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to produce metabolically active substances with the capacity to bring about clinical syndromes. The clinical ex-
pression of serotonin-producing NETs is known as carcinoid syndrome (CS). The synthesis of serotonin in the
brain is dependent on tryptophan availability. At the central level, serotonin is indispensable for mood, anxiety,
Introduction: Neuroendocrine tumors (NETs) are rare and malignant neoplasms characterized by their potential

and sleep regulation. In CS patients, around 60% of all tryptophan is reported to be consumed by tumor cells for
the peripheral synthesis of serotonin, increasing the risk of a central deficiency and thus psychiatric disorders.
Materials and methods: This manuscript reviews the existing literature about psychiatric disorders associated
with NETs and addresses the safety of psychiatric drugs in these patients. A systematic search of the biomedical
literature was performed using the following databases: PubMed, Embase, CINAHL (EBSCO), PsycInfo (OVID),
and Cochrane CENTRAL (Wiley). The database search included articles published between January 1965 and Feb-
ruary 2021. Relevant information were charted using a calibrated charting-form.
Results: Twenty-two articles were included in the present review. The overall population size of the studies came
to 3319 patients. All patients presented a confirmed diagnosis of NET. The information about the presence of CS
was confirmed in 351 cases. The psychiatric symptoms reported includedmood disturbances (including, depres-
sion and anxiety), psychoses, impulse control disorders and sleeping alterations.We also evaluated the presence
of cognitive impairments in NET patients. Finally, we summarize the available data regarding the safety of psy-
chiatric drugs in this setting.
Conclusions: Psychiatric disorders among NET patients are poorly recognized, and therefore have received very
little research attention. As a result, no standardized algorithm is presently available. Our findings support de-
tailed psychiatric evaluation in NET patients, especially in those presenting CS and symptoms suggestive of psy-
chiatric involvement. Not only do cognitive impairment and psychiatry symptoms negatively impact health-
related quality of life in cancer patients, they can also reduce survival rates.

© 2021 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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1. Introduction

1.1. Neuroendocrine tumors and carcinoid syndrome

Neuroendocrine tumors (NETs) constitute a relatively rare form of
neoplastic disease. Theymost commonly arise in hormone secreting tis-
sue of the gastrointestinal tract and in the lungs, where they form solid
malignant tumors [1]. The incidence and prevalence of NETs is increas-
ing, partly due to earlier detection and improved therapy, which pro-
long survival times. Between 1973 and 2012, a 6.4-fold age-adjusted
increase in their incidencewas observed (6.98 per 100,000 patients) [1].

NETs are typically associatedwith awell-differentiatedmorphology,
a low proliferation index, and an indolent behaviour. A peculiar charac-
teristic of NETs is their potential to synthesize and secrete a wide range
of metabolically active substances into the systemic circulation (e.g.
hormones and amines, such as bradykinins, tachykinins, prostaglandins,
and histamine) of which serotonin is themost prominent [2]. NETsmay
involve more than 15 different neuroendocrine cell types, each secret-
ing a different hormone, thereby leading to a wide spectrum of clinical
syndromes [3]. The diagnosis of these syndromes is established when
a specific combination of signs and symptoms matches the clinical pre-
sentation of a patient and confirmed once corresponding elevated hor-
mone levels are established [4]. Thus, according to the international
guidelines, NET can be classified as functioning or non-functioning [5].
The slow development of NETs usually means that survival is not lim-
ited by tumor burden, but instead by the complications elicited by the
high levels of specific hormones secreted.

Carcinoid syndrome (CS) is the clinical expression of serotonin-
producing NETs – the most common NET-associated ectopic hormonal
syndrome. In these patients, mostly serotonin, but also histamine and
the kinin peptides, enter the systemic circulation without being first
subjected to hepatic metabolism, thus determining the clinical manifes-
tations. In fact, the primary tumors leading to CS comprise those not
draining into the portal system and those involving hepatic metastasis,
thereby able to bypass hepatic metabolism. A highly sensitive and
specific (both exceeding 90%) test for CS involves a urine examination
for 5-hydroxyindoleacetic acid (5-HIAA) – the primary end-product of
serotonin metabolism [6].

