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ABSTRACT

ARTICLE HISTORY

Nutrition and metabolism are altered in patients with gastroenteropancreatic neuroendocrine tumors, which is related to excessive production of gastrointestinal hormones, peptides, and amines that can cause maldigestion, diarrhea, steatorrhea, and altered
gastrointestinal motility. Patients with carcinoid syndrome are at risk of malnutrition due to
tryptophan depletion, reduced intake of food, and loss of appetite because of diarrhea and/
or flushing. To date, there is limited information on the nutritional issues faced by patients
with neuroendocrine tumors, and on what specific recommendations should be made to
patients concerning nutrition at various stages of the disease process. Dietary planning
should therefore be an integral part of multidisciplinary management for patients with neuroendocrine tumors. Herein, we review current guidance for nutrition in patients with neuroendocrine tumors, focusing on intake of amines and foods to avoid, as well as concurrent
medications. We also propose a new and practical food pyramid based on the principles of
Mediterranean diet 4.0 that can be easily adapted according to the unmet needs of patients
with neuroendocrine tumors at all stages of disease. The overarching goal of the present
review is to create greater awareness of nutritional care and considerations that should be
given to patients with neuroendocrine tumors.
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Introduction
Gastroenteropancreatic
neuroendocrine
tumors
(NETs) are a heterogeneous group of neoplasms arising from secretory cells of the neuroendocrine cell
system (1,2). Gastroenteropancreatic NETs can be
broadly considered as clinically functioning or nonfunctioning depending on whether the neoplasm produces peptide hormones such as insulin, gastrin, and
glucagon which give rise to characteristic clinical syndromes (1,2). Since the secretion of hormones leads to
symptoms that can facilitate diagnosis, nonfunctioning
tumors are generally asymptomatic from a clinical
standpoint (3).
While gastroenteropancreatic NETs have been traditionally considered as fairly rare, their incidence has
increased substantially in recent decades. In fact, the
SEER database of the National Cancer Institute
CONTACT Salvatore Artale
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Via Pastori 4, 21013 Gallarate, Italy.

reported that the annual age-adjusted incidence rate
increased from 1.09 per 100,000 in 1973 to 6.98 per
100,000 in 2012, which spanned all sites, stages, and
grades (4). It is widely held that this dramatic increase
is due to improvements in imaging and detection
(1,2). Considering all gastroenteropancreatic NETS,
given the broad heterogeneity of these tumors it is not
surprising that their clinical behavior also varies
widely, and depends on histologic grade and tumor
differentiation (5).
Among all NETs, roughly 20% of patients will present with carcinoid syndrome (CS), which is characterized by flushing, abdominal cramps, and diarrhea, but
also hypotension, tachycardia, and bronchoconstriction
(2,6). CS has significant negative impact on all aspects
of the quality of life, including diet, employment, physical functioning, and social activities, and is associated
with increased costs of care compared to
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nonfunctioning NETs (6). Therefore, minimizing the
symptoms related to CS is an important goal in the
management of these patients (1). As a paraneoplastic
syndrome, CS is related to secretion of humoral factors,
comprising polypeptides, vasoactive amines, and prostaglandins (6). In addition to the aforementioned peptide hormones, 5-hydroxytryptophan and its secondary
breakdown product 5-hydroxyindoleacetic acid in urine
are also key markers for CS (3). The vast majority of
tryptophan is used for synthesis of nicotinic acid, and
only a small fraction is used for synthesis of 5-hydroxytryptophan (7). However, it has been known for decades that in patients with CS the tumor can consume
more than 50% of the tryptophan in the body (8).
Tryptophan is an essential amino acid that is a precursor of both nicotinic acid (vitamin B3) and 5-hydroxytryptophan. The unrestrained production of 5hydroxytryptophan via tryptophan 5-hydroxylases and
aromatic L-amino acid decarboxylase in carcinoid cells
may thus deplete tryptophan from the pathway that
produces nicotinic acid leading to its subsequent depletion (8). For this reason, patients with uncontrolled CS
are prone to develop nicotinic acid deficiency (9). The
ensuing and clinically-relevant alterations in tryptophan
levels can thus lead to neurocognitive symptoms, pellagra, and possible carcinoid heart disease (6).
For a variety of reasons as discussed below, nutrition
and metabolism are altered in patients with NETs, and
as such these patients have special nutritional requirements (10). Despite this, there is limited information on
what actions should be recommended to patients concerning nutrition at various stages of the disease (10).
Herein, we summarize current guidance for nutrition in
patients with NETs, especially regarding intake of
amines and food to avoid, as well as concurrent medications. We also propose a new and practical food pyramid with the overarching goal of creating greater
awareness of nutritional care in patients with NETs.

