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Abstract

Introduction: The rarity of neuroendocrine tumors (NETSs)
and their heterogeneous presentation complicate the iden-
tification of risk factors for their development and natural
course. Several tumor-specific prognostic factors have been
identified, but less attention has been given to lifestyle fac-
tors as riskand prognostic factors. This review aimed to iden-
tify studies on smoking, alcohol use, physical activity, diet,
body mass index (BMI), and diabetes and their association
with the development and course of gastroenteropancreat-
ic (GEP-) NETs. Methods: The literature was systematically
searched for articles on lifestyle factors and NETs available
via PubMed and Embase. Study quality was assessed using
the Newcastle-Ottawa scale. Results: A total of 25 eligible
studies out of 3,021 screened articles were included. Most
studies reported on smoking and alcohol, reporting conflict-
ing results. Diet seems to have an influence on NET develop-
ment, but few studies were published. Articles reporting on
BMI were not unanimous on the effect on GEP-NETSs. Diabe-
tes was reported as a risk factor for NETs, while a protective

effect was observed with metformin use. Conclusion: Different
tissues, i.e., the pancreas and small intestine, may respond
differently to exposure to alcohol and smoking. Evidence for
diet sofaris too limited to draw conclusions. Diabetes seems
to be an important risk factor for the development of pan-
creatic NETs with a protective role in disease progression,
while BMI is not unequivocally associated with the develop-
ment and prognosis of NETs. Hence, our findings suggest
that lifestyle factors play an important role in NET develop-
ment as a disease course. Future research should consider
lifestyle as an influence on disease progression and treat-

ment response. © 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Neuroendocrine tumors (NETSs) are rare neoplasms,
with an estimated incidence of 1-5 per 100,000 person
years [1-4]. NETs develop from diffused neuroendocrine
cells dispersed throughout the body and can appear in
any location. Nonetheless, these tumors often reside in the
respiratory or gastrointestinal (GI) tract [5]. The incidence
of NETs has been rising over the past years and most likely
is still an underestimation of the actual incidence as small
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Fig. 1. Flowchart of the search process to
identify articles describing lifestyle factors
and their influence on NETs. The large dif-
ference between the numbers of identified

(n=24)

Studies included in review

records is due to the inclusion of conference

abstracts and poster sessions in Embase.

NETs may remain asymptomatic and undiscovered [2, 3,
5-8].

Most NETs are often indolent. Inherent to their endo-
crine origin, NETs may cause symptoms due to hormone
production in case of a functioning NET [2, 6, 8-10]. In
case of a nonfunctional NET, tumors are often clinically
silent and symptoms occur at a later stage because of mass
effects of the tumor [10].

The etiology of NET's remains unknown. Several ge-
netic syndromes are associated with the development of,
especially, pancreatic NETs (pNETs), such as multiple
endocrine neoplasia syndromes and Von Hippel-Lindau
syndrome [10]. Moreover, a familial history of cancer is
associated with the development of small intestinal (SI-),
gastric, lung, and pNET [11].

382 Neuroendocrinology 2023;113:381-394

DOI: 10.1159/000527741

Over the years, lifestyle factors have become in-
creasingly important in the development of cancer in
general. It is estimated that up to 45% of all cancers in
the UK is attributable to lifestyle [12]. For example,
physical activity has been demonstrated to have an in-
verse relation with the occurrence of breast cancer, as
well as improved survival after breast cancer treatment
[13, 14]. Moreover, extensive research has shown that
the use of tobacco plays a causative role in the develop-
ment of lung cancer [15]. Smoking cessation increases
the survival in lung cancer patients, while continued
smoking is associated with worse prognosis and higher
mortality in both bladder and breast cancer [16, 17]. In
like manner, overweight or obesity is independently as-
sociated with early-onset colorectal cancer [18]. Addi-
tionally, obesity is related to tumor progression and worse
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response to neoadjuvant chemotherapy [16, 19, 20].
Therefore, several aspects of lifestyle are associated
with different types of cancer.

The purpose of this systematic review was to iden-
tify and summarize lifestyle factors that are associated
with the development of gastroenteropancreatic (GEP-)
NETs and factors that may influence the natural course
of GEP-NETSs. Knowledge on the etiology of NET de-
velopment could contribute to possible preventive mea-
sures in persons at risk. Similarly, knowledge on natural
course and lifestyle factors will inform lifestyle advice
after diagnosis.

Methods

Search Strategy

We conducted a systematic search of the literature to identify
studies published on PubMed and Embase. The search was carried
out in June 2020, with a search string consisting of the terms
“Neuroendocrine tumor,” “Lifestyle,” “treatment response,” and
“natural course” (see online suppl. Table S1; for all online suppl.
material, see www.karger.com/doi/10.1159/000527741). We ad-
ditionally included factors as “etiology,” “risk factor,” and “prog-
nostic factor” as these may be used in a similar context with lifestyle.
The search was updated in September 2022. Two new articles
were identified. For all terms, synonyms and alternative spelling
were included and underlying terms such as “alcohol,” “tobacco,”
“BMI,” and “physical activity” Subsequently, reference lists of in-
cluded articles were screened to ensure the inclusion of all avail-
able relevant articles.

Inclusion Criteria

Titles and abstracts were screened by MB and FH. Articles
were included if the population consisted of patients with GEP-
NET or carcinoid tumors residing in the GI tract. A GEP-NET was
defined as a pancreatic, gastric, SI, colon, or rectal NET. Exposure
was defined as (ever or quantified) smoking, (ever or quantified)
alcohol use, diet, physical activity (or exercise), and body mass
index (BMI). Additionally, studies including diabetes mellitus (type II)
as determinant were selected, and articles published from 1980
onward were included. Only studies written in English language
were included.

In case of uncertainty, eligibility of articles was discussed with
RvL. The screening process was graphically depicted using a flow
diagram concept using PRISMA guidelines [21].