Approximately 30% of NET patients (mainly thosewith their primary
origin in the small intestine, but also with pancreatic or bronchial NET)
present CS. The excessive production of serotonin by tumor cells in
these patients leads to a wide range of manifestations thatmay include:
secretory diarrhea (in about 70% of patients), flushing (in 90% of cases),
venous telangiectasia (in 25% of cases), abdominal pain, pellagra (in 5%),
bronchospasm (in about 15%), carcinoid crisis, and neuropsychological
symptoms [6]. Fibrosis is also considered a characteristic trait of CS:
chronic exposure to high levels of blood serotonin could also induce
fibrogenic responses in distant or local organs, potentially resulting in
mesenteric fibrosis and carcinoid heart disease (CHD) [7,8].
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The pathogenesis of CS has received much research attention over
the last few decades, and several important improvements have been
achieved regarding its management [9], chiefly through the implemen-
tation of multidisciplinary tumor board evaluations.

Long- acting somatostatin analogues (SSAs) inhibit serotonin secre-
tion and are the mainstay medical treatment for controlling symptom-
atic CS [10]. The high efficacy of SSA treatment has been corroborated
by several studies [11–14]. For instance, in the observational SymNET
study, 76% of NET-CS patients receiving a six-month treatment with
lanreotide reported being “completely” or “rather” satisfied regarding
the control of diarrhea, and 73% reported being “completely” or “rather”
satisfied with the control of flushing following treatment with
lanreotide formore than threemonths [15]. Despite the initial effective-
ness of SSAs as a treatment for CS, symptoms are frequently reported to
reoccur over the course of the disease [16].

The recent approval of telostristat (Xermelo®) by the US Food and
Drug Administration (FDA) and the European Commission and its in-
troduction into clinical practice has represented a significant advance-
ment in this setting. In fact, two phase III randomized clinical trials
have shown telotristat ethyl, a novel inhibitor of tryptophan hydroxy-
lase – the rate-limiting enzyme in serotonin biosynthesis – to be well
tolerated and highly effective in patients with refractory CS. The first
study, the TELESTAR trial, regarded CS patients for whom SSA therapy
was ineffective (defined as having ≥4 BMs per day while receiving
SSAs). It found telotristat ethyl treatment to cause a significant de-
crease in both u5-HIAA levels and the frequency of bowel movements
(BM) [17]. Similarly, TELECAST (an international, multicenter, ran-
domized, double-blind, placebo-controlled phase III, trial) assessed
the safety and efficacy of telotristat ethyl in patients with symptom-
atic CS who either had <4 BMs/day with concomitant SSA therapy
or were not receiving concomitant SSA therapy [18]. The key finding
of this study was the demonstration of a significant decreasing
in u5-HIAA from baseline in patients treated with telotristat ethyl,
compared to placebo.

Furthermore, peptide radioreceptor therapy (PRRT), implemented
using radio-labeled somatostatin analogues, has showed encouraging
results, both in controlling tumor growth and in keeping hormonal syn-
dromes under control [19,20].

Other medical approaches have been employed, such as liver-
directed therapies (radioembolization, chemoembolization/emboliza-
tion) [21–24], surgical debulking, and radiofrequency ablation [25],
providing some level of relief for the patients. Unfortunately, data
coming from randomized clinical trials are not available for these
therapeutic approaches.

Finally, in relation to life expectancy, thanks to hormonal secretion
controlling treatments, patients with well differentiated NET and CS
can now expect to live for several years with a median overall survival
time for all patients of 9.3 years (112 months), but their life could be
undermined by recurrent acute and chronic CS complications, thus



Fig. 1. Pathophysiology of serotoninergic brain depletion in carcinoid syndrome patients.
Carcinoid syndrome (CS) is themost frequent ectopic hormonal syndromes in serotonin-producingNETs. CS include awide range ofmanifestations, aswell as fibrotic complications. Brain
serotonin synthesis depends on availability of its precursor, the essential amino acid tryptophan, which in CS patients is consumed up to 60% for serotonin synthesis by tumor cells. As a
consequence, a serotoninergic brain depletion with an increased risk for developing a broad spectrum of psychiatric disorders should be carefully considered in NET patients with CS.
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with the potential to severely impact patients' quality of life (QOL) and
overall survival rate [26].
1.2. Pathophysiology of serotoninergic brain depletion in NET patients with
carcinoid syndrome

Serotonin, or 5-hydroxytryptamine (5-HT), a monoamine, is the key
neurotransmitter involved in several physiological functions. In the cen-
tral nervous system (CNS), it is synthesized in the serotoninergic neu-
rons of the raphe nuclei of the brainstem; in the peripheral nervous
system (PNS), on the other hand, where it primarily affects the digestive
tract, it is synthesized by specialized enteroendocrine cells in the gastro-
intestinal tract called enterochromaffin cells. In the CNS, serotonin plays
an essential role in the regulation of mood, sexual desire and activity,
anxiety, sleep, appetite, and body temperature.

