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Abstract
Neuroendocrine neoplasms (NENs) originating in the gastroenteropancreatic (GEP) tract are rare tumors often associated 
with significant metabolic disturbances and nutritional challenges. This review explores the intricate relationship between 
nutritional status and the development, progression, and prognosis of GEP-NENs. Through an extensive literature search 
encompassing studies up to April 2024, we examined various factors, including obesity, malnutrition, metabolic syndrome 
and type 2 diabetes mellitus, and their roles in the development and progression of GEP-NENs. The review highlights the 
dual role of obesity, both as a risk factor and a potential prognostic indicator, drawing attention to the ‘obesity paradox’ 
observed in cancer research. Additionally, we discuss the impact of malnutrition on patient outcomes and emphasize the need 
for comprehensive nutritional assessments beyond BMI. This analysis highlights the importance of incorporating nutritional 
interventions into preventive and therapeutic strategies for GEP-NEN patients. Future research should further clarify these 
associations and develop personalized nutritional management protocols to improve patient prognosis and quality of life. 
Acronyms adopted in the text and tables: AOR: adjusted odd ratio, BIA: Bioelectrical Impedance Analysis, BMI: Body 
Mass Index, CI: confidence interval, CLARINET: Controlled Study of Lanreotide Antiproliferative Response in Neuroen-
docrine Tumor, FLI: fatty liver index, GEP: gastroenteropancreatic, GLIM: global leadership into malnutrition, HR: hazard 
ratio, MS: metabolic syndrome, MUST: malabsorption universal screening tool, NEC: neuroendocrine carcinoma, NENs: 
Neuroendocrine neoplasms, NETs: Neuroendocrine tumors, NRS: Nutritional Risk Screening, OR: odd ratio, OS: overall 
survival, PFS: progression-free survival, RR: risk ratio, SGA: Subjective Global Assessment, T2DM: type 2 diabetes mel-
litus, VAI: visceral adiposity index, WD: well-differentiated,
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1  Introduction

Adequate nutrition is essential for overall health and the 
prevention of various diseases. Malnutrition, whether from 
undernutrition or overnutrition, can significantly increase 
the risk and progression of a wide range of health prob-
lems, including cancer. Many of these effects are likely 
mediated by the development of obesity and related 
comorbidities, such as metabolic syndrome (MS) and type 
2 diabetes mellitus (T2DM). Although the term ‘malnu-
trition’ technically encompasses both undernutrition and 
overnutrition, it is often used interchangeably with ‘under-
nutrition,’ as is done in this article. In cancer patients, mal-
nutrition results from a combination of anorexia and meta-
bolic disturbances induced by the tumor or its treatment, 
leading to cachexia. This can worsen prognosis, increase 
therapy toxicity, and reduce therapeutic response [1–3].

Neuroendocrine neoplasms (NENs) are rare tumors 
that primarily arise from the gastroenteropancreatic 
(GEP) tract [4]. In most patients with GEP-NENs, energy 
metabolism and nutritional status are disrupted due to 
the excessive production of several peptides, amines, and 
gastrointestinal hormones. These hormonal imbalances 
can lead to metabolic disorders and clinical syndromes, 
including diarrhea, steatorrhea, and malabsorption, which 
further contribute to nutritional deficiencies and metabolic 
disturbances. In addition, several studies have shown that 
obesity and related metabolic disorders may affect the 
development and progression of NENs [5]. However, the 
relationship between nutritional status and GEP-NENs 
remains highly controversial, similar to observations 
in other types of cancer where the ‘obesity paradox’ is 
debated [5]. This concept suggests that obesity may serve 
as both a risk factor and, paradoxically, a positive prognos-
tic or predictive factor in cancer patients [6].

This paper provides a comprehensive overview on the 
role of nutritional status in both the development and pro-
gression of GEP-NENs, as well as its consequences result-
ing from the disease itself, with a focus on preventive and 
therapeutic approaches in clinical practice.

2 � Materials and methods

A comprehensive literature search was conducted using 
online databases, including PubMed, ISI Web of Science 
and Scopus. The search was performed up to April 2024, 
by using a combination of keywords such as “nutrition”, 
“malnutrition”, “cachexia”, “obesity”, “Body Mass Index 
(BMI)”, “metabolic syndrome”, “diabetes”, “neuroendo-
crine neoplasms” and “neuroendocrine tumors”. In this 

review, we included articles that met the following crite-
ria: English language and published in peer-reviewed jour-
nals. We excluded articles that were irrelevant to the topic, 
duplicates, or written in languages other than English.

3 � Nutritional status as risk factor 
for the development of GEP‑NENs

Obesity and its related comorbidities have been found to 
elevate the risk of developing GEP-NENs (Table 1).

In a meta-analysis, obesity, measured in terms of BMI, 
emerged as a risk factor for pancreatic NETs (adjusted 
summary effect of 1.37, 95% CI 0.25–7.69, p < 0.001), but 
not for those of the intestine and rectum [7]. However, it 
is important to consider that this analysis, by the authors’ 
own admission, was based on conflicting results from three 
case-control studies [8–10]. In fact, an increased risk of 2–5 
times for pancreatic NETs was associated with higher BMI 
in 2 studies, as described by Zhan et al. and Halfdanarson 
et al. [8, 9]. Conversely, a cross-sectional study highlighted 
a significant reduction in occurrence of pancreatic NETs 
among overweight and obese individuals compared to the 
control population [10]. When stratified by sex, the inverse 
association between overweight and obesity and pancreatic 
NETs was observed only in men. Interestingly, this study 
reported an inverse association of overweight and obesity 
with small bowel NETs in both men and women. Addition-
ally, the inverse association between overweight and the risk 
of gastric NETs was found only in men [10]. Other studies 
have reported a direct association between high BMI and 
GEP-NENs. A study examining 124 patients with NETs 
of the small intestine reported a twofold increased risk for 
individuals with a BMI ≥ 35 compared to those with a BMI 
of 18.5 to < 25 kg/m² [11]. In this context, the authors sug-
gested that pinpointing adjustable risk factors for NETs, such 
as weight control, might also reduce the risk of other types 
of cancer. Indeed, individuals with NETs of the small intes-
tine face a threefold increased risk of developing colorectal 
cancer and a 60% higher risk of other malignancies [12, 13].

