opening avenues for personalized treatment [17,18]. 
High ALDH1A1 expression correlates with poor prognosis in GI-
NECs, indicating its potential as a prognostic marker [10]. These 
molecular subtypes offer valuable insights into tumor biology and 
may serve as prognostic and pred] T=ctive markers for treatment 
response.

Additionally, the NETest is an advanced molecular diagnostic 
tool that uses a liquid biopsy to analyze a tumor’s gene expres-
sion. By isolating mRNA, synthesizing cDNA, applying PCR and 
gene analysis, it generates a score from 0 to 100%. Demonstrating 
over 90% sensitivity and specificity, the NETest surpasses traditio-
nal markers like CgA in diagnosing and monitoring NETs, including 
GI-NETs. It can detect disease progression earlier than imaging 
techniques [19].

More recently, circulating tumor DNA (ctDNA), Circulating Tu-
mor Cells (CTC), and microRNAs (miRNA) have emerged as promi-
sing biomarkers for non-invasive monitoring of disease progres-
sion and treatment response [19-21]. 

miRNAs are small, noncoding RNA molecules (about 22 nu-
cleotides long) that regulate gene expression post-transcriptional-
ly. Discovered in 1993, their clinical significance has only recently 
been recognized. In GI-NETs, over 100 miRNAs have shown alte-
red expression. miR-21 and miR-133a are present in both blood 
and tumor tissues of GI-NETs [22]. Other miRNAs, such as miR-
375, hold potential as biomarkers to distinguish between different 
types of pancreatic and gastrointestinal tumors, thereby aiding in 
diagnosis and prognosis [23].

CTCs are cells that detach from a tumor and circulate in the 
bloodstream, potentially causing metastasis. Technologies to de-
tect CTCs emerged in the late 20th century, and the FDA approved 
the first CTC analysis device in 2004. A study noted that 43% of 
midgut NETs had detectable CTCs, particularly in metastatic cases 
[24] and it has been proven that the presence of CTCs is linked to 
a worse prognosis [25].

ctDNA consists of tumor-derived DNA fragments in the 
bloodstream, offering insights into tumor-specific genetic 
changes. Detected first in 1948, ctDNA provides a non-invasive 
alternative to tissue biopsies. In GI-NETs, ctDNA levels correlate 
with tumor characteristics and prognosis. For example, tumors 
with liver metastases or high proliferative indices often show 
higher ctDNA concentrations [26].

Imaging techniques

Advanced imaging modalities play a crucial role in the accurate 
staging and localization of GI-NETs. Somatostatin receptor-based 
PET imaging, utilizing radiolabeled somatostatin analogs, allows 
for the detection and characterization of somatostatin receptor-
positive tumors with high sensitivity and specificity [27]. Functio-
nal MRI techniques, such as diffusion-weighted imaging and dy-
namic contrast-enhanced MRI, provide valuable information on 
tumor perfusion and vascularity, aiding in the differentiation of 
benign and malignant lesions. Furthermore, molecular imaging 
techniques, including Peptide Receptor Radionuclide Therapy 
(PRRT), offer targeted therapeutic options for patients with soma-
tostatin receptor-positive tumors [28].

Artificial intelligence in image analysis

The integration of Artificial Intelligence (AI) and machine lear-
ning algorithms into image analysis holds great promise for im-
proving the accuracy and efficiency of GI-NET classification [29]. 
AI-based approaches can analyze large volumes of imaging data to 
identify subtle patterns and features indicative of tumor biology 
and behavior. Deep learning algorithms trained on multi-parame-
tric imaging datasets have demonstrated superior performance 
in lesion detection, segmentation, and characterization, offering 
potential tools for automated image interpretation and decision 
support in clinical practice [30].

Integration of multi-omics data

The integration of multi-omics data, including genomics, trans-
criptomics, proteomics, and metabolomics, holds the key to a 
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comprehensive understanding of GI-NET biology and classifica-
tion. Integrative analysis of multi-omics data allows for the iden-
tification of molecular signatures and dysregulated pathways dri-
ving tumor development and progression [31,32]. Furthermore, 
systems biology approaches, such as network analysis and pa-
thway modeling, enable the elucidation of complex interactions 
within the tumor microenvironment and the identification of po-
tential therapeutic targets [31,32].