Under physiological conditions, peripheral serotonin is unable to
cross the blood-brain barrier, thus cerebral serotonin synthesis depends
on the bioavailability of the essential amino acid tryptophan – its dietary
precursor [27]. The unbound portion of circulating tryptophan can ac-
cess theCNS and be converted into serotonin bymeans of enzymatic hy-
droxylation and decarboxylation [28]. In patients with NET and CS, the
body's metabolism of tryptophan is altered, with approx. 60% of all die-
tary tryptophan being consumed by the tumor cells for serotonin syn-
thesis [29]. Hence, when CS escapes diagnosis and is left untreated,
patients may suffer from a range of adverse events caused by trypto-
phan deficiencies, such as the development of pellagra, also triggered
by niacin (vitamin B3) deficiency, characterized by rough scaly skin, an-
gular stomatitis, and glossitis [30]. At the CNS level, the peripheral con-
sumption of tryptophan could bring about its depletion in the brain,
resulting in a serotonergic deficit (Fig. 1) with an increased risk for de-
veloping a broad spectrum of psychiatric problems, from mood disor-
ders (above all, depression and anxiety) to psychotic, eating or sexual
disorders [31,32]. Moreover, brain serotonin depletion might underlie
the plethora of cognitive impairments encountered in NET patients
with CS [33,34].

Serotonergic antidepressants, including selective serotonin reuptake
inhibitors (SSRIs), are the mainstay of depression treatment in cancer
patients. SSRIs inhibit the reuptake of serotonin by the presynaptic
3

terminal; the prolonged presence of serotonin in the synaptic cleft re-
sults in increased postsynaptic receptor activation, and therefore in al-
tered postsynaptic neurotransmission. However, other side-effects of
CS result from enhanced serotonergic activity at the level of the GI
tract, which bring about increasedGImotility [35]. The potential overlap
between SSRIs adverse effects and CS symptoms (above all diarrhea)
has led to the suggestion that serotonergic antidepressants could exac-
erbate CS and should be carefully administered in patients with NETs
[36]. Unfortunately, data concerning the indications and the safety of
SSRIs in NET patients are very limited.

1.2.1. The aims of this scoping review
The purpose of our exploratory project was to conduct a scoping re-

view to systematically map the available data on psychiatric symptoms
and disorders in NET patients with CS, with the aim of providing
evidence-based practical guidance on diagnosis and management of
this challenging disease.

Three areas of clinical utility were examined:

(i) Characteristics of psychiatric disturbances inNET disease: the ep-
idemiological and clinical features, and prognostic implications.

(ii) Diagnostics: instruments and psychiatric tools.
(iii) Therapeutics: safety and efficacy of psychiatric agents (i.e. sero-

toninergic antidepressants) in this population.

2. Materials and methods

All published data concerning diagnosis, surveillance, management,
and follow-up care of psychiatric symptoms and disorders in NET pa-
tients were retrieved by a systematic search of the biomedical literature
conducted using the following databases: PubMed, Embase, CINAHL
(EBSCO), PsycInfo (OVID), and Cochrane CENTRAL (Wiley). The data-
base search included articles published between January 1965 and Feb-
ruary 2021. Relevant journals, references in key articles, and other
appropriate documents and expert reports were also hand-searched
to supplement the electronic searches.

The overall search strategy consisted of three parts that were then
combined with Boolean operators. The first two parts were intended
to identify all citations regarding pharmacological anti-depressive
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agents, using first broader and then narrow subject headings and key-
word terms describing this class of drugs. In part two, we searched for
subject headings and keywords describing “mood disorders”, “anxiety”,
“depression”, “mania”, “impulse control disorders”, “psychosis”, “cogni-
tive impairment” combinedwith the Boolean operator AND to concepts
describing drug therapy in general. These two first search sets were
then combined as synonymous concepts for antidepressants using the
Boolean operator OR.

For the third part of the search strategy, subject headings and key-
word terms describing carcinoid tumors/syndrome were combined as
synonyms using the Boolean operator OR. In PubMed, CINAHL, and
Cochrane CENTRAL, the “carcinoid” concept search term string was ex-
panded to also include broader NET terms (i.e. “neuroendocrine tu-
mors” “neuroendocrine neoplasms”, “neuroendocrine tumors”,
“neuroendocrine carcinomas” and “carcinoid”). This third part of the
search strategy was then combined to the former two, using the Bool-
ean operator AND, in order to obtain a final set of citations that men-
tioned both the carcinoid and the anti-depressive agent concepts.