Diagnosis and Clinical Management of NETs
Foods to Avoid during Diagnosis and Follow-up
Diagnosis of CS depends on the presence of symptoms
as well as the presence of elevated levels of urinary 5hydroxyindoleacetic acid (3). Clinicians should keep in
mind that while sensitivity and specificity of 24-hour

urinary 5-hydroxyindoleacetic acid is very high, some
serotoninergic agents and foods rich in 5-hydroxytryptophan should be avoided for 48 h, before urine collection
since they can give rise to a false positive result (6)
(Table 1). It is noted that assay of plasma 5-hydroxyindoleacetic acid may have similar accuracy to measurement of 24-hour urine 5-hydroxyindoleacetic acid (11).
Chromogranin A is a sensitive, and effective marker
for diagnosis and follow-up of NETs (12). It has also
been reported to have the highest accuracy and to be
the most reliable marker that reflects the clinical status
of NETs (13). As such, its correct determination is
essential for management of these tumors (13). t has
been reported that while intake of caffeine-containing
beverages prior to blood sampling appears to have no
impact on measurement of chromogranin A in patients
with gastroenteropancreatic NETs, intake of a 5-item
English breakfast (available items to choose from: one
slice of bacon, one sausage, one fried egg or scrambled
egg, fried bread, toast, baked beans, plum tomato, black
pudding or one hash brown) moderately raised plasma
chromogranin A levels in individuals who were not on
treatment with a long-acting somatostatin analog (14).
In addition, the same study found that proton pump
inhibitors have the potential to interfere with sampling
of chromogranin A (14). Given these findings, fasting
should be encouraged prior to measuring chromogranin A during screening and follow-up in patients with
presumably resected disease (14). Overnight fasting, or
at least for 6 h, has also been recommended prior to
fasting gut hormone profile (15). Moreover, if the
patient is on a proton pump inhibitor this should be
temporarily discontinued (15).
Treatment of CS
While surgery remains the mainstay of many gastroenteropancreatic NETs, somatostatin analogues, such
as octreotide LAR and lanreotide, have revolutionized
the management of these tumors (16). Octreotide
LAR and lanreotide bind to somatostatin receptors
and inhibit the secretion of peptides causing CS (17).
These agents are associated with improvement in
symptoms (diarrhea and flushing) in about 80% of
patients (18), and resolution or improvement of
symptoms may occur as early as 3 mo, after initial
therapy (19). The median duration of symptomatic

Table 1. Drugs and foods to avoid prior to testing for carcinoid syndrome by 24-hour urinary 5-hydroxyindoleacetic acid.
Serotoninergic agents
Antidepressants, tramadol, acetaminophen, salicylates, L-3,4dihydroxyphenylalanine

Foods rich in 5-hydroxytryptophan
Banana, kiwi, avocado, pineapple, walnut family (black/English walnuts),
hickory family nuts (shagbark, pecans), plantains, plums, tomatoes,
dates, grapefruit, honeydew, olives, eggplant, coffee
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response is generally about 12 mo, because of the
upregulation of other somatostatin receptor subtypes,
leading to “escape from response” (20). Today, somatostatin analogs are recommended as first-line treatment by
European guidelines for patients with advanced functioning NETs, and especially for those with CS (21).
Telotristat ethyl is a prodrug that is converted into its
active metabolite telotristat etiprate after oral administration (22). In CS patients, telotristat ethyl has been associated with significant improvement in the symptoms of
CS, including diarrhea, over 1-3 mo, of therapy (23). In
addition, in the TELESTAR study in patients with CS,
treatment with telotristat ethyl was associated with significant, dose-dependent weight gain and reduced severity of diarrhea in approximately one-third of cases (24).
More recently, peptide receptor radionuclide therapy
(PRRT) with 177Lu-Dotatate is a new therapeutic option
in patients with metastatic gastroenteropancreatic NETs
that express somatostatin receptors (25). The b-emitting
radionuclide lutetium-177, with a half-life of 6.7 days and
a maximum b range of 2 mm in tissue, make it the ideal
radionuclide for PRRT, and treatment with b-emitting
radiolabeled somatostatin analogues results in impressive
percentages of tumor regression (25). Progression-free
survival (PFS) was 29 mo, and overall survival for all NET
patients was greater than 5 years (63 mo, 95% CI,
55–72 mo,) (25). Based on these results, 177Lu-Dotatate is
considered to be a valid therapeutic option in patients
with gastroenteropancreatic NETs that express somatostatin receptors, and is associated with good response rates
and few treatment-related adverse events (26). All the
available data indicate that many patients with NETs will
achieve favorable long-term survival (25).