Exclusion Criteria

Articles were excluded if the population consisted of neuro-
endocrine carcinomas as these can be seen as a different entity
with a different etiology. Articles on small cell lung cancer and
lung carcinoid were excluded. Furthermore, studies were excluded
if BMI was included in the baseline analysis as adjustment but
excluded in the risk assessment. Case reports or case series were
excluded. Experimental and/or animal designs were not includ-
ed for analysis.
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Fig. 2. RoB summary for studies assessed using the Newland-Ottawa
Scale (NOS) score. + = low risk, ? = intermediate risk, — = high risk.
Factorsinvolved in the assessment were selection of study participants,
comparability of cases and controls, determination of exposure, and
selective reporting. Studies are arranged in alphabetical order.
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Lifestyle and NETs

Data Extraction

From each article, study details (design, location, period), pop-
ulation and patient characteristics, risk factors, analytic methods,
author details, and the year of publication were extracted. Data of
interest were odds ratios (OR), hazard ratios (HR), risk ratios (RR),
and associated confidence intervals (CI).

Study quality was assessed by MB using the Newcastle-Ottawa
Quality Assessment Scale for nonrandomized etiological studies
[22]. The risk of bias (RoB) and confounding were assessed for each
of the studies, after which the data were processed using Review
Manager 5.3 (Software by the Cochrane Collaboration). Subsequent-
ly, the studies were labeled “low risk;” “intermediate risk,” or “high
risk” based on the scores resulting from the RoB tool. Studies which
were deemed high or intermediate risk in two or more categories
were named in the data overview but excluded from the analyses.
For this study, a meta-analysis was not performed due to high het-
erogeneity between studies.

Data were analyzed per GEP-NET site. A GEP-NET was de-
fined as a pancreatic, gastric, SI, colon, or rectal NET. To pro-
vide a complete overview for this rare cancer, all subtypes were
included.

Results

Literature Search

The flowchart of the search process is shown in Figure 1.
A total of 3,021 articles were included in the Title/ Abstract-
screening (419 PubMed, 2,779 Embase) after duplicate
removal. Articles included from Embase were often classi-
fied as conference abstracts and poster sessions. Addition-
ally, 3 articles were identified through referencing and in-
cluded in the review. Main reasons for exclusion were
case reports (n = 1036), another population (n = 728), a
different outcome (# = 652), and unsuitable study design
(n=292). After exclusion of 2,936 articles, 117 articles
were eligible for full text screening. Of these, 32 articles were
available for full text, while 41 were conference abstracts.
A final number of 24 articles were included in this review.

Included Articles

The RoB assessment of all included studies is depict-
ed in Figure 2. The main reason for the downgrading was
the measurement of exposure. A detailed explanation of
the RoB assessment can be found in online supplemen-
tary Table S1. Articles with two or more high-risk evalu-
ations in the RoB analysis were excluded from the anal-
ysis. Generally, articles with the highest level of evidence
are discussed first. Tables 1 and 2 summarize the char-
acteristics of the included studies.

Overall, the included studies had relatively small sample
sizes. Sizes of cohort studies ranged from 20 to 820 and
case-control studies from 39 to 740.
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Lifestyle and NETs

Smoking

Smoking and NET Development

Four cohort studies (one prospective) and fourteen
case-control studies investigated the relationship between
smoking and development of GEP-NETs. Eight studies
showed that smoking is associated with an increased risk,
of which two retrospective cohort studies. The case-control
study by Ben et al. [23] found that ever smoking, with an
OR 0f 1.60 (CI 1.10-2.33), and heavy smoking, with an OR
0f2.07 (CI 1.15-3.73), increased the risk of (NF-) pNET. A
relatively large case-control study, by Capurso et al. [24],
reported a significant univariate OR for developing pNET
(OR: 5.8, CI 1.1-30.3), which attenuated after adjusting for
relevant confounders (no OR reported). In 160 low-inter-
mediate grade pNET patients, Hassan et al. [25] showed
that smoking was not a significant risk factor. Zhan et al.
[26] (>10 packs/year: OR: 2.23, CI 1.09-4.54) described
smoking as risk factor for insulinoma. The studies of Half-
danarson et al. [27] and Valente et al. [28] demonstrated no
difference in smoking behavior between GEP-NET pa-
tients and controls. In the cohort study by Faggiano et al.
[29], it was reported that within the GEP-NET population,
more people smoked compared to the general Italian popu-
lation. In a single study by Barrea et al. [30], fewer GEP-
NET patients smoked compared to controls.

A subgroup analysis by Cross et al. [31] reported that
within the SI-NET population, fewer men and women
smoked compared to controls. In a large study by Hassan
et al. [25], it was described that for SI-NET, smoking was
not a risk factor in both men and women [25]. Kaerlev et
al. [32] (AOR: 1.9, CI 1.1-3.2), Rinzivillo et al. [33] (ever
smoking AOR: 1.47, CI 1.07-2.03; heavy smoking AOR:
1.94, CI 1.33-2.87), and Curtin et al. [34] (ever-exposed
OR: 1.44, CI 1.11-1.86) found smoking to be an indepen-
dent risk factor for SI-NETs. In rectal NET, two studies
were performed, and no association between smoking
and rectal NET development was found [25, 35].

Smoking and Disease Course

Considering the influence of smoking on disease course,
Landry et al. [36] reported that in their prospective cohort,
the use of tobacco was associated with worse survival in
patients with metastasized GI-NET. In multivariable
analysis, not smoking was significantly related to better
survival (RR 0.33, p=0.005) [36]. Similarly, Ben et al. [23]
reported that both ever and heavy smoking were associ-
ated with advanced ENETS stage (p = 0.035, p = 0.002),
showing that tobacco use was a risk factor for a malignant
course of pNET. A summary of all data can be found in
Table 3.
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Alcohol Use

Alcohol Use and NET Development

A total of three cohort studies and nine case-control
studies investigated the role of alcohol in GEP-NET de-
velopment, of which seven studies reported alcohol use
and abuse as a risk factor for GEP-NET. A prospective
cohort study by Cross et al. [31] stated that alcohol and
SI-NET development were not related. A case-control
study by Curtin et al. [34] reported that alcohol was as-
sociated with SINET (OR 1.62, 95% CI 1.05-2.49).