In all databases, controlled vocabularywas usedwhenever available,
with the exception of Cochrane CENTRAL, where only keywords were
used. We searched for articles in all available languages and with no
date or publication type restrictions. However, we selected only articles
in English. The PubMed and Embase search results were limited to
“Human” with the intent of excluding pre-clinical studies.

Two authors (APP and ALS) independently reviewed titles and ab-
stracts, excluding irrelevant articles and duplicates. Then they retrieved
the full texts for all remaining articles. Disagreements were resolved by
the two authors in an iterative process.

According to the scoping review design, a calibrated charting-form
was developed to collect all key information relevant to the review
questions. Two reviewers (APP and ALS) independently charted data
for each study and continuously update the data-charting form in an
iterative process.

3. Results

A total of 4236 studies identified from the literature review and the
undertaken pooled data analysis were screened; 101 were assessed for
eligibility on the basis of title and among them 54 were declined after
analysing the abstract. Of selected the 47 full-texts, 22 articles were
Table 1
Studies on psychiatric symptoms in NETs.

Reference Study design N o

Hanna SM, 1965 [48] Case report 1
Major LF, 1973 [37] Retrospective 22
Trivedi S, 1984 [49] Case report 1
Aoki A, 1997 [53] Case report 1
Larrsson G, 2001 [46] Prospective 24
Russo S, 2004 [47] Prospective 20
Kito S, 2005 [51] Case report 1
Simbera Z, 2005 [44] Case report 1
Furse RM, 2008 [36] Case report 1
Kohen I, 2008 [50] Case report 1
Pezzilli R, 2009 [41] Prospective 44
Chambers AJ, 2010 [33] Prospective 21
Pasieka JL, 2014 [34] Prospective 36
Nobels A, 2016 [45] Case report 1
Fröjd C, 2017 [42] Prospective, comparative 36

Goswami S, 2017 [43] Prospective, comparative 11
Shi DD, 2017 [54] Retrospective 52
Isenberg-Grzeda, 2018 [55] Retrospective 92
Adams J, 2018 [39] Prospective 12
Beesley VL, 2018 [40] Prospective 11
Hallet J, 2019 [38] Retrospective, observational cohort study 27
Boujan N, 2020 [52] Case report 1

Abbreviations: HRQoL:health-related quality of life, NA: not available.
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included (the details pertaining to the eligible studies are reported in
Table 1 and in Fig. 2). Among these 22 studies, 9 (40.9%) were prospec-
tive studies, 4 retrospective studies (18.1%) and 9 (40.9%) were case re-
ports (the different types of studies and the neuropsychological
symptoms are depicted in Fig. 3). The overall population size of the
studies came to 3319 patients. All patients presented a confirmed diag-
nosis of NET. The information about the presence of CSwas confirmed in
351 cases.

The psychiatric symptoms reported included mood disturbances
(e.g. depression and anxiety), psychoses, impulse control disorders,
and sleeping alterations. We also focused on the presence of cognitive
impairments. Finally, we collected the available data about the safety
of psychiatric drugs in this setting.

3.1. Mood and anxiety disorders

An outdated study reported a higher rate of depression in NET pa-
tients compared with a population of patients with different forms of
cancer (50% vs 15–20%) [37]. Higher levels of anxiety and depression
were detected in patients with gastrointestinal (GI) NETs with CS than
in those that did not involve serotonin-secreting tumors.

A recent retrospective, population-based, observational cohort
study, including 2721 NET patients, demonstrated moderate-to-severe
scores for anxiety (30%–40%). The proportion of moderate-to-severe
anxiety decreased by 10% within 6 months of diagnosis and then
remained stable over time [38].

A prospective, observational study, evaluated health-related quality
of life (HRQoL) and mood of 120 NET patients with CS. HRQoL, as mea-
sured by the PROMIS-29 questionnaire, found that patients had worse
scores if compared with the general population across all measured do-
mains. In fact, PROMIS questions revealed that depression anxiety and
insomnia were present in a significant percentage of the included pa-
tients (17.7%, 24.2% and 34.9%, respectively) [39].

Another prospective analysis of 111 NET patients was aimed to in-
vestigate anxiety and depression (HADS) prevalence in this population.
Overall, 30% of participants had anxiety and 20% had depression and
they had significantly lower physical and emotional well-being com-
pared to the general population [40].