Nutritional Concerns in Patients with NETs
The overall process of nutrition-metabolism is altered
in gastroenteropancreatic NETs, which is related excessive production of gastrointestinal hormones, peptides,
and amines that can lead to maldigestion, diarrhea,
steatorrhea, and altered gastrointestinal motility that
develops into various clinical syndromes (27–29).
Patients with NETs are at risk of protein-caloric malnutrition due to tryptophan depletion, reduced intake
of food, and loss of appetite because of severe diarrhea
and/or flushing (27). Furthermore, it is important to
consider that diarrhea can lead to changes in treatment,
including dose reduction or discontinuation of therapy,
which may have a negative effect on work productivity
as well as increased direct and indirect costs (30).
As noted by other authors, it cannot be overstated
that there is limited information on the nutritional
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issues faced by patients with CS (31). Moreover, malnutrition, vitamin deficiencies, and food intolerances
appear to be prevalent, but unfortunately are not
widely recognized (31). If these complications are not
adequately treated, they can have significant negative
impact on quality of life and physical functioning
(31). Although not widely investigated, the association
between nutrition-related complications and quality of
life is being examined in a dedicated study in patients
with gastroenteropancreatic NETs, and should help to
provide a comprehensive description of the nutritional
issues that these patients face (32).
Not only are NETs a relatively rare clinical entity,
but they are also very complex from both diagnostic
and management perspectives, as are the associated
nutritional issues (10,33). Both the tumor and therapies can have an influence on the nutritional concerns
of the patient (10). Food can interact with the metabolism of oral therapies and antineoplastic agents used
to manage some of these tumors (28). Malnutrition is
a problem that is common to oncological pathologies,
and which has been invariably associated with poorer
response to treatment, increased rates of complications following surgical intervention, increased length
of hospital stay, and poorer quality of life (10,29).
Accordingly, cancer patients who are malnourished
can be expected to have poorer outcomes from a variety of points of view (34). Malnutrition has also been
shown to have negative consequences on outcomes in
patients with NETs considering the above outcomes
(10). Several studies have reported on the presence of
malnutrition at first visit or at successive follow-up
visits with percentages that vary widely, from 5% to
up to 38% (29,35–39). In addition, body mass index
(BMI) < 20 kg/m2 has been considered to be a negative prognostic factor in patients with NETs (40), and
is also a predictor of response to chemoembolization
for liver metastases (41). In a study on 203 patients
with NETs, using malnutrition screening tools and
anthropomorphic measurements including BMI, up to
25% of cases were considered to have malnutrition,
which was associated with poorer outcomes; malnutrition was identified in multivariate analysis as an independent prognostic factor for NETs (29).
Vitamin status has also been evaluated in NETs.
Deficiency in vitamin D has been reported in at
roughly half of patients with NETs (42–44).
Importantly, correction of vitamin D levels through
supplementation has been shown to have a positive influence of progression-free survival (43). There is also evidence that treatment with long-acting somatostatin
analogues may impair exocrine pancreatic function, which
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may further lead to insufficiencies in fat soluble vitamins
like vitamin D (39). Nicotinic acid deficiency has also
been documented in nearly 30% of patients with CS (45).
Considering all of the above, nutritional screening and
assessment should be an integral component of management of patients with NETS, and especially CS (10).
Nutritional dietary planning should therefore be an integral part of multidisciplinary management for patients
with NETs (36). For screening, the malnutrition universal
screening tool (MUST) can be used both prior to and
during therapy (38), although it has not been validated to
be diagnostic of malnutrition. Due to frequent bouts of
diarrhea, patients can sometimes show severe malnutrition (MUST score > 2) that requires enteral and/or parenteral nutrition (38). In addition to anthropometric
measurements such as BMI, which is not diagnostic of
malnutrition, nutritional status can be assessed with tools
such as the Subjective Global Assessment (SGA) (46) or
Nutritional Risk Screening (47), which are widely applied
to evaluate nutritional status assessment in routine practice and also used in patients with NETs (29).
Lastly, it is worthwhile mentioning the recently proposed Global Leadership Initiative in Malnutrition
(GLIM) criteria (48). This consensus effort proposed
that diagnosis of malnutrition be guided through the use
of five criteria: three phenotypic criteria (non-volitional
weight loss, low body mass index, and reduced muscle
mass) and two etiologic criteria (reduced food intake or
assimilation and inflammation or disease burden) (48).
For a diagnosis of malnutrition, one phenotypic criterion
and etiologic criterion are required (48). Compared to
the SGA, the GLIM criteria have been reported to have
fair sensitivity and specificity (49). In cancer patients,
GLIM criteria using hand grip strength have been
shown to correlate positivity with 6-month mortality
(50). To our knowledge, GLIM criteria have not been
used to assess nutritional status in patients with NETs.