Capurso et al. [24] (OR: 4.8, CI 2.4-9.5) reported a
strong association between alcohol use and the develop-
ment of pNET. In case of heavy alcohol use, Ben et al.
[23] confirmed an increased risk of functional-pNET
development (OR: 1.87, CI 1.01-3.51) in a larger study
population but did not find this in the general pNET
population. Contrarily, Zhan et al. [26] did not show
alcohol use as a risk factor for insulinomas specifically,
similar to Valente et al. [28], who showed that alcohol
was not associated with pNET in a larger case-control
study. A single study by Halfdanarson et al. [27] report-
ed less use of alcohol in pNET cases compared to con-
trols but did not report an OR for this finding. Jung et al.
[35] demonstrated alcohol to be associated with rectal
NET (AOR: 1.56, CI 1.01-2.42).

Alcohol Use and Disease Course

A single cohort study by Landry et al. [36] reported on
the relation between alcohol consumption and disease pro-
gression of GI-NET. In this study, it was found that alcohol
use was associated with worse survival in univariate analy-
sis only. Patients using alcohol had a median survival of
39.5 months in comparison to nondrinking patients with a
median survival of 47.4 months (p = 0.0035) [36]. In mul-
tivariable analysis, this effect could not be confirmed [36].
A summary of all data can be found in Table 3B.

Diet

Diet and NET Development

One cohort and one case-control study have reported on
the relationship between dietary habits and GEP-NET de-
velopment, with limited evidence. Cross et al. [37] looked
specifically at fat intake in SI-NET patients. Patients with a
saturated fat intake in the top tertile compared to the lowest
tertile had an increased risk of the development of SI-NET
(HR of 3.18 [CI 1.62-6.25]) [37]. A case-control study by
Barrea et al. [30] compared adherence to the Mediterra-
nean diet between GEP-NET patients and healthy controls.
Low adherence to the Mediterranean diet in patients was
shown as a risk factor for NETs.

Lifestyle and NETs

Diet and Disease Course

A single study addressed the association between di-
etary intake and clinical course of NETs. In the study
by Barrea et al. [30] in 83 GEP-NET patients, progres-
sive disease was associated with a low “Prevention with
Mediterranean diet” (PREDIMED) score (p < 0.001).
Additionally, patients with more aggressive disease showed
low adherence to the Mediterranean diet. Finally, a
PREDIMED score of <4, i.e., a less healthy diet, could
be used as a threshold for detecting patients at risk for
metastasizing disease or progressive disease (p < 0.001)
[30].

Physical Activity

In total, one cohort and two case-control articles men-
tioned physical activity in the context of GEP-NETs. None
of these studies assessed physical activity as a protective
factor in regression or survival analyses. Cross et al. [31]
did not find vigorous physical activity to be associated
with SI-NET (HR 0.95, 95% CI 0.57-1.60 in patients
performing vigorous physical activity >5 h/week). In the
case-control study by Barrea et al. [30], no significant dif-
ference in physical activity was found between GEP-NET
cases and controls. This was confirmed by Jung et al. [35],
who did not find a relationship between physical activity
levels and rectal NET development.

Body Mass Index

BMI and NET Development

One prospective cohort and seven case-control studies
investigated the association between BMI and the devel-
opment of GEP-NETSs. Three studies reported that a
higher BMI was associated with a higher risk of develop-
ing GEP-NETs [26, 27, 31].

In a prospective cohort, Cross et al. [31] found an in-
creased risk of developing small bowel carcinoid (SI-NET)
in individuals with a BMI >35 kg/m? (HR: 1.95, CI 1.06-
3.58). This was not found by Kaerlev et al. [32], where an
OR 0f 0.8 (CI 0.4-1.5) was found for SI-NET.

In patients with pNET, a large case-control study by
Capurso et al. [24] did not find a difference in BMI be-
tween cases and controls. Similarly, Valente et al. [28]
demonstrated thata higher BMI was not significantly associ-
ated with an increased risk of pancreatic neuroendocrine
neoplasm development (OR: 1.36, CI 0.88-2.08). Both
studies by Halfdanarson et al. [27] and Zhan et al. [26]
described that an increased BMI was found more fre-
quently in pNET and insulinoma patients than in controls.
It should be noted that in these studies, RoB assessment
showed that there was an increased risk of information bias.
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A single study in rectal NET by Jung et al. [35] showed
no difference in BMI and waist circumference between
patients and healthy controls.

The study by Hassan et al. [25] stated an inverse rela-
tion with high BMI and the development of various NETs.
Here, overweight and obese men developed fewer SI-NET's
and pNETs, and overweight men developed fewer gastric
NETs and lung NETs.

BMI and Disease Course

Four different cohort studies investigated the associa-
tion of BMI and GEP-NET prognosis, with different re-
sults. Cherenfant et al. [38] found no relation between
BMI and distant metastasis or overall survival in pNET
patients, while Ekeblad et al. [39] stated that a BMI <20
was associated with a worse prognosis in pNET patients
(HR: 2.5, p = 0.006).

In a study by Marrache et al. [40], BMI was found to
be related to the response to transcatheter arterial che-
moembolization of liver metastases derived from GEP-
NET. High BMI was associated with tumor response
(OR:1.3,CI 1.04-1.63) and less tumor progression (HR:
0.85, CI 0.76-0.86). The relationship between BMI and
tumor response was found to be linear [40]. The cohort
study by Bongiovanni et al. [41] demonstrated that low
BMI was associated with better overall and progression-
free survival in patients with metastasized GEP-NETs.
Patients with a BMI of 25 or below had a median pro-
gression-free survival of 19.3 months, while patients
with a higher BMI had a progression-free survival of 6.2
months (HR 7.17,95% CI 1.45-35.51) [41]. Overall sur-
vival was also better in patients with lower BMI (HR
5.00, 95% CI 1.00-24.91). The association, however, at-
tenuated and was nonsignificant in multivariable analy-
sis for both OS and PFS (HRs, respectively, 3.42 [0.67-
17.57] and 5.03 [0.97-26.11]) [41]. A summary of all
data can be found in Table 4A.