A prospective study included 44 pancreatic NET patients and 46 age-
matched controls. Four questionnaires were administered to the
f patients Carcinoid syndrome Neuropsychological domain

N = 1 (100%) Psychosis
NA Depression
NA Psychosis
N = 0 (0%) Bipolar disorder
N = 20 (83%) Anxiety, depression
N = 20 (100%) Impulse control disorder, Depression
N = 0 (0%) Psychosis
N = 0 (0%) Anxiety, depression
N = 1 (100%) Depression
N = 1 (100%) Psychosis
N = 0 (0%) Depression
N = 21 (100%) Cognitive functions impairment
N = 36 (100%) Cognitive functions
N = 1 (100%) Anxiety, depression
NA HRQoL,

psychosocial functions
1 NA Anxiety, depression

N = 52 (100%) Depression
N = 16 (17%) Depression

0 N = 120 (100%) Anxiety, depression and insomnia
1 N = 62 (56%) Anxiety, depression
21 NA Anxiety

N = 0 (0%) Psychosis, bipolar disorder
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Fig. 3. Type of study and Neuropsychological domain.
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patients: 12 items General Health Questionnaire (GHQ-12) for nonpsy-
chotic psychiatric disorders, State Trait Anxiety Inventory (STAI) Y-1
and Y-2 for anxiety and BDI-II for depressive symptoms to explore the
psychological aspects of the disease. Notably, this study detected eight
patients (18.2%) withmoderate depression and 9 (20.5%) withmild de-
pression [41].

A prospective, case-control study including 36 NET patients showed
worse scores for depression (according to the HADS scale), anxiety, and
sleep quality than matched controls. In this study, 32 patients (89%)
5

presented depressive symptoms, which constituted the most prevalent
symptom of emotional distress [42].

Furthermore, a prospective analysis of 207 patients diagnosed with
the inherited Multiple endocrine type 1 (MEN-1) syndrome has been
carried out. MEN1-specific questionnaire and the PROMIS-29 were
utilized in this study, showing that Individuals with MEN-1 reported
statistically significantworse anxiety and depression, than general pop-
ulation (p < 0.001) [43].

Some case reports described severe depression and anxiety onset in
patients with NET [36,44,45]. 2 of the three cases resulted associated
with CS. In one case full recovery of the depressive episode was
achieved under treatmentwith daily escitalopram5mgwithout any in-
crease in diarrhea, nausea or flushing (which are the clinical manifesta-
tions of CS) [45].

Conversely, the results of another study failed to confirm higher
rates of psychiatric symptoms in NET patients, reporting relatively low
levels of depression (according to the HADS scale) [46]. Similarly, a
depressive symptomatology that consisted of only mild dysthymia
was reported in only 5 out of the 20 patients enrolled (15%) in another
study [47].

3.2. Impulse control disorders

A prospective study, which enrolled 20 patients with NET and CS,
demonstrated a high rate of decreased impulse control. Augmented ag-
gressive impulses causing disturbed social functioning due to verbal ag-
gression in social or job-related situations was reported in 75% of
patients (n=15; 8 males and 7 females), which strongly differentiated
them from the control group. This symptomatology reached Diagnostic
and Statistical Manual of Mental Disorders (DSM)-IV criteria, and the
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patients were diagnosed as having a personality change due to a medi-
cal disorder [47].
3.3. Psychoses

Psychotic symptomswere described in three case reports of patients
with CS. Two of the three cases considered were admitted because of
psychiatric symptoms in the absence of a known psychiatric history
[48–50]. Additionally, one case describes a MEN-1 patient, presenting
with psychotic episode, characterized by auditory and visual hallucina-
tions, delusions, and catatonia [51].

Two case reports of pancreatic NET patients with functioning tumor
with a hormonal syndrome different from CS (glucagonoma and
insulinoma, respectively) were reported to be associated to bipolar
disorder. The first case presented delusions of grandeur and persecu-
tion, in the context of bipolar affective disorder diagnosis [52]. The sec-
ond case presented agitation, stereotyped movements, and incoherent
and uncooperative behaviour. Notably, the treatment of the primary
tumor did not alleviate his psychiatric symptoms of manic-depressive
disorder [53].
3.4. Cognitive impairment

Besides the aforementioned studies on psychopathology presenta-
tions in patients with NETs, others have attempted to evaluate the asso-
ciation between CS and cognitive impairment. A sample of 21 patients
with proven CS was evaluated by analysing the results of the Multiple
Ability Self-Report Questionnaire (MASQ) and other cognitive tests,
and revealed the delayed recall of verbal memory and visual perceptual
impairment, whereas the immediate recall of verbal memory, visual
memory, language, and executive function all fell within physiological
ranges [33].