General Recommendations for Nutrition in
Patients with NETs
The World Cancer Research Fund has provided a series
of general recommendations for primary or secondary
prevention of cancer (51). These include maintaining a

healthy weight, prefer whole grains, fruits and vegetables, legumes, and limiting red and processed meat as
well as sugar sweetened beverages (51). The American
Cancer Society has recommended that all cancer survivors should eat at least five servings of fruits and vegetables per day (52). The European Society for Clinical
Nutrition and Metabolism has also issued nutritional
guidance for cancer patients and for cancer-related
nutrition (53). In general, while not specific for NETs,
many of the basic principles of these recommendations
may be applied to NET patients, especially for those
undergoing chemotherapy (10,54).
The Carcinoid Cancer Foundation has also issued a
series of general recommendations (55). These comprise increasing intake of protein, eating 5-10 portions
of carbohydrates (fruits, vegetables, whole grains)
daily, maintaining a low intake of fat, and eating
foods that are rich in vitamins and minerals (55). It is
stressed that in patients with NETs, consumption of
alcohol should be avoided (55).
Considering that low levels of tryptophan are generally present in patients with CS, protein intake
should be individualized based on referred eating patterns, also considering possible insufficiency in renal
function (36). Moreover, in consideration of the general recommendations from the societies cited above
and recommendations for patients with NETs, a diet
rich in fruits, vegetables, and whole grains than contain both macro- and micronutrients is likely to be of
benefit (36). Reducing the intake of fat may help to
lower the incidence of steatorrhea and achieve better
control of diarrhea, while eating foods that are rich in
vitamins and minerals may help prevent vitamin deficiency (such as nicotinic acid deficiency, associated
with pellagra) (36).
In a review on nutrition in patients with NETs, Go
et al. highlighted the recommendations of the 2005
Dietary Guidelines Advisory Committee from the US
Department of Health and Human Services (Table 2)
(28). Similar to the above recommendations, these
provide general guidance for nutrition. It was considered that a healthy diet is primarily plant-based, with
5-10 portions of fruits and vegetables and limiting
consumption of animal protein, replacing it with

Table 2. Recommendations by the 2005 Dietary Guidelines Advisory Committee (28).