Diabetes Mellitus

Diabetes Mellitus and NET Development

A single small prospective cohort study reported no
relationship between diabetes and the development of
SI-NET [31]. Five case-control studies assessed the as-
sociation between diabetes and NET development and
found a significantly increased risk of NET [23-25, 27,
28].

Capurso et al. [24] stated that diabetes was associated
with pNET development, with an OR 0£40.1 (CI 4.8-328.9).
Similarly, Valente et al. [28] reported on the development
of pNET in patients with non-recent onset diabetes. In
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case of diabetes diagnosed 1-5 years before diagnosis of
pNET, diabetes was associated with an OR of 1.89 (CI
1.17-3.05) and an AOR of 2.09 (CI 1.27-3.45) for the
development of pNET [28]. Recent-onset diabetes (<1
year before pNET diagnosis) was reported as a risk factor
by Ben et al. [23] with an OR 0f 1.96 (CI 1.14-3.70) in NF-
pNET. Finally, Halfdanarson et al. [27] described an in-
creased incidence of diabetes in pNET cases as compared
to a control population.

The large case-control study by Hassan et al. [25]
reported a positive relation in case of recent onset diabe-
tes in pNET patients. On the contrary, it was stated that
in case of gastric NET, no association with recent onset
diabetes was found [25]. Interestingly, Hassan et al. [25]
showed a positive correlation with non-recent diabetes
for the development of gastric NET but failed to show this
relationship in case of pNET.

Diabetes Mellitus and Disease Course

Diabetes was investigated as a risk factor for disease
course and progression in five studies. In a recent large
multicenter cohort study by Pusceddu et al. [42], diabetes
was described as a protective factor for pNET progression
(HR: 0.63, CI 0.50-0.80) compared to nondiabetic pa-
tients. This relation was demonstrated to be attributable
to the use of metformin (HR: 0.49, CI 0.34-0.69), when
comparing metformin use to diabetic patients not using
metformin in a subgroup analysis [42]. A similar relation
was not found when comparing patients with diabetes not
using metformin and patients without diabetes [42]. Both
case-control studies by Capurso et al. [24] and Valente et
al. [28], each with a relatively large population, reported
that diabetes was associated with advanced disease in
pNET patients. Capurso et al. [24] stated that diabetes
(<12 months) was associated with metastatic disease (OR:
6.0, CI 1.2-28.7), while Valente et al. [28] reported that
non-recent diabetes (>12 months before pNET diagnosis)
was associated with an advanced stage and high tumor
grade. A recent study by Fan et al. [43] found that patients
with pNETs and type 2 diabetes had a worse 5-year over-
all and progression-free survival in univariate analysis
(HR 2.42, 95% CI 1.22-4.78 and HR 1.78, 95% CI 1.15-
2.75). This association, however, was not observed in
multivariate analysis (adjusted HR 1.15,95% CI 0.49-2.72
vs. adjusted HR 1.03, 95% CI 0.60-1.78). Type 2 diabetes
was associated with a higher risk of distant metastasis,
high grade tumors, and nerve invasion. In this study, met-
formin use was not associated with better survival (HR
0.66, 95% CI 0.17-2.59) [43]. A summary of all data can
be found in Table 4B.
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Discussion

The implication of lifestyle factors as risk factors for
cancer in general has gained more scientific appreciation
in recent years. In case of GEP-NETSs, this information is
sparse. Henceforth, the aim of this review was to acquire
all information available on the role of lifestyle factors in
the development and the natural course of GEP-NETs.

Several reviews and meta-analyses have been published
focusing on risk factors for NET development, including the
genetic profile of the tumor and possible biomarkers [44-
46]. In our study, we focused on lifestyle-associated risk fac-
tors and assessed the role of these lifestyle factors in the nat-
ural course and treatment response of NETs, which has not
previously been reported in a review. We performed an
extensive search of the literature including both studies as-
sessing risk factors for development and disease course.

Most studies have focused on either alcohol or tobacco
use, or both, with varying results in different anatomical lo-
cations [24-27, 35, 36]. In case of smoking, retrospective
cohort studies and case-control studies tend to report an
increased risk or no association between smoking and
GEP-NET development. However, in a prospective cohort,
smoking was identified as a factor decreasing the risk of SI-
NET development. In a meta-analysis of possible SI-NET
risk factors, smoking was associated with NET development,
although considerable heterogeneity between studies was
detected in this study [45]. In the meta-analysis, consider-
able heterogeneity of effect estimates between the studies
were observed, which might be caused by differences in
studied populations or study design. Therefore, a strong
conclusion cannot be drawn on the influence of smoking on
GEP-NET development in general. The influence of alcohol
on pNET development was not conclusive between studies.
Several larger case-control studies point toward alcohol use
asapossible risk factor for NETs, while a prospective cohort,
the large study by Hassan et al. [25] and several smaller case-
control studies, found no relationship between alcohol use
and pNET development [23, 24]. In a meta-analysis on five
of the studies included in this review, alcohol use was associ-
ated with NETs of the pancreas and rectum to different ex-
tent, while smoking was associated with pancreatic and SI-
NET [44]. This demonstrates the possible importance of tis-
sue sensitivity as alcohol and smoking were associated with
GEP-NETs: of different origin tissues. Another meta-analy-
sis on risk factors for pNET showed alcohol use as a possible
factor. In this analysis, however, considerable heterogeneity
was detected [46]. Hence, alcohol might be a possible risk
factor for pNET development, and a history of alcohol use
or abuse might play an important role.

Lifestyle and NETs

A single cohort and two smaller case-control studies
have taken interest in the relationship between physical ac-
tivity, diet, and GEP-NET. While no clear association be-
tween physical activity and NET's has been discovered, diet
has been shown to increase the risk of SI-NET in a prospec-
tive cohort study. Hence, the role of diet has been relative-
ly unexplored but most certainly cannot be dismissed.