In a cross-sectional study involving 36 patients with CS, and 20 age/
sex/educational-matched healthy volunteers with non-neuroendocrine
cancer as controls. Greater cognitive dysfunctionwas reported in the CS
patients in relation to all cognitive domains: initiation, processing
speed, visual memory, cognitive efficiency, and delayed verbal recall
compared with controls. Marginally slower mental flexibility was ob-
served compared with the control cancer group [34]. In particular, pa-
tients with CS demonstrated lower capacities in initiation, processing
speed, visual memory, cognitive efficiency, and delayed verbal recall
compared with healthy volunteers. That said, patients with non-NET
cancer were also affected by cognitive dysfunctions compared with
the healthy population; CS patients performed significantly worse in
tests of delayed recall (P = 0.03), and were slightly slower in tests of
mental flexibility tests (P = 0.097) compared with patients with non-
NET cancer. Hence, the study showed that CS patients are characterized
by cognitive impairments that are distinct to those suffered by non-NET
cancer patients and the population at large.
3.5. Biomarkers

Only in one studywas a correlation between CSmarkers and psychi-
atric disorders reported. Russo and colleagues detected a negative cor-
relation between plasma tryptophan levels in CS patients and tumor
endocrine activity evaluated as 5-HIAA excretion in a 24h timewindow.
This result supports the notion that carcinoid tumors reduce plasma
tryptophan levels. The study did not find plasma tryptophan levels to
correlate with disturbances in impulse control. They suggested that
the lack of any correlation may be due to physiological fluctuations in
plasma tryptophan [47].

In another study, patients' scores for depression at 12months corre-
lated with plasma concentrations of chromogranin A (p < 0.05) [46].
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3.6. Safety of psychiatric treatments

Two retrospective studies have summarized the use of serotonergic
antidepressants inNETpatients [54,55]. In these reports, these therapies
appear safe in almost all NET patients irrespective of the presence CS.
However, the number of patients with adverse effects was so low that
a thorough appraisal of any potential demographic or clinical predictors
was not possible.

The first included 52 NET patients, all with CS, treated at Dana-
Farber/Brigham andWomen's Cancer Center receiving serotonergic an-
tidepressant therapy between 2003 and 2016 following CS diagnosis. In
the majority of the patients of this study, serotonergic therapies were
ascertained to be safe for the treatment of depressive and anxiety symp-
toms. Less than 10% of patients reported a mild exacerbation of certain
symptoms (flushing, diarrhea, and bloating) following therapy com-
mencement [54].

The second study included 92 well-differentiated NET patients pre-
scribed antidepressants from January 2008 through to April 2015.
Only 16 of the study patients presented carcinoid syndrome (17%).
The median time that those with CS received the therapy was 11.6
months (total range: 0–121 months) (n = 16) vs 14.3 months (total
range: 0–172) for those without CS (n = 76). The therapy was ceased
in 31 cases (33.7%), however, the reason was unspecified in most
cases (n = 18; 58%). None of the patients developed carcinoid syn-
drome while undertaking antidepressant therapy. No patients devel-
oped carcinoid crisis [55].

4. Discussion

In daily clinical practice, the neuropsychiatric alterations commonly
observed in NET patients, which include a wide variety of symptoms,
from slight irritability to anxiety, depression, psychosis and sleep disor-
ders, can lead to social dysfunctioning [42,56–59]. The hypothesis that
CS patients suffer serotonergic brain dysfunction due to the peripheral
over-consumption of the essential amino acid tryptophan iswidely sup-
ported. However, to date, only few prospective studies have investi-
gated the epidemiological and clinical features of the psychiatric
symptoms and disorders presented by NET patients with CS, and retro-
spective data are highly inconsistent.

The present review provides the most complete and detailed over-
view of the current state of knowledge on serotonergic brain dysfunc-
tion that afflicts a minority of NETs patients. The 22 studies analysed
provide an overall sample size of 3319 patients, all with a confirmed di-
agnosis of NET. The diagnosis of CS was confirmed in 351 cases,
representing only 10.5% of all the included patients. However, 351
cases of CS and psychiatric symptoms represents a relatively large num-
ber of cases considering the rarity of NETs and that CS accounts only for
a part of NET patients. Notably, the majority of the studies included in
our analysis had a prospective or retrospective design (59%).