More recently, a retrospective case-control study (148 
GEP-NENs and 210 controls) identified obesity as an inde-
pendent risk factor for these neoplasms. The majority of 
GEP-NENs were classified as G1 and G2 NETs (91.9%). 
The prevalence of obesity was significantly higher among 
patients than controls (44.1% vs. 28.1%, p = 0.002), with 
a multivariate odds ratio of 1.88 (95% CI 1.18–2.99, 
p = 0.007). In a subanalysis dividing the cohort into two 
groups (pancreatic NENs: 75 patients, intestinal NENs: 73 
patients), obesity was confirmed as a risk factor for both 
pancreatic and intestinal NENs [14].

Further evidence suggesting that obesity may be a risk 
factor for GEP-NETs comes from incidental findings during 
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Table 1   Summary of nutritional status parameters representing risk 
factors for GEP-NENs. For each nutritional and metabolic parameter, 
the type of NEN, the measure of association, or the frequency in the 

affected and control populations, and related references are reported. 
The p-value was not reported for all measures of association or fre-
quencies due to its unavailability in the original references

AOR Adjusted Odd Ratio, BMI Body Mass Index, CI Confidence Interval, GEP Gastroenteropancreatic, HR Hazard Ratio, MS Metabolic Syn-
drome, MUST malabsorption universal screening tool, NEC Neuroendocrine Carcinoma, NEN Neuroendocrine Neoplasm, NET Neuroendocrine 
Tumor, OR Odd Ratio, T2DM Type 2 Diabetes Mellitus

Risk factor Type of NEN Measures of associations or frequence Reference

BMI Pancreatic NET An increased risk in patients with higher BMI (OR 1.37, 95% CI 
0.25–7.69, p < 0.001)

[7]

Insulinoma An increased risk in patients with higher BMI (OR 5.31, 95% CI 
3.51–8.04, p < 0.0001)

[8]

Pancreatic NET An increased risk in patients with higher BMI (OR 1.65, 95% CI 
1.11–2.45, p = 0.0126)

[9]

Pancreatic, small bowel and gastric NETs Inverse association of overweight (AOR 0.4, 95% CI 0.2–0.7) and 
obesity (AOR 0.2, 95% CI 0.1–0.4) with the risk of pancreatic NET 
in men

Inverse association of overweight (AOR 0.3, 95% CI 0.2–0.6) and obe-
sity (AOR 0.3, 95% CI 0.1–0.4) with the risk of small bowel NET in 
both men and women

Inverse association of overweight with the risk of gastric NET risk in 
men (AOR 0.7, 95% CI 0.1–0.4)

[10]

NET of the small intestine An increased risk in patients with BMI ≥ 35 (HR 1.95, 95% CI 
1.06–3.58, P-trend = 0.025)

[11]

Pancreatic and intestinal NENs Obesity was associated with an increased risk of pancreatic NENs (OR 
1.98, 95% CI 1.11–3.52, p = 0.020) and intestinal NENs (OR 1.90, 
95% CI 1.08–3.33, p = 0.026)

[14]

Gastric and duodenal NETs Gastric and duodenal NETs resulted more frequent in obese patients 
(0.23–0.358%) than in the control population (0.001–0.002%)

[15, 16]

Appendiceal NET Appendiceal NET was more frequent in obese patients (1.4%) than in 
controls (0.001%)

[17]

Visceral obesity GEP-NET Waist circumference of > 80 cm for females and > 94 cm for males 
resulted as a risk factor (OR 2.5, 95% CI 1.4–4.6, p = 0.002)

[18]

MS Rectal NET Higher prevalence in patients with MS (23.8%) than in controls 
(16.1%)

[19]

GEP-NET Increased risk when the number of individual MS components 
exceeded four (OR 3.40, 95% CI 1.17–9.86, p = 0.024) or five (OR 
5.15, 95% CI 1.15–23.01, p = 0.032)

[18]

T2DM Pancreatic NET A recent diagnosis of T2DM emerged as an independent risk factor 
(OR 40.1, 95% CI 4.8–328.9, p = 0.0005).

[20]

Gastric NET A long-term history (> 1 year) of T2DM was a significant risk factor 
(adjusted OR 5.6, 95% CI 2.1–14.5), particularly in women (adjusted 
OR 8.4, 95% CI 1.9–38.1)

T2DM increased the risk among women with a positive family history 
of cancer (OR 52.2, 95% CI 5.5–491.5)

[10]

Pancreatic NET Higher occurrence of T2DM in patients than in controls (19% vs. 11%, 
p < 0.001)

[9]

Pancreatic NEN An increased risk in patients with non-recent onset T2DM (OR 2.09, 
CI 1.27–3.46, p = 0.003)

[21]

Pancreatic NEN An increased risk in patients with T2DM (OR 2.5, 95% CI 3.9–4.51, 
p = 0.002)

[14]

Pancreatic NEN An increased risk in patients with T2DM (OR 3.01, 95% CI 1.15–7.89, 
p = 0.002)

[22]

Malnutrition
indices

GEP-NET MUST ≥ 1 in 14% of outpatients with GEP-NET
MUST-positive patients were more likely to have rectal (p < 0.017) or 

unknown primary (p < 0.017) NETs

[25]
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routine endoscopic evaluations conducted prior to bariat-
ric surgery [15]. Although additional clinical reports are 
needed to corroborate these findings, gastric and duode-
nal NETs appear to be more frequently observed in obese 
patients (0.23–0.358%) compared to the control popula-
tion (0.001–0.002%) [15, 16]. In a retrospective analysis 
involving 588 patients who underwent bariatric surgery, 
477 also had routine appendectomies. Among these, 7 were 
diagnosed with appendiceal NETs, representing 1.4% of 
the sample, which is significantly higher than the 0.001% 
prevalence in the general population [17]. These findings 
suggest that obesity may contribute to the development of 
intestinal NETs and highlight the importance of preopera-
tive endoscopic evaluations in patients undergoing bariatric 
surgery [15].