Therole of BMI and diabetes in GEP-NET development
is a relatively recent point of interest. Larger case-control
studies suggest that BMI may not play a promoting role in
GEP-NET development, both retrospective and prospec-
tive cohorts and several smaller studies have been identi-
fied that suggest the opposite [24, 25, 28]. As these results
may be related to the limited sample sizes of the studies, the
data should be interpreted cautiously. Studies suggest that
diabetes is strongly linked to pNETSs. Importantly, diabetes
has been correlated with pNET development specifically,
whereas it has not been deemed relevant in other types
of GEP-NET. Nonetheless, a point of discussion may be
whether diabetes plays a causal role in the development in
pNET, or whether diabetes is a consequence of pNET
development. It has been suggested that in carcinoid syn-
drome, excess serotonin production may influence glucose
tolerance, leading to a diabetic phenotype [47]. A subgroup
of pNETSs are known to produce serotonin, but the relation
with diabetes in these patients remains unclear [48]. Alter-
natively, diabetes may cause a chronic state of inflamma-
tion (similar to Crohn’s disease in the small intestine) in
pancreatic tissue, leading to the malignant transformation
of cells [49]. Moreover, a high BMI and diabetes are di-
rectly linked: excess body fat increases the peripheral insu-
lin resistance, contributing to type II diabetes mellitus.

As diabetes increases the risk of developing GEP-
NET and is associated with more advanced disease at
diagnosis, it may be assumed that patients with diabetes
have a worse prognosis and survival [24, 28]. The study
by Pusceddu et al. [42] showed that patients with diabe-
tes treated with metformin have a lower risk of pNET
disease progression. Metformin, in this case, might
cause an antitumor effect. In a recently published study
investigating a retrospective cohort, high preoperative
blood glucose levels were associated with poor overall
and recurrence-free survival in patients without preex-
istent diabetes mellitus [50]. This supports the potential
antitumor effect attributed to metformin. A recent study
by Fan et al. [43] has shown no effect of diabetes or met-
formin on overall and progression-free survival, while
diabetes was associated with an increasing risk of metas-
tasis. This feeds into the discussion to what extend diabe-
tes is associated with pNET survival. The relation between
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diabetes, metformin, and pNETs, similar to the relation
between BMI and pNETSs, may thus be an interesting
topic of future research.

Little to no data are available on the influence of lifestyle
factors on the treatment response or natural disease course.
Among the studies reporting on lifestyle factors, most asso-
ciate lifestyle factors especially with either a more malignant
or aggressive form of GEP-NET at diagnosis [23, 24, 28, 30,
36]. These results suggest a possible more aggressive natural
course of NET's, but more research on this topic is desirable
in order to assess the effect of lifestyle factors on disease pro-
gression. One study (Marrache et al. [40]), reported that in
metastasized disease, BMI positively influences response to
transcatheter arterial chemoembolization. This could indi-
cate that BMI influences treatment response, but to what
extent is unclear as Bongiovanni et al. [41] contradict this
idea by showing that a BMI below 25 kg/m? was associated
with prolonged survival in metastasized disease. Nonethe-
less, BMI, and possibly other factors, cannot be dismissed as
important factors in treatment response.

This review gives an overview of the importance of life-
style factors in GEP-NETs but comes with its own limita-
tions. First, most studies included in this review are case-
control studies and might be hampered by specifically
recall bias. Similarly, most studies included only a smaller
sample size. It is of great importance to acknowledge the
differences in both case and control populations between
studies and the heterogeneity of the study population as the
WHO classification and definition of NETs has changed
over the years. Not only were a variety of NET subtypes in-
cluded, but different tumor grades were also reported be-
tween studies. Likewise, outcome measures varied between
studies. This complicates drawing conclusions, demon-
strating that tissue-specific effects cannot be ruled out, and
confirms the heterogeneity of the target population. An-
other limitation of this study is the inability to fully separate
the major subtypes of GEP-NET (SI and pNET) from each
other. Some studies have reported on one specific type of
GEP-NET, while others report on GEP-NET in general. In
our study, we try to evaluate all available knowledge on life-
style and GEP-NETs, but the comparison of the different
subtypes of NET may account for some of the variability
observed. Lastly, some of the studied factors may not be as
independent as assumed. For instance, diabetes and BMI
may be linked, as well as use of alcohol and smoking. Not
all studies included in the review took the interaction be-
tween factors into account, especially when looking at al-
cohol consumption. This may have tainted the results.
Nonetheless, residual confounding cannot be excluded.
A major strength of this study is the inclusion of articles
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assessing the relationship of lifestyle factors and the disease
course of GEP-NETs. To our knowledge, this has not previ-
ously been assessed in other reviews. In addition to this, we
assessed factors as diet and physical activity, which has not
previously been reported.

In conclusion, lifestyle factors and GEP-NET develop-
ment remain a challenging topic of investigation, and
more large prospective studies are needed. It is possible
that both diabetes and BMI may play a role in the devel-
opment and disease course of GEP-NETs. Moreover, the
role of smoking and alcohol use is more conflicting and
may be limited to specific subtypes of GEP-NET. The
knowledge gained by research in the relationship between
lifestyle factors and the development or disease course of
GEP-NETs could contribute to the apprehension of NET
etiology, as well as improving prognosis. Hence, future
studies should acknowledge lifestyle as an influence on
disease progression as well as treatment response.

Statement of Ethics

An ethics statement is not applicable because this study is based
exclusively on published literature.

Conflict of Interest Statement

The authors have no conflicts of interest to declare.

Funding Sources

This study did not receive dedicated funding.

Author Contributions

The contributions of the authors were as follows: Marit Bo-
gaards searched the literature, screened the articles, and per-
formed the data extraction and scientific writing. Faduma Has-
san was involved in the screening process and selection of the
articles. Anne May, Gerlof Valk, and Rachel van Leeuwaarde
were involved in the design of the study and interpretation of
the results. All the authors were involved in the critical revision
and writing of the article.

Data Availability Statement

All data generated or analyzed during this study are included
in this article and its online supplementary material files. Further
inquiries can be directed to the corresponding author [51-53].

Bogaards/May/Hassan/Valk/van
Leeuwaarde



—

10

11

12

13

References

Caldarella A, Crocetti E, Paci E. Distribution,
incidence, and prognosis in neuroendocrine tu-
mors: a population based study from a cancer
registry. Pathol Oncol Res. 2011;17(3):759-63.
Halfdanarson TR, Rubin J, Farnell MB, Grant
CS, Petersen GM. Pancreatic endocrine neo-
plasms: epidemiology and prognosis of pan-
creatic endocrine tumors. Endocr Relat Can-
cer. 2008;15(2):409-27.