Monitor your body weight to achieve health
Be physically active each day
Choose a variety of foods with, and among, the basic food groups, while not exceeding your daily calorie limit
Increase daily intake of fruits and vegetables, whole grains, and nonfat or low-fat milk and milk products
Keep food safe to eat
Decrease intake of saturated fat, trans fat, and cholesterol while increasing foods rich in omega-3 fatty acids (fish)
Choose and prepare foods with less salt
If you drink alcoholic beverages, do so in moderation
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Table 3. Amine-rich foods and products (tyramine, dopamine). Adapted from (28).
Foods high in amines (to avoid)

Foods moderately high in amines (allowed in moderation)














Aged cheeses (cheddar, Camembert, Stilton)
Alcoholic beverages
Smoked, salted, or pickled fish or meat (herring, salami, sausage,
corned beef, bologna, pepperoni)
Any spoiled protein foods (chicken liver)
Yeast extracts and brewer’s yeast, hydrolyzed proteins
Broad beans, sauerkraut, shrimp paste, some soybean products, miso
soup, soy sauce, tofu

beans and other legumes (28). It also consists of lowfat or fat-free dairy products; nuts and seeds, which are
low in saturated fat and contain no trans fatty acids;
and whole grains as a source of carbohydrates (28).
Limiting intake of salt and refined sugar is encouraged,
and dietary supplements should be avoided unless specifically instructed by a physician (28).

Nutritional Concerns for Management
of Diarrhea
The prevalence of CS-associated diarrhea in patients
with NETs and elevated urinary 5-hydroxyindoleacetic
acid has been reported to be as high as 80% (6). Thus,
some considerations on diarrhea and nutrition are warranted. Based on studies in patients with gastrointestinal conditions such as Crohn’s disease and ulcerative
colitis, a low-fiber/low-residue diet is considered to be
an integral part of management of a number of bowel
diseases (56). By applying these principles, patients presenting up to four bouts of diarrhea, a low-fiber diet
ranging from 18 to 24 gm might be considered (56).
This suggestion is based on our unpublished experience
in patients with colorectal cancer undergoing chemotherapy in which non-adherence to dietary recommendation is associated with a higher rate of cancer
therapy-induced diarrhea. In this prospective interventional study on 107 consecutive patients, metastatic
colorectal cancer who underwent fluoropyrimidine,
oxaliplatin, irinotecan-based chemotherapy, a significant relation was found between cancer therapyinduced diarrhea and low adherence to a preemptive
balanced fiber diet, according to World Cancer
Research Fund recommendations (odds ratio 2.52;
unpublished data).
In those with more than for 4–7 episodes, a maximum of 10 g/day might be considered (56). Fibers
such as whole grains and legumes are excluded, and
vegetables and fruits are limited (56). It should be
noted that these are therapeutic considerations for diarrhea, and not general recommendations that are in
contrast with what mentioned above. For patients with
more than seven bouts of diarrhea, hospitalization may

Caffeine-containing drinks, coffee, soda
Chocolate (in large amounts)
Some nuts (peanuts, coconuts, Brazil nuts)
Some pizzas, raspberries, banana, avocado

be necessary and should be treated with artificial nutrition (56). In order to limit bouts of diarrhea, this nutritional treatment provides a low sugar level and
appropriate distribution during the day (56). Small and
frequent meals at room temperature and dry foods are
recommended (56). Soft drinks are banned because
they cause water osmotic pressure in the bowel, causing
diarrhea (57). Lactose-containing foods are not allowed
in order to avoid abdominal pain and diarrhea for
those who are intolerant and have congenital primitive
lactase deficiency (68% of global population) (58).

Intake of Amines in Patients with NETs
Regarding nutritional considerations for patients with
symptomatic NETs, it is advisable to follow a healthy
diet as recommended above (28). However, all
patients must weigh general advice against their own
experience and individual symptoms. The most common symptoms include diarrhea, abdominal pain, gas
and bloating, and flushing, and to a lesser extent
fatigue, weakness, weight loss, and skin rash (54). In
addition, some key nutritional issues must be considered for patients with gastrointestinal symptoms, and
it has been suggested that some amine-rich foods be
avoided (Table 3) (28). Nonetheless, it is acknowledged that these recommendations are largely based
on anecdotal reports and are not evidence-based (31).
Vasoactive amines are precursors for catecholamines
like adrenaline, which possibly trigger carcinoid
tumors to secrete vasoactive substances and aggravate
symptoms or cause carcinoid crisis (59). Tyramine is
one of the most active of the vasoactive amines (60).
As a general consideration, tyramine and other pressor amines are usually present in high concentrations
only in aged, fermented and spoiled protein products
(55). Thus, foods that have a high content in vasoamines should be avoided, such as aged cheeses, alcoholic beverages, and shrimp (55). Other foods with a
moderately high content, such as caffeine-containing
beverages and chocolate, might be allowed depending
on severity symptoms (55). There is no need to avoid
foods that are rich in 5-hydroxytryptophan (55).
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Figure 1. Summary of dietary recommendations for patients with NETs.