Recently, Santos et al. reported that visceral obesity, char-
acterized by a waist circumference greater than 80 cm for 
females and 94 cm for males, increased the risk of develop-
ing GEP-NETs by 2–3 times [18].

Several lines of evidence suggest that MS, as well as its 
individual components, may be risk factors for GEP-NETs. 
A cross-sectional study involving 57,819 Korean patients 
who had screening colonoscopy, including 101 diagnosed 
with rectal NETs, revealed that MS, fatty liver, high triglyc-
eride levels (≥ 150 mg/dL), and insulin resistance (HOMA-
IR ≥ 2.5) were more prevalent in patients with rectal NETs 
compared to unaffected individuals. Specifically, the prev-
alence of these conditions in both groups was as follows: 
23.8% vs. 16.1% for MS (p = 0.035), 45.5% vs. 34.8% for 
fatty liver (p = 0.024), 31.7% vs. 22.1% for high triglycer-
ide levels (p = 0.021), and 9.9% vs. 4.5% for insulin resist-
ance (p = 0.025). However, it is important to note that these 
results were not statistically significant after performing 
a multivariate analysis [19]. In the study described above 
by Santos et al., involving 96 patients with GEP-NETs and 
an equal number of matched controls, MS and some of its 
individual components (dyslipidemia, visceral obesity, and 
increased fasting glucose) were found to be associated with 
these tumors. Furthermore, the risk was higher when the 
number of MS components exceeded four or five [18].

Numerous studies have recognized T2DM as an inde-
pendent risk factor for GEP-NENs, particularly those occur-
ring in the pancreas. The first evidence emerged in 2009 
from a case-control study involving 162 pancreatic NETs 
and 648 controls, where a recent diagnosis of T2DM (within 
12 months) was found to be a significant risk factor for pan-
creatic NETs. Notably, there were no differences in BMI 
between the cases and controls [20]. In the same year, Has-
san et al. observed that a long-term history (> 1 year) of 
T2DM was a relevant risk factor for gastric NETs, particu-
larly in women. Moreover, T2DM altered the risk of devel-
oping gastric NETs in women with a positive family history 
of cancer [10]. Subsequently, a case-control study involving 

355 patients with pancreatic NETs and 602 controls reported 
that the incidence of T2DM was nearly twice as high in 
patients with pancreatic NETs compared to controls [9]. In 
a multinational European case–control study (201 cases and 
603 controls), non-recent onset T2DM was associated with 
a doubled risk of developing pancreatic NENs [21]. In the 
retrospective case-control study described above by Feola 
et al., T2DM was reported as an independent risk factor for 
pancreatic NENs, but not for those localized in the intestine 
[14]. A case-control study conducted in 2022 on 184 patients 
with NENs (100 with pancreatic and 84 with lung NENs) 
and 248 controls revealed an association between T2DM and 
an increased risk of pancreatic NENs [22].

Regarding malnutrition, which has been reported in GEP-
NEN patients with percentages ranging from 5 to 38% at 
the first visit or during follow-up [23, 24], a cross-sectional 
study described a correlation with the risk of developing 
these neoplasms [25]. Nutritional status was evaluated 
through the malabsorption universal screening tool (MUST), 
which considers not only BMI but also unplanned weight 
loss in the past 3–6 months, as well as the presence of acute 
illness or the absence of nutritional intake for 5 days or more. 
A MUST score ≥ 1, indicating a high risk of malnutrition, 
was found in 14% of outpatients with GEP-NETs. MUST-
positive patients were more frequently diagnosed with rectal 
NETs or NETs of unknown primary origin. However, it was 
not possible to determine whether malnutrition is a cause or 
an effect of the tumor [25].

4 � Nutritional status and tumor progression 
of GEP‑NENs

Several studies evaluated the potential impact of nutritional 
status on GEP-NEN progression (Table 2).

BMI: Body Mass Index; CI: Confidence Interval; FLI: 
and fatty liver index; GEP: Gastroenteropancreatic; GLIM: 
global leadership into malnutrition; HR: Hazard Ratio; MS: 
Metabolic Syndrome; NEC: Neuroendocrine Carcinoma, 
NEN: Neuroendocrine Neoplasm; NET: Neuroendocrine 
Tumor; NRS: Nutritional Risk Screening; OR: Odd Ratio; 
OS: overall survival; PFS: progression free survival; RR: 
relative risk; SGA: Subjective Global Assessment; T2DM: 
Type 2 Diabetes Mellitus; VAI: visceral adiposity index;

Although Cherefant et al. found no correlation between 
BMI and the risk of distant metastasis or overall survival 
(OS) in patients with non-functioning pancreatic NETs [26], 
low values of BMI in GEP-NET patients have been corre-
lated with a poor prognosis in many studies. The first evi-
dence comes from a retrospective study of 67 patients with 
liver metastases from NETs, which found that an increasing 
BMI was associated with delayed time to progression [27]. 
In a later retrospective study of 324 patients with pancreatic 
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Table 2   Summary of nutritional status parameters potentially impact-
ing GEP-NEN progression. For each nutritional and metabolic 
parameter, the type of NEN, the measure of association, or the fre-

quency in the affected and control populations, and related references 
are reported. The p-value was not reported for all measures of associ-
ation or frequencies due to its unavailability in the original references

Risk factor Type of NEN Measures of associations or frequence Reference

BMI Pancreatic NET No correlation between BMI and the risk of distant metastasis or 
OS

[26]

NET with liver metastases treated with 
transcatheter arterial chemoemboliza-
tion

Increasing BMI was associated with delayed time to progression 
(HR 0.85, 95% CI 0.76–0.86, p = 0.01)

[27]

Pancreatic NET BMI < 20 was associated with a poorer prognosis (HR 2.5, 
p = 0.005)

[28]

GEP-NET Obesity was associated with lower inpatient mortality rates (OR 
0.61, 95% CI 0.40–0.93, p = 0.02)

Malnutrition was associated with higher inpatient mortality (OR 
1.95, 95% CI 1.55–2.45, p < 0.0005)

The incidence of inpatient hospital complications increased in 
malnourished individuals (15% vs. 10%, p < 0.0005)

[29]

GEP-NEN A lower BMI was associated with worse OS (HR 0.97; 95% CI: 
0.95–0.98) in the overall population, a finding that was con-
firmed in both NET and NEC subpopulations.