Considering the main findings provided by the literature discussed
herein, more research attention needs to be devoted to the psychiatric
symptoms and psychological distresses of patients diagnosed with
NET, especially if accompanied by CS. Overall, the rate of neuropsychiat-
ric symptoms in patients with NET is significantly higher than in control
groups [37,43,47,60]. Indeed, in NET patients, the effects of circulating
serotonin secreted byNET cells combines synergisticallywith the exces-
sive allostatic load caused by the malignancy itself. In addition to the
classic physical symptoms of CS, psychiatric symptoms should be
taken into account, especially those related to adjustment disorder,
such as anxiety, depression, and sleep disruption. An increased appreci-
ation of the potential psychiatric symptoms of CS would render the on-
cologist more aware of the importance of referring the patient to the
psychiatrist for in-depth assessment and diagnostic processing, and
aid the identification of the most appropriate, patient-tailored thera-
peutic approach. For instance, to evaluate anxiety and depression symp-
toms in cancer patients, the psychiatrist should favour the use one of the
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scales indicated by liaison psychiatry, such as the Hospital Anxiety and
Depression Scale (HADS) [61], over other available assessment tools.
This scale is already widely used in oncology and is particularly suitable
for use in patients with physical comorbidities [62–65]. This scale could
also be used by the specialist to follow the patient's clinical progress
over time. Initiating a dialogue between the specialists involved is a pri-
ority for a more comprehensive and careful multidisciplinary approach
to neuroendocrine pathology, also bearing in mind drug interactions
and the management of side effects. Finally, an important finding is
that the most common antidepressant drugs appear to be safe and
free of any significant adverse outcomes in this particular clinical popu-
lation, as reported by a recent systematic review focused on psychiatric
therapy in NET patients [66].

However, an important limitation is also related to the high hetero-
geneity of the included studies (in terms of type of study, analysed pop-
ulation and measures used in the reported studies). Furthermore,
another limit of our review was the exclusion of non-English articles.

5. Conclusions

Currently, the recognition and themanagement of psychiatric symp-
toms in NET patients involves processes that are still being developed.
The epidemiology, the pathogenesis, and the clinical presentation of se-
rotoninergic brain dysfunction due to serotonin-secreting tumors are
still not well characterized, reflecting the lack of supporting literature.
The safety and efficacy of serotoninergic antidepressants seem to be ac-
ceptable, but further studies are required to investigate the predictive
value of socio-demographic, clinical and pharmacological variables for
possible side-effects. Moreover, the possibility remains that patients
with anxiety, depression, and sleep disorders due to CS might benefit
from other psychiatric drugs (e.g. atypical antipsychotics), even if
their efficacy and safety have not yet been fully assessed, other than in
individual case studies. Subsequently, psychiatric disorders among
NET patients remains a poorly recognized and scarcely studied topic; in-
deed, a standardized algorithm has yet to be put forward. According to
our main findings, an accurate psychiatric and cognitive evaluation
should be encouraged in NET patients, especially in those with CS,
since both cognitive impairment and psychiatry symptoms can signifi-
cantly influence health-related quality of life. Therefore, this key aspect
should be better evaluated in further studies to understand how the di-
agnosis, treatment, and follow-up of this population of patients could be
improved.

Funding

This research did not receive any specific grant from funding agen-
cies in the public, commercial, or not-for-profit sectors.

Author contributions

All authors contributed to the development of the publication and
maintained control over the final content. The authors did not receive
professional help with the preparation of the manuscript.

CRediT authorship contribution statement

La Salvia Anna: Conceptualization, Data curation, Formal analysis,
Supervision, Visualization, Writing - original draft, Writing - review &
editing. Portigliatti Pomeri Alberto: Conceptualization, Data curation,
Formal analysis, Methodology, Visualization, Writing - original draft,
Writing - review& editing. Persano Irene: Data curation, Methodology,
Project administration, Software, Visualization, Writing - original draft,
Writing - review & editing. Trevisi Elena: Data curation, Methodology,
Project administration, Software, Visualization, Writing - original draft,
Writing - review & editing. Parlagreco Elena: Data curation, Methodol-
ogy, Project administration, Software, Visualization, Writing - original
7

draft,Writing - review& editing. ColombiNicoletta: Data curation, For-
mal analysis, Methodology. Brizzi Maria Pia: Conceptualization, Formal
analysis, Supervision, Validation, Visualization, Writing - original draft,
Writing - review & editing. Picci Rocco Luigi: Formal analysis, Supervi-
sion, Writing - review & editing. Oliva Francesco: Formal analysis, Pro-
ject administration, Supervision, Validation, Visualization, Writing -
original draft, Writing - review & editing.

Declaration of Competing Interest

ALS, APP, IP, ET, EP, NC, MPB, RLP, FO have no conflicts of interest to
declare.