Yao JC, Hassan M, Phan A, Dagohoy C, Leary
C, Mares JE, et al. One hundred years after
“carcinoid”: epidemiology of and prognostic
factors for neuroendocrine tumors in 35, 825
cases in the United States. ] Clin Oncol. 2008;
26(18):3063-72.

Quaedvlieg PF, Visser O, Lamers CB, Jans-
sen-Heijen ML, Taal BG. Epidemiology and
survival in patients with carcinoid disease in
The Netherlands. Ann Oncol. 2001;12(9):
1295-300.

Tsai HJ, Wu CC, Tsai CR, Lin SF, Chen LT,
Chang JS. The epidemiology of neuroendo-
crine tumors in Taiwan: a nation-wide cancer
registry-based study. PLoS One. 2013;8(4):
€62487.

Chauhan A, Yu Q, Ray N, Farooqui Z, Huang
B, Durbin EB, et al. Global burden of neuro-
endocrine tumors and changing incidence in
Kentucky. Oncotarget. 2018;9(27):19245-54.
Korse CM, Taal BG, van Velthuysen MLF,
Visser O. Incidence and survival of neuroen-
docrine tumours in The Netherlands accord-
ing to histological grade: experience of two
decades of cancer registry. Eur ] Cancer. 2013;
49(8):1975-83.

Fraenkel M, Kim MK, Faggiano A, Valk GD.
Epidemiology of gastroenteropancreatic neu-
roendocrine tumours. Best Pract Res Clin
Gastroenterol. 2012;26(6):691-703.

Lee KT, Jung JG, Woo YS, Lee JK, Lee KH,
Jang KT. Behavior of small, asymptomatic,
nonfunctioning pancreatic neuroendocrine
tumors (NF-PNETs). Pancreatology. 2014;
14(3):¢983.

Falconi M, Eriksson B, Kaltsas G, Bartsch DK,
Capdevila J, Caplin M, et al. ENETS consen-
sus guidelines update for the management of
patients with functional pancreatic neuroen-
docrine tumors and non-functional pancre-
atic neuroendocrine tumors. Neuroendocri-
nology. 2016;103(2):153-71.

Hassan MM, Phan A, Li D, Dagohoy CG,
Leary C, Yao JC. Family history of cancer and
associated risk of developing neuroendocrine
tumors: a case-control study. Cancer Epide-
miol Biomarkers Prev. 2008;17(4):959-65.
Parkin DM, Boyd L, Walker LC. 16. The frac-
tion of cancer attributable to lifestyle and en-
vironmental factors in the UK in 2010. Br |
Cancer. 2011;105(S2):S77-81.

Liu Y, Tobias DK, Sturgeon KM, Rosner B,
Malik V, Cespedes E, et al. Physical activity
from menarche to first pregnancy and risk of
breast cancer. Int ] Cancer. 2016;139(6):
1223-30.

Lifestyle and NETs

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Holmes MD, Chen WY, Feskanich D, Kroen-
ke CH, Colditz GA. Physical activity and sur-
vival after breast cancer diagnosis. JAMA.
2005;293(20):2479-86.

Walser T, Cui X, Yanagawa ], Lee JM, Hein-
rich E, Lee G, et al. Smoking and lung cancer:
the role of inflammation. Proc Am Thorac
Soc. 2008;5(8):811-5.

Dal Maso L, Zucchetto A, Talamini R, Ser-
raino D, Stocco CF, Vercelli M, et al. Effect of
obesity and other lifestyle factors on mortality
in women with breast cancer. Int ] Cancer.
2008;123(9):2188-94.

Florou AN, Gkiozos IC, Tsagouli SK, Souli-
otis KN, Syrigos KN. Clinical significance of
smoking cessation in subjects with cancer:
a 30-year review. Respir Care. 2014;59(12):
1924-36.

Liu PH, Wu K, NgK, Zauber AG, Nguyen LH,
Song M, et al. Association of obesity with risk
of early-onset colorectal cancer among women.
JAMA Oncol. 2019;5(1):37-44.

Litton JK, Gonzalez-Angulo AM, Warneke
CL, Buzdar AU, Kau SW, Bondy M, et al. Re-
lationship between obesity and pathologic re-
sponse to neoadjuvant chemotherapy among
women with operable breast cancer. ] Clin
Oncol. 2008;26(25):4072-7.

Parekh N, Chandran U, Bandera EV. Obesity
in cancer survival. Annu Rev Nutr. 2012;32(1):
311-42.

Preferred Reporting Items for Systematic Re-
views and Meta-Analyses. PRISMA 2020 Flow
Diagram for new systematic reviews which in-
cluded searches of databases and registers only.
2020.

Wells GA, Shea B, O’Connell D, Peterson J,
Welch V, Losos M, Tugwell P. The Newcastle-
Ottawa scale (NOS) for assessing the quality
of nonrandomised studies in meta-analysis.
2021.

Ben Q, Zhong J, Fei ], Chen H, Yv L, Tan J,
et al. Risk factors for sporadic pancreatic
neuroendocrine tumors: a case-control study.
Sci Rep. 2016;6(1):36073.

Capurso G, Falconi M, Panzuto F, Rinzivillo
M, Boninsegna L, Bettini R, et al. Risk factors
for sporadic pancreatic endocrine tumors: a
case-control study of prospectively evaluated
patients. Am | Gastroenterol. 2009;104(12):
3034-41.

Hassan MM, Phan A, Li D, Dagohoy CG,
Leary C, Yao JC. Risk factors associated with
neuroendocrine tumors: a U.S.-based case-
control study. Int ] Cancer. 2008;123(4):867—
73.