[30]

Visceral obesity GEP-NET Visceral obesity was associated with worse PFS (HR 1.03, 95% CI: 
1.01–1.06)

[18]

Malnutrition indices GEP-NEN NRS (RR 1.75, 95% CI 1.06–2.89, p = 0.028) and SGA (RR 5.34, 
95% CI 1.78–15.96, p = 0.003) were risk factors for poorer sur-
vival. The prevalence of malnutrition was higher in patients with 
G3 NEC than in those with G1/2 NET.

[32]

GEP-NET The presence of 2 or 3 GLIM criteria was associated with worse 
OS (HR 2.16, 95% CI 1.34–3.48, p = 0.002)

Weight loss was a risk factor for worse OS (HR 3.5, 95% CI 
1.14–10.85, p = 0.03)

[33]

MS GEP-NET VAI was higher in G2 (2.88 ± 1.99) than in G1 (1.89 ± 1.05) 
patients (p = 0.001)

FLI was higher in G2 (65.77 ± 26.27) than in G1 (42.93 ± 28.15) 
patients (p < 0.001)

Number of MS parameters was higher in G2 (3.00 ± 1.56) than in 
G1 (1.42 ± 1.12) patients (p < 0.001)

VAI was higher in progressive (3.12 ± 2.02) than in stable 
(1.66 ± 0.93) disease (p < 0.001)

FLI was higher in progressive (69.24 ± 31.58) than in stable 
(45.24 ± 27.22) disease (p = 0.006)

Number of MS parameters was higher in progressive (3.19 ± 1.78) 
than in stable (1.55 ± 1.27) disease (p < 0.001)

VAI was higher in metastatic (3.14 ± 2.17) than in non-metastatic 
(2.00 ± 1.20) disease (p = 0.001)

FLI was higher in metastatic (69.04 ± 26.62) than in non-metastatic 
(46.59 ± 28.42) disease (p < 0.001)

Number of MS parameters was higher in metastatic (3.00 ± 1.64) 
than in non-metastatic (1.74 ± 1.35) disease (p < 0.001)

[34]

GEP-NET MS was associated with larger tumor size and higher Ki-67 prolif-
eration index

[35]

GEP-NET MS was associated with grade G1 (OR 4.35, 95% CI 1.30–14.53, 
p = 0.018) and disseminated disease (OR 4.52, 95%CI 1.44–
14.15, p = 0.010)

[36]
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NENs, those who were underweight at diagnosis (BMI < 20) 
had a worse prognosis. However, this finding did not remain 
significant in the multivariate analysis [28]. In a retrospec-
tive study on 22,096 patients with GEP-NETs who under-
went surgery, obesity was linked to lower inpatient mortality 
rates, while malnutrition was associated with higher odds of 
inpatient mortality. Malnourished individuals experienced 
a higher incidence of inpatient hospital complications. It is 
important to note that in this study, individual BMI values 
of the patients were not available. A national database of 
patients categorized according to the International Classi-
fication of Diseases for obesity and malnutrition was used. 
Therefore, BMI was not considered as a continuous variable 
but as a categorical one [29]. In a recent retrospective study 
involving 1,010 patients with NENs (60% of them from 
GEP tract, 60.5% NETs and 39.5% NECs), a lower BMI 
was linked to poorer overall survival, regardless of tumor 
stage or histology [30].

All findings of these analyses align with the “obesity 
paradox” that have been previously reported for other solid 
tumors [6]. Nevertheless, the “obesity paradox” has been 
critically examined and questioned by the epidemiological 
community. Critics suggest that the perceived association 
between obesity and improved outcomes may be influenced 
by confounding factors, such as selection bias and the reli-
ance on BMI alone to assess adiposity [31]. Indeed, BMI is 
an inadequate measure of body composition, because it pro-
vides only a rough estimate and fails to differentiate between 
lean and fat mass or to analyze their distribution. For exam-
ple, in oncology, individuals classified as overweight based 
solely on BMI might actually be younger patients with 
higher muscle mass and more favorable pharmacokinetics, 

which could lead to better treatment outcomes and fewer 
adverse events [6].

In this context, some studies assessing the prognostic 
value of the nutritional status in GEP-NENs evaluated mal-
nutrition using strategies that do not rely solely on BMI. For 
instance, in a cross-sectional study by Maasberg et al., two 
clinical scores, the Subjective Global Assessment (SGA) 
and the Nutritional Risk Screening (NRS), were combined 
with anthropometry, Bioelectrical Impedance Analysis 
(BIA), and serum surrogate parameters such as albumin 
to assess malnutrition in GEP-NEN patients. The authors 
demonstrated, through a multivariate analysis, that malnu-
trition could be an important risk factor for poorer survival 
in NEN patients, whether assessed using the NRS or the 
SGA. Furthermore, poorer nutritional status was associated 
with significantly reduced long-term outcomes and survival 
rates in patients with high-grade tumors, NEC, progressive 
disease, and those receiving chemotherapy [32].

In a recent study, which included 118 patients with GEP-
NETs undergoing therapy with somatostatin analogues, 
malnutrition was evaluated by the global leadership into 
malnutrition (GLIM) criteria, that include weight loss, sar-
copenia and BMI. The prevalence of malnutrition accord-
ing to the GLIM criteria was higher (75%) than previously 
reported (5–38%) in patients with GEP-NETs [22, 23, 32]. 
Moreover, a multivariate analysis revealed that having 2 or 
3 GLIM criteria was significantly associated with worse 
overall survival, with weight loss emerging as the strongest 
determinant among the GLIM criteria [33].