Challenges and future directions

While recent advances in GI-NET classification have signifi-
cantly enhanced our understanding of tumor biology and clinical 
management, several challenges and opportunities for further re-
search and improvement remain.

Tumor heterogeneity: One of the key challenges in GI-NET 
classification is the inherent heterogeneity of these tumors, both 
within individual patients and across different anatomical sites. 
Tumors may exhibit diverse histological, molecular, and clinical 
characteristics, making accurate classification and treatment se-
lection challenging. Future research efforts should focus on eluci-
dating the drivers of tumor heterogeneity and developing robust 
classification systems that account for intra-tumoral diversity.

Biomarker validation: While numerous biomarkers have been 
proposed for GI-NET classification, their clinical utility and repro-
ducibility require further validation in large, multicenter cohorts. 
Standardization of biomarker assays and interpretation criteria is 
essential to ensure consistency and comparability across studies. 
Additionally, longitudinal studies are needed to assess the dyna-
mic changes in biomarker expression over time and their predic-
tive value for treatment response and prognosis.

Integration of multi-omics data: The integration of multi-
omics data, including genomics, transcriptomics, proteomics, and 
metabolomics, holds great promise for advancing our understan-
ding of GI-NET biology and classification. However, challenges 
remain in integrating and analyzing large-scale omics datasets, 
as well as in interpreting the complex interactions within the tu-
mor microenvironment. Development of bioinformatics tools and 
computational algorithms capable of integrating multi-omics data 
and predicting clinical outcomes is crucial for translating omics-
based discoveries into clinical practice.

Imaging challenges: Despite the advancements in imaging 
techniques for GI-NET characterization, challenges such as lesion 
detection, characterization of indeterminate lesions, and diffe-
rentiation of benign and malignant lesions persist. Furthermore, 
the cost and availability of advanced imaging modalities may li-
mit their widespread adoption in clinical practice. Future research 
should focus on addressing these challenges through the develop-
ment of novel imaging probes, quantitative imaging biomarkers, 
and artificial intelligence-based image analysis algorithms.

Therapeutic resistance: While targeted therapies have shown 
promise in the treatment of GI-NETs, therapeutic resistance re-
mains a significant challenge, particularly in the setting of ad-
vanced or metastatic disease. Resistance mechanisms, such as 
activation of alternative signaling pathways, clonal evolution, and 
tumor microenvironment-mediated immune evasion, pose obs-
tacles to treatment efficacy. Future research efforts should aim to 
elucidate the molecular mechanisms underlying therapeutic re-

sistance and identify strategies to overcome or prevent resistance 
development.

Patient-centered outcomes: In the era of personalized medi-
cine, it is essential to prioritize patient-centered outcomes, inclu-
ding quality of life, symptom control, and treatment tolerability, in 
addition to traditional clinical endpoints such as progression-free 
survival and overall survival. Incorporating patient-reported out-
comes and preferences into treatment decision-making and trial 
design is crucial for optimizing patient care and enhancing treat-
ment adherence and satisfaction.

Conclusion

GI-NET classification has evolved significantly, integrating ad-
vances in histopathology, molecular biology, imaging, and bio-
marker discovery. From histological to molecular profiling, the 
landscape has expanded to enable personalized approaches to 
diagnosis and treatment. Recent advances have reshaped patient 
management and clinical trial design, offering promise for impro-
ved outcomes.

Conflicts of interest: The author declare no conflict of interest 
in relation to this study.

References

1.  Rindi G, Mete O, Uccella S, Basturk O, La Rosa S, et al. Overview of 
the 2022 WHO Classification of Neuroendocrine Neoplasms. En-
docrine Pathology. 2022; 33(1); 115-54.

2.  Rindi G, Luinetti O, Cornaggia M, Capella C, Solcia E. Three sub-
types of gastric argyrophil carcinoid and the gastric neuroendo-
crine carcinoma; A clinicopathologic study. Gastroenterology. 
1993; 104(4); 994-1006.