Zhan HX, Cong L, Zhao YP, Zhang TP, Chen
G. Risk factors for the occurrence of insuli-
noma: a case-control study. Hepatobiliary
Pancreat Dis Int. 2013;12(3):324-8.
Halfdanarson TR, Bamlet WR, McWilliams
RR, Hobday TJ, Burch PA, Rabe KG, et al.
Risk factors for pancreatic neuroendocrine
tumors: a clinic-based case-control study.
Pancreas. 2014;43(8):1219-22.

28

29

30

31

32

33

34

35

36

37

38

39

Valente R, Hayes AJ, Haugvik SP, Heden-
strom P, Siuka D, Korseth E, et al. Risk and
protective factors for the occurrence of spo-
radic pancreatic endocrine neoplasms. En-
docr Relat Cancer. 2017;24(8):405-14.
Faggiano A, Ferolla P, Grimaldi F, Campana D,
Manzoni M, Davi MV, et al. Natural history of
gastro-entero-pancreatic and thoracic neuro-
endocrine tumors. Data from a large prospec-
tive and retrospective Italian epidemiological
study: the NET management study. ] Endocri-
nol Invest. 2012;35(9):817-23.

Barrea L, Altieri B, Muscogiuri G, Laudisio D,
Annunziata G, Colao A, et al. Impact of nutri-
tional status on gastroenteropancreatic neu-
roendocrine tumors (GEP-NET) aggressive-
ness. Nutrients. 2018;10(12):1854.

Cross AJ, Hollenbeck AR, Park Y. A large pro-
spective study of risk factors for adenocarci-
nomas and malignant carcinoid tumors of the
small intestine. Cancer Causes Control. 2013;
24(9):1737-46.

Kaerlev L, Teglbjaerg PS, Sabroe S, Kolstad
HA, Ahrens W, Eriksson M, et al. The im-
portance of smoking and medical history
for development of small bowel carcinoid
tumor: a European population-based case-
control study. Cancer Causes Control. 2002;
13(1):27-34.

Rinzivillo M, Capurso G, Campana D, Fazio
N, Panzuto F, Spada F, et al. Risk and pro-
tective factors for small intestine neuroen-
docrine tumors: a prospective case-control
study. Neuroendocrinology. 2016;103(5):
531-7.

Curtin K, Cannon-Albright LA, VanDerslice
J, Yu Z, Herget KA, Thota R, et al. Associa-
tions of tobacco and alcohol use with risk of
neuroendocrine tumors of the small intestine
in Utah. Cancer Epidemiol Biomarkers Prev.
2019;28(12):1998-2004.

Jung YS, Yun KE, Chang Y, Ryu S, Park JH,
Kim HJ, et al. Risk factors associated with rec-
tal neuroendocrine tumors: a cross-sectional
study. Cancer Epidemiol Biomarkers Prev.
2014;23(7):1406-13.

Landry CS, Scoggins CR, McMasters KM,
Martin RC 2nd. Management of hepatic me-
tastasis of gastrointestinal carcinoid tumors. |
Surg Oncol. 2008;97(3):253-8.

Cross AJ, Leitzmann MF, Subar AF, Thomp-
son FE, Hollenbeck AR, Schatzkin A. A pro-
spective study of meat and fat intake in rela-
tion to small intestinal cancer. Cancer Res.
2008;68(22):9274-9.

Cherenfant J, Stocker SJ, Gage MK, Du H,
Thurow TA, Odeleye M, et al. Predicting ag-
gressive behavior in nonfunctioning pancre-
atic neuroendocrine tumors. Surgery. 2013;
154(4):785-93; discussion 91-3.

Ekeblad S, Skogseid B, Dunder K, Oberg K,
Eriksson B. Prognostic factors and survival in
324 patients with pancreatic endocrine tumor
treated at a single institution. Clin Cancer Res.
2008;14(23):7798-803.

Neuroendocrinology 2023;113:381-394
DOI: 10.1159/000527741

393


https://www.karger.com/Article/FullText/527741?ref=1#ref1
https://www.karger.com/Article/FullText/527741?ref=2#ref2
https://www.karger.com/Article/FullText/527741?ref=2#ref2
https://www.karger.com/Article/FullText/527741?ref=3#ref3
https://www.karger.com/Article/FullText/527741?ref=4#ref4
https://www.karger.com/Article/FullText/527741?ref=5#ref5
https://www.karger.com/Article/FullText/527741?ref=6#ref6
https://www.karger.com/Article/FullText/527741?ref=7#ref7
https://www.karger.com/Article/FullText/527741?ref=8#ref8
https://www.karger.com/Article/FullText/527741?ref=8#ref8
https://www.karger.com/Article/FullText/527741?ref=9#ref9
https://www.karger.com/Article/FullText/527741?ref=10#ref10
https://www.karger.com/Article/FullText/527741?ref=10#ref10
https://www.karger.com/Article/FullText/527741?ref=11#ref11
https://www.karger.com/Article/FullText/527741?ref=11#ref11
https://www.karger.com/Article/FullText/527741?ref=12#ref12
https://www.karger.com/Article/FullText/527741?ref=12#ref12
https://www.karger.com/Article/FullText/527741?ref=13#ref13
https://www.karger.com/Article/FullText/527741?ref=14#ref14
https://www.karger.com/Article/FullText/527741?ref=15#ref15
https://www.karger.com/Article/FullText/527741?ref=15#ref15
https://www.karger.com/Article/FullText/527741?ref=16#ref16
https://www.karger.com/Article/FullText/527741?ref=17#ref17
https://www.karger.com/Article/FullText/527741?ref=18#ref18
https://www.karger.com/Article/FullText/527741?ref=19#ref19
https://www.karger.com/Article/FullText/527741?ref=19#ref19
https://www.karger.com/Article/FullText/527741?ref=20#ref20
https://www.karger.com/Article/FullText/527741?ref=23#ref23
https://www.karger.com/Article/FullText/527741?ref=24#ref24
https://www.karger.com/Article/FullText/527741?ref=25#ref25
https://www.karger.com/Article/FullText/527741?ref=26#ref26
https://www.karger.com/Article/FullText/527741?ref=26#ref26
https://www.karger.com/Article/FullText/527741?ref=27#ref27
https://www.karger.com/Article/FullText/527741?ref=28#ref28
https://www.karger.com/Article/FullText/527741?ref=28#ref28
https://www.karger.com/Article/FullText/527741?ref=29#ref29
https://www.karger.com/Article/FullText/527741?ref=29#ref29
https://www.karger.com/Article/FullText/527741?ref=30#ref30
https://www.karger.com/Article/FullText/527741?ref=31#ref31
https://www.karger.com/Article/FullText/527741?ref=32#ref32
https://www.karger.com/Article/FullText/527741?ref=33#ref33
https://www.karger.com/Article/FullText/527741?ref=34#ref34
https://www.karger.com/Article/FullText/527741?ref=35#ref35
https://www.karger.com/Article/FullText/527741?ref=36#ref36
https://www.karger.com/Article/FullText/527741?ref=36#ref36
https://www.karger.com/Article/FullText/527741?ref=37#ref37
https://www.karger.com/Article/FullText/527741?ref=38#ref38
https://www.karger.com/Article/FullText/527741?ref=39#ref39