Considering these studies in their entirety, malnutrition 
appeared to be associated with a worse prognosis, whereas 
a high BMI was associated with a more favourable outcome. 
However, it is challenging to determine whether malnutrition 

BMI Body Mass Index, CI Confidence Interval, FLI and fatty liver index, GEP Gastroenteropancreatic, GLIM global leadership into malnu-
trition, HR Hazard Ratio, MS Metabolic Syndrome, NEC Neuroendocrine Carcinoma, NEN Neuroendocrine Neoplasm, NET Neuroendocrine 
Tumor, NRS Nutritional Risk Screening, OR Odd Ratio, OS overall survival, PFS progression free survival, RR relative risk, SGA Subjective 
Global Assessment, T2DM Type 2 Diabetes Mellitus, VAI visceral adiposity index

Table 2   (continued)

Risk factor Type of NEN Measures of associations or frequence Reference

T2DM GEP-NET T2DM at baseline did not negatively affect PFS [37]

Pancreatic NET A previous history of T2DM was associated with metastatic dis-
ease (OR 6.0, 95% CI: 1.2–28.7)

[20]

Pancreatic NEN T2DM was statistically more prevalent in patients with G3 NEC 
than with G1 or G2 NET (40.9% vs. 15.8%, p = 0.01)

Non-recent onset T2DM was associated with a more advanced 
stage (TNM III–IV vs. TNM I–II, 23.3% vs. 11.8%, p = 0.05) and 
higher tumor grade (G3 vs. G1–2, 40.9% vs. 14.9%, p = 0.006)

[21]

Pancreatic NET Patients with T2DM were at high risk for tumor metastasis 
(OR 2.81, 95% CI 1.54–5.12 p = 0.001), nerve invasion (OR 
2.43, 95% CI 1.10–5.37, p = 0.029), and G3 (OR 4.97, 95% CI 
1.46–16.88, p = 0.010)

[38]



167Reviews in Endocrine and Metabolic Disorders (2025) 26:161–174	

is a cause of poorer prognosis in GEP-NEN or a conse-
quence of disease progression, particularly given the het-
erogeneity of both the examined cohorts and the analytical 
strategies employed.

Different observations have been made when obesity, 
particularly visceral obesity, was evaluated in the context of 
MS. Barrea et al. explored the relationship between visceral 
adiposity index (VAI) and fatty liver index (FLI), along with 
MS, and their correlation with the clinical severity of GEP-
NETs. VAI serves as a marker of adipose tissue associated 
with MS and various metabolic disorders, such as T2DM. 
On the other hand, FLI is a useful algorithm for predicting 
the presence of non-alcoholic fatty liver disease, demon-
strating high concordance with ultrasound liver imaging and 
histological criteria. Both values, together with MS pres-
ence, were significantly higher in G2 than in G1 patients, in 
patients with progressive disease compared to those with sta-
ble disease and in metastatic than in non-metastatic patients. 
In this context, it has been suggested that the adipokines 
secreted by a dysfunctional visceral adipose tissue may 
play a key role in the relationship between MS and tumor 
aggressiveness. Although these results should be interpreted 
with caution until appropriate cross-validation is conducted, 
clinical assessment of both cardio-metabolic indexes (VAI 
and FLI) may provide insights into potential mechanisms of 
tumor progression and guide tailored preventive and treat-
ment strategies for patients with GEP-NETs [34]. In another 
study on GEP-NETs, visceral obesity was measured in terms 
of waist circumference and resulted a negative prognostic 
marker for progression-free survival (PFS), although it did 
not affect OS [18].

Other studies have explored the association between MS 
and GEP-NET prognosis. In a series of patients with non-
functioning GEP-NETs, where overweight and obesity were 
common (40.6% and 28.1% of patients, respectively), MS 
was associated with greater tumor severity, as indicated by 
larger tumor size and a higher Ki-67 proliferation index [35]. 
In another cohort of patients with GEP-NETs, after adjusting 
for age and gender, the odds of having MS were significantly 
higher in patients with G1 grading and disseminated disease 
[36].

Several studies have investigated the interaction between 
T2DM and NETs independently of obesity. In a recent post-
hoc analysis of the Controlled Study of Lanreotide Antipro-
liferative Response in Neuroendocrine Tumor (CLARINET), 
data suggested that T2DM may not impact the prognosis of 
patients with advanced GEP-NETs. In particular, the pres-
ence of T2DM at baseline did not negatively affect PFS in 
the final multivariate model [37]. Conversely, two case-con-
trol studies reported that T2DM may increase the risk of 
metastasis in patients with pancreatic NETs. Capurso et al. 
[20] showed that patients diagnosed with metastatic disease 
were more likely to have a prior history of T2DM (17% vs. 

3.7%, p = 0.008) and recent-onset T2DM (9.7% vs. 2.5%, 
p = 0.09) compared to those with non-metastatic disease. In 
a multivariate logistic regression model, a previous history 
of T2DM was associated with metastatic disease. Valente 
et al. [21] reported that T2DM was 2.5 times more prevalent 
in patients with pancreatic G3 NEC than in those with G1/
G2 NET. Moreover, non-recent onset T2DM was associ-
ated with a later stage at diagnosis and higher tumor grad-
ing. In a recent study involving 299 patients with pancreatic 
NETs, logistic regression revealed a significantly higher risk 
of tumor metastasis, nerve invasion and G3 tumors among 
patients with T2DM [38].

5 � Nutritional status, quality of life 
and treatment in patients with GEP‑NENs

Several studies have investigated the relationship between 
the nutritional status of GEP-NEN patients, particularly 
malnutrition, and their quality of life. These factors mutu-
ally influence each other, acting as both causes and conse-
quences. As observed in other neoplasms, malnutrition can 
impact the quality of life of cancer patients. Additionally, a 
decline in quality of life due to anxiety and depression fol-
lowing a cancer diagnosis, along with therapy-related side 
effects, can increase the likelihood of nutrition-related com-
plications, such as malnutrition [32, 39, 40].