3.  Panzuto F, Ramage J, Pritchard DM, van Velthuysen M-LF, Schrader 
J, et al. European Neuroendocrine Tumor Society (ENETS) 2023 gui-
dance paper for gastroduodenal neuroendocrine tumours (NETs) 
G1-G3. Journal of Neuroendocrinology. 2023; 35(8); e13306.

4.  Dasari A, Shen C, Halperin D, Zhao B, Zhou S, et al. Trends in the 
Incidence, Prevalence, and Survival Outcomes in Patients With 
Neuroendocrine Tumors in the United States. JAMA Oncol. 2017; 
3(10); 1335-42.

5.  Fraenkel M, Kim MK, Faggiano A, Valk GD. Epidemiology of gas-
troenteropancreatic neuroendocrine tumours. Best Practice & Re-
search Clinical Gastroenterology. 2012; 26(6); 691-703.

6.  Modlin IM, Lye KD, Kidd M. A 50-Year Analysis of 562 Gastric Carci-
noids;  Small Tumor or Larger Problem? Am J Gastroenterol. 2004; 
99(1); 23-32.

7.  Yao JC, Hassan M, Phan A, Dagohoy C, Leary C, et al. One Hundred 
Years After Carcinoid;  Epidemiology of and Prognostic Factors for 
Neuroendocrine Tumors in 35,825 Cases in the United States. JCO. 
2008; 26(18); 3063-72.

8.  Trends in the Incidence, Prevalence, and Survival Outcomes in Pa-
tients With Neuroendocrine Tumors in the United States | Onco-
logy | JAMA Oncology | JAMA Network.

9.  Nagtegaal ID, Odze RD, Klimstra D, Paradis V, Rugge M, et al. The 
2019 WHO classification of tumours of the digestive system. Histo-
pathology. 2020; 76(2); 182-8.

10.  Exarchou K, Stephens NA, Moore AR, Howes NR, Pritchard DM. 
New Developments in Gastric Neuroendocrine Neoplasms. Cur-



www.journalononcology.org          4

rent Oncology Reports. 2022; 24(1); 77-88.

11.  Uccella S, La Rosa S, Metovic J, Marchiori D, Scoazec JY, et al. Ge-
nomics of High-Grade Neuroendocrine Neoplasms;  Well-Differen-
tiated Neuroendocrine Tumor with High-Grade Features (G3 NET) 
and Neuroendocrine Carcinomas (NEC) of Various Anatomic Sites. 
Endocrine Pathology. 2021; 32(1); 192-210.

12.  Lamberti G, Ceccarelli C, Brighi N, Maggio I, Santini D, et al. Deter-
mination of Mammalian Target of Rapamycin Hyperactivation as 
Prognostic Factor in Well-Differentiated Neuroendocrine Tumors. 
Gastroenterol Res Pract. 2017; 2017; 7872519.

13.  Chan J, Kulke M. Targeting the mTOR Signaling Pathway in Neu-
roendocrine Tumors. Current Treatment Options in Oncology. 
2014; 15(3); 365-79.

14.  Chen S, Sun L, Chen H, Li J, Lu C, et al. Clinicopathological and gene-
tic characteristics of gastric neuroendocrine tumour (NET) G3 and 
comparisons with neuroendocrine carcinoma and NET G2. Histo-
pathology. 2023; 83(5); 700-11.

15.  Xing J, Chen J, You T, Sun Z, Lu T, et al. Expression of p53 and Rb 
reveal subtypes of gastric neuroendocrine carcinoma with distinct 
prognosis. Journal of Neuroendocrinology. 2023; 35(4); e13257.

16.  Guo Y, Zhang L, Zhang N, Chen L, Luo Q, et al. Bcl-2 and Noxa are 
potential prognostic indicators for patients with gastroenteropan-
creatic neuroendocrine neoplasms. Endocrine. 2022; 78(1); 159-
68.

17.  Yamashita S, Abe H, Kunita A, Yamashita H, Seto Y, et al. Program-
med cell death protein 1/programmed death ligand 1 but not 
HER2 is a potential therapeutic target in gastric neuroendocrine 
carcinoma. Histopathology. 2021; 78(3); 381-91.