Concomitant Medications
As with any pharmacotherapy, food-drug interactions
should be given due consideration in patients with
NETs, which can alter the absorption rate or interfere
with the metabolism of many drugs (61). Some of the
most relevant interactions relate to those involving
CYPP450 3A4, which are especially relevant when on
treatment with everolimus or sunitinib (10). As one
example, patients should be counseled to avoid drinking grapefruit juice and eating grapefruit when taking
these medications as it interferes with the activity of
CYPP450 3A4 (10). Probiotics should be allowed if
needed as they have been shown to prevent diarrhea
in inflammatory bowel disease (10). Pancreatic
enzymes, such as pancrease, creon, and ultrase, are
recommended for patients with steatorrhea, which
may be related to somatostatin analog therapy (10).
Fat-soluble vitamins A, D, E, and K, and multiple
vitamins are also advisable, especially if the patient
has fat malabsorption (10).

Summing up Dietary Recommendations
The American Institute of Cancer has issued a series
of general recommendations for healthy eating that
are in line with those discussed above (62). This
include eating more whole grains, vegetables, fruits
and pulses (legumes), limiting consumption of fast
foods and processed foods, red meat and processed

meat, and sugar-sweetened soft drinks, with no need
for dietary supplementation (62). Nutritional assessment
and screening, based on body composition, lifestyle, and
specific tools to evaluate nutritional status should be an
integral component of management of all patients with
NETs, and particularly so in those with CS (10,54).
While healthy eating should be a fundamental part of
the daily routine of all patients, it is important in individuals with NETs since many tumors will have an
indolent course, and patients are likely to undergo multiple lines of therapy during the long natural history of
these tumors (3,33). The tumor itself may also have an
impact on the patient’s overall nutritional status and
needs, and poor nutritional status and low body weight
can have a negative impact on outcomes (10,29,40,41).
The main dietary recommendations in patients with
NETs are summarized in Figure 1.
In line with the above-described recommendations,
we propose a new and practical food pyramid for use
in patients with NETS, based on the principles of
Mediterranean diet 4.0 (63). It is considered the most
sustainable diet in terms of health benefits, environmental impact, economic returns and socio-cultural
values. We believe that the Mediterranean diet 4.0 is a
useful model to adopt since it can be easily adapted
according to the unmet needs of patient with NETs
(Figure 2) (63). Our proposal is made with the realization that there are yet no studies supporting the adoption of this model in patients with NETs, although it
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Figure 2. The Mediterranean diet 4.0 modified for patients with NETs.

is highly compatible with the principles and recommendations outlined herein. Nonetheless, a recent
study has evaluated the Mediterranean diet in prevention of platinum-based gastrointestinal toxicity in
women with gynecological malignancies, reporting
that adherence to the diet was seen to reduce gastrointestinal toxicity and prevent impairment of nutritional status (64). In particular, the study showed that
adoption of a Mediterranean diet led to a reduction in
the severity and frequency of nausea and gastrointestinal pain, abdominal bloating, and less interference
with daily activities (64).
A multidisciplinary team is increasingly used in
management of NETS due to their complexity, ideally
requiring multiple specialists (surgeons, radiologists,
endocrinologists, nuclear medicine specialists) (3,65,66).
We believe that nutritionists with expertise in NETs
should also be a fundamental component of the multidisciplinary management team as they can provide
expert dietary approaches to improve the quality of life
as well as nutritional status during the entire treatment
pathway. Nutritionists can monitor the nutritional status of patients and suggest appropriate dietary changes
to avoid the side effects of any therapy.
Lastly, solid data on nutrition in NETs is rather
limited and large studies investigating specific aspects
are lacking (10). In the absence of such data, there are
still several guiding principles that can direct the most
appropriate nutritional therapy at any given stage,
from diagnosis to long-term follow-up. Patients with
CS merit additional consideration over those with
nonfunctioning NETs due to their symptoms and the
underlying pathophysiological causes. It is hoped that

the present analysis can help to create greater awareness of nutritional care and considerations that should
be given to patients with NETs.
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