Although patients with GEP-NETs generally do not show 
significant weight loss or acute symptoms until the disease 
is advanced, they often experience compromised nutritional 
status, affecting their metabolic state, dietary patterns, and 
body composition. These issues are primarily related to the 
overproduction of gastrointestinal hormones, tumor mass 
effects, mesenteric tumor infiltration, medical treatment, and 
surgical procedures [41].

In a global survey examining the effects of a NET diag-
nosis, 71% of patients reported a substantial negative impact 
on their personal lives, including reduced energy levels 
and impaired ability to perform activities of daily living. 
Although the causative factor was not identified, more than 
half of the patients reported making dietary changes as a 
result of their tumor [42]. It is important to underline this 
aspect because dietary changes, such as the prolonged reduc-
tion in dietary intake and the food avoidance, can lead to 
dietary inadequacy and nutritional deficiencies, including 
malnutrition. Notably, reduced food intake is one of the 
two etiological criteria of the GLIM framework, alongside 
inflammation, thus contributing to an increased risk of mal-
nutrition [43]. In another study the health-related-quality 
of life resulted lower in patients with GEP-NETs than in 
general population. While the lower percentage of malnour-
ished patients at 6 months post-recruitment (13%) compared 
to baseline (29%) suggests that medical management may 
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improve nutritional status, 48% of enrolled patients experi-
enced weight loss, with 20% losing more than 5% of their 
body weight. Additionally, 62% lost fat-free mass, with 
an average loss of 2.8 kg, indicating substantial changes 
in body composition. Despite these findings and dietary 
changes reported by 56% of patients at baseline and 53% 
at 6 months, only 21% consulted a dietitian at baseline and 
18% at six months. The authors concluded that screening 
practices to detect excessive weight loss, changes in body 
composition, and nutritional issues in GEP-NET patients 
should be implemented to facilitate dietary intervention and 
potentially improve quality of life [44].

The progressive loss of fat-free mass observed in GEP-
NET patients can lead to sarcopenia, a condition often expe-
rienced by cancer patients that results in reduced muscle 
function and strength, increased morbidity and mortality, 
thereby negatively impacting quality of life [45]. Notably, 
a high prevalence of sarcopenia at the time of diagnosis of 
metastatic GEP-NENs was associated with worse OS in 
patients with pancreatic NETs (HR 3.79, 95% CI 1.1–13.03, 
p = 0.035), potentially affecting quality of life [46].

Body composition and nutritional status may impact the 
efficacy of antitumor treatments in many neoplasms [47–50]. 
To date, only a few studies have investigated their predic-
tive potential in GEP-NETs, yielding conflicting results 
(Table 3).

In some studies, higher BMI resulted associated with 
reduced therapy efficacy or quality of life. For instance, a 
retrospective study of metastatic GEP-NEC (n = 19) treated 
with cisplatin or cisplatin/etoposide, demonstrated that 
patients with BMI ≥ 25 had a higher risk of death and dis-
ease progression than those with a lower BMI [51]. At the 
same time, the beneficial effect of peptide receptor radio-
nuclide therapy on health-related quality of life in patients 
with GEP-NETs was less evident in patients with over-
weight (BMI > 25), who showed less improvement in several 
domains (nausea/vomiting, pain, diarrhea, social function-
ing, and treatment-related symptoms) [52].

On the other hand, lower BMI has been reported as a 
predictor of poorer response to the therapy. In a study 
involving 30 patients with advanced NETs (70% from the 
GEP tract) treated with everolimus, the median PFS was 

Table 3   Summary of nutritional status parameters that potentially 
predict the effect of the treatment strategies. For each nutritional and 
metabolic parameter, the type of NEN, the measure of association, or 

the frequency in the affected and control populations, and related ref-
erences are reported. The p-value was not reported for all measures of 
association or frequencies due to its unavailability

BMI Body Mass Index, CI Confidence Interval,  GEP Gastroenteropancreatic, HR Hazard Ratio, NEC Neuroendocrine Carcinoma, NEN Neu-
roendocrine Neoplasm, NET Neuroendocrine Tumors, OR Odd Ratio, PFS Progression Free Survival, T2DM Type 2 Diabetes Mellitus

Risk factor Type of NEN Measures of associations or frequence Reference

BMI Metastatic GEP-NEC treated with cisplatin or cisplatin/
etoposide

A BMI ≥ 25 was associated with a higher risk of death 
(HR 5.00, 95% CI 1.00–24.91, p = 0.049) and disease 
progression (HR 7.17, 95% CI 1.45–35.51, p = 0.016)

[51]

GEP-NET treated with peptide receptor radionuclide 
therapy

A BMI > 25 was associated with a less pronounced 
effect on health-related quality

[52]

Metastatic NET treated with everolimus Underweight patients showed a lower median PFS 
(mean PFS 3.2 months, 95% CI 0.9–6.7, p = 0.011) 
compared to normal weight (mean PFS 10.1 months, 
95% CI 3.7–28.4, p = 0.011)

[53]

NET with liver metastases treated with transcatheter 
arterial chemoembolization

Increasing BMI was associated with higher responsive-
ness (OR 1.3, 95% CI 1.04–1.63, p = 0.022)

[27]

Lipidic profile Advanced pancreatic NET treated with everolimus High plasma triglyceride levels during the first 3 months 
of treatment were associated with an increased risk 
of disease progression (adjusted HR 3.08, 95% CI 
1.15–8.21, p = 0.025)

[54]

T2DM Advanced non-functional GEP-NET treated with met-
formin

Longer PFS was found in metformin-treated patients 
compared to untreated ones (97.7 vs. 50.7 weeks, 
p = 0.002)

[37]

Advanced pancreatic NET treated with octreotide LAR 
and everolimus, as well as insulin or metformin in case 
of T2DM

PFS was longer in metformin- than in insulin-treated 
patients (36 vs. 17 months)

[57]

Pancreatic NET treated with everolimus or somatostatin 
analogue, as well as with metformin

PFS was longer in patients who started metformin before 
or within three months of initiating everolimus or 
somatostatin analogue therapy, compared to patients 
who did not take metformin or those who started 
metformin more than three months after treatment 
initiation (43.7 vs. 23.3 months)

[58]
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three times shorter in underweight patients compared to 
those with normal weight. One possible explanation is that 
patients with reduced muscle mass may have lower levels 
of mTORC1 receptors compared to those with higher mus-
cle mass, resulting in less pronounced mTOR inhibition 
and a diminished therapeutic response to everolimus [53]. 
Marrache et al. found a BMI < 20 to be a predictor of poor 
response to transcatheter arterial chemoembolization in NET 
patients with liver metastases, whereas a higher BMI was 
significantly linked to a better response to the therapy [27].