18.  Sahnane N, Furlan D, Monti M, Romualdi C, Vanoli A, et al. Mi-
crosatellite unstable gastrointestinal neuroendocrine carcinomas;  
a new clinicopathologic entity. Endocrine-Related Cancer. 2015; 
22(1); 35-45.

19.  Modlin IM, Kidd M, Malczewska A, Drozdov I, Bodei L, et al. The 
NETest. Endocrinology and Metabolism Clinics of North America. 
2018; 47(3); 485-504.

20.  Miller HC, Frampton AE, Malczewska A, Ottaviani S, Stronach EA, 
et al. MicroRNAs associated with small bowel neuroendocrine 
tumours and their metastases. Endocrine-Related Cancer. 2016; 
23(9); 711-26.

21.  Cavalcanti E, Galleggiante V, Coletta S, Stasi E, Chieppa M, et al. Al-
tered miRNAs Expression Correlates With Gastroenteropancreatic 
Neuroendocrine Tumors Grades. Front Oncol. 2020; 10.

22.  Malczewska A, Kidd M, Matar S, Kos-Kudla B, Irvin. A Comprehen-
sive Assessment of the Role of miRNAs as Biomarkers in Gastroen-
teropancreatic Neuroendocrine Tumors. Neuroendocrinology. 
2018; 107(1); 73-90.

23.  Arvidsson Y, Rehammar A, Bergström A, Andersson E, Altiparmak 
G, et al. miRNA profiling of small intestinal neuroendocrine tumors 
defines novel molecular subtypes and identifies miR-375 as a bio-
marker of patient survival. Modern Pathology. 2018; 31(8); 1302-
17.

24.  Khan MS, Tsigani T, Rashid M, Rabouhans JS, Yu D, et al. Circulating 
Tumor Cells and EpCAM Expression in Neuroendocrine Tumors. 
Clinical Cancer Research. 2011; 17(2); 337-45.

25.  Hsieh JCH, Chen GY, Jhou DDW, Chou WC, Yeh CN, et al. The Pro-
gnostic Value of Circulating Tumor Cells in Asian Neuroendocrine 
Tumors. Scientific Reports. 2019; 9(1).

26.  Oversoe SK, Sorensen BS, Tabaksblat EM, Gronbaek H, Kelsen J. 
Cell-Free DNA and Clinical Characteristics in Patients with Small 
Intestinal or Pancreatic Neuroendocrine Tumors. Neuroendocrino-
logy. 2022; 112(1); 43-50.

27.  Barrio M, Czernin J, Fanti S, Ambrosini V, Binse I, et al. The Impact 
of Somatostatin Receptor–Directed PET/CT on the Management 
of Patients with Neuroendocrine Tumor;  A Systematic Review and 
Meta-Analysis. Journal of Nuclear Medicine. 2017; 58(5); 756-61.

28.  Van Der Zwan WA, Bodei L, Mueller-Brand J, De Herder WW, Kvols 
LK, et al. GEP-NETs UPDATE;  Radionuclide therapy in neuroendo-
crine tumors. European Journal of Endocrinology. 2015; 172(1); 
R1-R8.

29.  Yücel Z, Akal F, Oltulu P. Automated AI-based grading of neuroen-
docrine tumors using Ki-67 proliferation index;  comparative eva-
luation and performance analysis. Medical & Biological Enginee-
ring & Computing. 2024.

30.  Pantelis AG, Panagopoulou PA, Lapatsanis DP. Artificial Intelligence 
and Machine Learning in the Diagnosis and Management of Gas-
troenteropancreatic Neuroendocrine Neoplasms-A Scoping Re-
view. Diagnostics. 2022; 12(4); 874.

31.  Melone V, Salvati A, Palumbo D, Giurato G, Nassa G, et al. Identi-
fication of functional pathways and molecular signatures in neu-
roendocrine neoplasms by multi-omics analysis. Journal of Trans-
lational Medicine. 2022; 20(1).

32.  Yachida S, Totoki Y, Noë M, Nakatani Y, Horie M, et al. Compre-
hensive Genomic Profiling of Neuroendocrine Carcinomas of the 
Gastrointestinal System. Cancer Discovery. 2022; 12(3); 692-711.