40

41

42

43

44

Marrache F, Vullierme MP, Roy C, Assoued
YE, Couvelard A, O'Toole D, et al. Arterial
phase enhancement and body mass index are
predictors of response to chemoembolisation
for liver metastases of endocrine tumours.
Br ] Cancer. 2007;96(1):49-55.

Bongiovanni A, Riva N, Ricci M, Liverani C,
La Manna F, De Vita A, et al. First-line che-
motherapy in patients with metastatic gastro-
enteropancreatic neuroendocrine carcinoma.
Onco Targets Ther. 2015;8:3613-9.
Pusceddu S, Vernieri C, Di Maio M, Marcon-
cini R, Spada F, Massironi S, et al. Metformin
use is associated with longer progression-free
survival of patients with diabetes and pancre-
atic neuroendocrine tumors receiving evero-
limus and/or somatostatin analogues. Gastro-
enterology. 2018;155(2):479-89.¢7.

Fan Z, Gong Y, Huang Q, Yang C, Cheng H,
Jin K, et al. Diabetes is associated with the me-
tastasis of pancreatic neuroendocrine tumors.
Pancreas. 2020;49(6):751-6.

Leoncini E, Carioli G, La Vecchia C, Boccia S,
Rindi G. Risk factors for neuroendocrine

45

46

47

48

49

neoplasms: a systematic review and meta-
analysis. Ann Oncol. 2016;27(1):68-81.
Haugvik SP, Basim Ibrahim I, Hedenstrom P,
Valente R, Hayes AJ, Siuka D, et al. Smoking,
alcohol and family history of cancer as risk fac-
tors for small intestinal neuroendocrine tumors:
a systematic review and meta-analysis. Scand |
Gastroenterol. 2017;52(8):797-802.

Haugvik SP, Hedenstrom P, Korsxth E,
Valente R, Hayes A, Siuka D, et al. Diabetes,
smoking, alcohol use, and family history of
cancer as risk factors for pancreatic neuroen-
docrine tumors: a systematic review and me-
ta-analysis. Neuroendocrinology. 2015;101(2):
133-42.

Feldman JM, Plonk JW, Bivens CH, Lebovitz
HE. Glucose intolerance in the carcinoid syn-
drome. Diabetes. 1975;24(7):664-71.
Milanetto AC, Fassan M, David A, Pasquali
C. Serotonin-secreting neuroendocrine tu-
mours of the pancreas. ] Clin Med. 2020;
9(5):1363.

Bartsch H, Nair J. Chronic inflammation and
oxidative stress in the genesis and perpetuation

394

DOI: 10.1159/000527741

Neuroendocrinology 2023;113:381-394

50

51

52

53

of cancer: role of lipid peroxidation, DNA
damage, and repair. Langenbecks Arch Surg.
2006;391(5):499-510.

Gong Y, Fan Z, Zhang P, Qian Y, Huang Q,
Deng S, et al. High pre-operative fasting
blood glucose levels predict a poor progno-
sis in patients with pancreatic neuroendo-
crine tumour. Endocrine. 2021;71(2):494—
501.

Chen CC, Neugut AL Rotterdam H. Risk fac-
tors for adenocarcinomas and malignant car-
cinoids of the small intestine: preliminary
findings. Cancer Epidemiol Biomarkers Prev.
1994;3(3):205-7.

Wilson SD, Doffek KM, Krzywda EA,
Quebbeman EJ, Christians KK, Pappas SG.
Zollinger-Ellison syndrome associated with a
history of alcohol abuse: coincidence or con-
sequence? Surgery. 2011;150(6):1129-35.
Gullo L, Migliori M, Falconi M, Pederzoli P,
Bettini R, Casadei R, et al. Nonfunctioning
pancreatic endocrine tumors: a multicenter
clinical study. Am ] Gastroenterol. 2003;
98(11):2435-9.

Bogaards/May/Hassan/Valk/van
Leeuwaarde


https://www.karger.com/Article/FullText/527741?ref=40#ref40
https://www.karger.com/Article/FullText/527741?ref=41#ref41
https://www.karger.com/Article/FullText/527741?ref=42#ref42
https://www.karger.com/Article/FullText/527741?ref=42#ref42
https://www.karger.com/Article/FullText/527741?ref=43#ref43
https://www.karger.com/Article/FullText/527741?ref=44#ref44
https://www.karger.com/Article/FullText/527741?ref=45#ref45
https://www.karger.com/Article/FullText/527741?ref=45#ref45
https://www.karger.com/Article/FullText/527741?ref=46#ref46
https://www.karger.com/Article/FullText/527741?ref=47#ref47
https://www.karger.com/Article/FullText/527741?ref=48#ref48
https://www.karger.com/Article/FullText/527741?ref=49#ref49
https://www.karger.com/Article/FullText/527741?ref=50#ref50
https://www.karger.com/Article/FullText/527741?ref=51#ref51
https://www.karger.com/Article/FullText/527741?ref=52#ref52
https://www.karger.com/Article/FullText/527741?ref=53#ref53

	startTableBody
	startTableBody
	StartZeile
	startTableBody
	StartZeile
	Zwischenlinie
	startTableBody