Interestingly, preliminary studies have shown a poten-
tial role of metabolic profile in influencing the response to 
therapy in patients with GEP-NETs. Vernieri et al. reported 
that high plasma triglyceride levels during the first 3 months 
of treatment with everolimus increased the risk of disease 
progression in patients with advanced pancreatic NETs [54]. 
This highlights the importance of maintaining proper nutri-
tional status and a healthy metabolic profile in these patients.

Emerging evidence suggests that T2DM therapy can mod-
ulate the response to anticancer treatment or exert a direct 
antitumor effect, highlighting the complex interplay between 
metabolic regulation and cancer progression. An intriguing 
finding from a post-hoc analysis of the CLARINET study, 
a clinical trial involving patients with advanced non-func-
tional enteropancreatic NETs, showed that lanreotide sig-
nificantly lowered the risk of disease progression or death 
compared to a placebo. The post hoc analysis reported that 
diabetic patients in the placebo group who were treated with 
metformin had twice the PFS compared to those who were 
untreated [37]. This confirmed the potential benefit of met-
formin on PFS, demonstrating its anti-tumor activity when 
used as a single-agent therapy in patients with less aggres-
sive GEP-NETs. The mechanism by which metformin might 
provide these benefits could be related to the activation of 
AMPK and the subsequent inhibition of mTORC1, a criti-
cal component in the pathogenesis and progression of these 
tumors [55, 56]. This positive effect would be abrogated 
during therapy with somatostatin analogues therapy, consid-
ering that lanreotide alone was already effective in inhibiting 
the mTORC1 axis in patients with less aggressive disease. 
Indeed, in the subgroup of patients with T2DM randomized 
to receive lanreotide, metformin use was not significantly 
associated with an improvement in PFS (p = 0.241) [37]. 
Two studies by Pusceddu et al. evaluated the association 
between metformin and PFS in patients with advanced pan-
creatic NETs. In the first study, all patients were treated with 
octreotide LAR and everolimus until disease progression, 
with diabetic patients receiving either insulin or metformin. 
Patients treated with metformin had twice the PFS compared 
to those treated with insulin, indicating a beneficial impact 
of metformin on clinical outcomes. This beneficial effect of 
metformin on PFS appeared to remain consistent regard-
less of dosage, glycemic status, or additional antitumor 

therapies [57]. In another study, patients with pancreatic 
NETs who started metformin either before or within three 
months of initiating everolimus or somatostatin analogue 
therapy experienced longer PFS compared to those who 
started metformin after more than three months or did not 
use it at all [58].

Interestingly, some studies have hypothesized that anti-
tumor therapy may contribute to malnutrition. In the pre-
viously mentioned study by Qureshi et al., patients with a 
positive MUST score, indicating malnutrition, were more 
likely to be treated with somatostatin analogues than those 
with a negative score (65% vs. 38%, p = 0.021) [25]. Moreo-
ver, Maasberg et al. found that malnutrition was highly fre-
quent in a population of 203 patients with NENs undergoing 
chemotherapy [32]. However, further evidence is needed to 
verify the potential causative role of each specific anticancer 
treatment in malnutrition.

6 � Nutritional intervention in patients 
with GEP‑NENs and metabolic disorders

Dietary therapy is essential for both preventing and man-
aging patients with GEP-NENs and metabolic disorders, 
including obesity, T2DM and MS [59]. As previously 
described, patients with GEP-NENs are at high risk of 
nutritional imbalances, which negatively impact outcomes, 
metabolic alterations, and the response to pharmacological 
therapy [40, 59]. In this scenario, the nutritional status of 
these patients is critically relevant, particularly in those with 
metabolic disorders [40, 59]. Of interest, protein-caloric 
malnutrition in GEP-NEN patients may result from trypto-
phan depletion, loss of appetite with reduced intake of food, 
and severe diarrhoea and/or flushing [24].

The assessment of nutritional status, including body 
composition through bioimpedance analysis, anthropomet-
ric evaluation, and dietary intake, should be incorporated 
into clinical practice for managing patients with GEP-NENs. 
This approach helps identify high-risk individuals with more 
aggressive tumors and metabolic disorders who may benefit 
significantly from targeted dietary interventions [60].

Although there are no specific guidelines for patients 
with GEP-NENs, it is generally recommended that cancer 
patients consume a diet low in simple carbohydrates and 
rapid-absorbing sugars, while including higher amounts of 
proteins and unsaturated fats (monounsaturated and poly-
unsaturated fatty acids) [61]. Likely, similar advice can be 
extended to GEP-NEN patients with metabolic disorders 
to reduce their cardio-metabolic risk [62]. Additionally, 
vitamin status has been studied in NENs, with vitamin 
D deficiency observed in roughly half of these patients 
[63–65]. Interestingly, supplementation with vitamin D 
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has been shown to have a positive influence on PFS in 
NEN patients [65].

In this context, every GEP-NEN patient should receive 
medical dietary therapy prescribed by an expert nutritionist. 
The goals of this therapy should include achieving and main-
taining a normal body weight, optimizing blood pressure, 
lipid, and glycaemic levels, delaying or preventing metabolic 
complications, and controlling tumor-related symptoms [66]. 
It is important to underline the importance of a nutrition-
ist expert in oncology, as meal planning must be personal-
ized to the individual patient. There is no “one size fits all” 
dietary pattern in general, and this is particularly true for 
patients with GEP-NENs and metabolic complications [35]. 
Among the various eating patterns studied in NEN patients, 
the Mediterranean-style diet and the ketogenic diet are the 
most extensively researched [66–68].

The Mediterranean diet, which emphasizes extra virgin 
olive oil, whole grains, vegetables, fruits, and fish, may help 
improve lipid and glucose metabolism and reduce cardio-
metabolic risk [69–71]. In the context of cancer, there has 
been reported correlation between low adherence to the 
Mediterranean diet and cancer, suggesting that insufficient 
adherence to this diet could influence the aggressiveness of 
different cancer types [72]. Conversely, high adherence to 
the Mediterranean diet may benefit cancer outcomes due 
to its significant anti-inflammatory, antioxidant, and anti-
aggregating properties [73]. The anti-tumoral beneficial 
effects of the Mediterranean dietary pattern can be attrib-
uted to different foods such as vegetables, fruits, cereals, 
fish, olive oil, and legumes. These foods are rich in antioxi-
dants such as flavonoids, polyunsaturated fatty acids, vita-
mins A, C, and E, lycopene, carotenoids, and fibers, all of 
which support numerous cellular signalling pathways [42]. 
For these reasons, adopting a Mediterranean dietary pat-
tern could be considered beneficial for patients with GEP-
NENs, both with and without comorbidities. However, there 
are still limited scientific results regarding these aspects. In 
detail, only one case-control, cross-sectional study aimed to 
investigate adherence to the Mediterranean diet in GEP-NET 
patients. This study utilized a validated 14-item question-
naire to evaluate adherence to the Mediterranean diet [60]. 
Barrea et al. reported that patients with more aggressive 
GEP-NETs exhibited lower adherence to the Mediterranean 
diet compared to those with G1 tumors, localized disease, 
or stable disease. Interestingly, patients with low adherence 
to the Mediterranean diet demonstrated a higher incidence 
of metastases and disease progression. These findings sug-
gest that a Mediterranean dietary pattern may be an effective 
strategy for reducing cancer aggressiveness in patients with 
GEP-NETs [60]. Finally, although the Mediterranean diet 
could be considered a useful dietary pattern in NEN patients, 
there is still a lack of comprehensive research on its specific 
impact on this type of tumor.

Very recently, the ketogenic diet has been suggested as 
a potentially effective dietary approach for managing GEP-
NENs [66–68] and other types of tumors [74]. A ketogenic 
diet is characterized by high fat, low carbohydrate intake 
(less than 50 g per day), and sufficient protein [35]. The 
ketogenic diet seems to improve the effectiveness of stand-
ard treatments by targeting the altered metabolism of can-
cer cells, making it a promising candidate for adjuvant 
cancer therapy. Preclinical and clinical studies suggest that 
a ketogenic diet may offer antitumor benefits, potentially 
extending to the management of NENs [66–68]. In par-
ticular, the ketosis induced by a ketogenic diet likely cre-
ates a less favourable metabolic environment for tumor cell 
growth by inhibiting several pathways crucial for cancer 
cell survival [75]. Although this dietary pattern is well-
tolerated and considered safe, additional research and ran-
domized controlled trials are needed to clarify its efficacy 
and safety when combined with pharmacological treatments. 
It is essential that these medical dietary therapies will be 
assessed through prospective clinical trials.

7 � Conclusions

The role of nutrition is paramount in cancer patients, 
especially those with GEP-NENs. Numerous studies have 
emphasized the significant impact of nutritional status and 
related comorbidities on the development, progression, and 
management of GEP-NENs, leading to various clinical con-
sequences. While evidence suggests a potential increased 
risk of developing GEP-NENs in patients with obesity, 
metabolic disorders, and T2DM, further research is needed 
to fully understand this relationship and potential differ-
ences between NETs and NECs. Longitudinal studies and 
investigations into the molecular and biological mechanisms 
involved will be crucial. These efforts will aid in developing 
targeted prevention and treatment strategies.

Emerging data suggest that metabolic alterations may 
influence the behaviour and progression of GEP-NENs. 
While numerous studies have demonstrated a strong cor-
relation between obesity and its associated comorbidities 
with the development and progression of aggressive tumors, 
there is also evidence suggesting a poorer prognosis in mal-
nourished patients with GEP-NENs, thus introducing the 
concept of the “obesity paradox”. However, establishing a 
cause-effect relationship between malnutrition and cancer 
outcomes is extremely difficult due to the complex inter-
play of factors involved. Cancer itself can lead to changes in 
metabolism, appetite, and nutrient absorption, contributing 
to malnutrition. Furthermore, cancer treatments can cause 
side effects such as nausea, vomiting, diarrhoea, malab-
sorption, and alterations in taste or smell, which can further 
exacerbate malnutrition. Future studies have the potential to 
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shed light on the complexities of this paradox and its impli-
cations for patient care and public health policy.

Regular nutritional assessment and therapy are crucial 
for optimizing the clinical outcomes of GEP-NEN patients. 
From a clinical practice perspective, screening for the risk of 
malnutrition or obesity should be conducted at diagnosis and 
at regular intervals during treatment by expert nutritionists 
or other trained health professionals using validated tools. 
It is imperative to move beyond simple BMI measurements 
and analyze the body composition of patients, as a normal 
or high BMI may not accurately reflect the distribution of 
body mass. Special attention should be given to patients 
with GEP-NEC, progressive disease, and those undergoing 
chemotherapy, as they are at the highest risk of malnutri-
tion. Moreover, prospective longitudinal studies are needed 
to evaluate the impact of changes in nutritional status over 
time or during treatment, to assess the prevalence of malnu-
trition and obesity in GEP-NEN patients, and to determine 
the most appropriate methods of nutrition therapy. Nutri-
tional plans should be integrated into the multidisciplinary 
treatment approach for these patients to enhance both quality 
of life and survival outcomes.
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