References

[1] Dasari A, Shen C, Halperin D, Zhao B, Zhou S, Xu Y, et al. Trends in the incidence,
prevalence, and survival outcomes in patients with neuroendocrine tumors in the
United States. JAMA Oncol. 2017;3(10):1335–42.

[2] Ito T, Lee L, Jensen RT. Carcinoid-syndrome: recent advances, current status and con-
troversies. Curr Opin Endocrinol Diabetes Obes. 2018;25(1):22–35.

[3] KiddM, Modlin IM, Bodei L, Drozdov I. 5Decoding themolecular andmutational am-
biguities of gastroenteropancreatic neuroendocrine neoplasm pathobiology. Cell
Mol Gastroenterol Hepatol. 2015:1131–53.

[4] Kaltsas GA, Besser GM, Grossman AB. The diagnosis andmedical management of ad-
vanced neuroendocrine tumors. Endocr Rev. 2004:25458–511.

[5] Pavel M, Öberg K, Falconi M, Krenning E, Sundin A, Perren A. Berruti a, on behalf of
the ESMO guidelines committee, Gastroenteropancreatic neuroendocrine neo-
plasms: ESMO clinical practice guidelines for diagnosis, treatment and follow-up.
Ann Oncol. 2020. https://doi.org/10.1016/j.annonc.2020.03.304.

[6] Rubin de Celis Ferrari AC, Glasberg J, Riechelmann RP. Carcinoid syndrome: update
on the pathophysiology and treatment. Clinics (Sao Paulo). 2018;73(Suppl. 1):
e490s.

[7] Davar J, Connolly HM, Caplin ME, et al. Diagnosing and managing carcinoid heart
disease in patients with neuroendocrine tumors: an expert statement. J Am Coll
Cardiol. 2017;69(10):1288–304.

[8] Modlin IM, Shapiro MD, Kidd M. Carcinoid tumors and fibrosis: an association with
no explanation. Am J Gastroenterol. 2004;99(12):2466–78.

[9] Kulke MH. Advances in the management of patients with carcinoid syndrome. Clin
Adv Hematol Oncol. 2017;15:257–9.

[10] Pavel M, O’Toole D, Costa F, et al. ENETS consensus guidelines update for the man-
agement of distant metastatic disease of intestinal, pancreatic, bronchial neuroendo-
crine neoplasms (NEN) and NEN of unknown primary site. Neuroendocrinology.
2016;103:172–85.

[11] Ruszniewski P, Ish-Shalom S, WymengaM, et al. Rapid and sustained relief from the
symptoms of carcinoid syndrome: results from an open 6-month study of the 28-
day prolonged-release formulation of lanreotide. Neuroendocrinology. 2004;80:
244–51.

[12] Bajetta E, Procopio G, Catena L, et al. Lanreotide autogel every 6 weeks compared
with Lanreotide microparticles every 3 weeks in patients with well differentiated
neuroendocrine tumors: a phase III study. Cancer. 2006;107:2474–81.

[13] Vinik AI, Wolin EM, Liyanage N, Gomez-Panzani E, Fisher GA, ELECT study group *.
Evaluation of lanreotide depot/autogel efficacy and safety as a carcinoid syndrome
treatment (ELECT): a randomized, double-blind, placebo-controlled trial. Endocr
Pract. 2016;22(9):1068–80.

[14] Fisher Jr GA, Wolin EM, Liyanage N, et al. Patient-reported symptom control of diar-
rhea and Flushing in patients with neuroendocrine tumors treated with Lanreotide
Depot/autogel: results from a randomized, placebo-controlled, double-blind and
32-week open-label study. Oncologist. 2018;23(1):16–24.

[15] Ruszniewski P, Valle JW, Lombard-Bohas C, et al. Patient-reported outcomes with
lanreotide autogel/Depot for carcinoid syndrome: an international observational
study. Dig Liver Dis. 2016;48:552–8.

[16] Boudreaux JP, Klimstra DS, Hassan MM,Woltering EA, Jensen RT, Goldsmith SJ, et al.
The NANETS consensus guideline for the diagnosis and management of neuroendo-
crine tumors: Well-differentiated neuroendocrine tumors of the jejunum, ileum, ap-
pendix, and cecum. Pancreas. 2010;39(6):753–66.

[17] Kulke MH, Horsch D, Caplin ME, et al. Telotristat ethyl, a tryptophan hydroxylase in-
hibitor for the treatment of carcinoid syndrome. J Clin Oncol. 2017;35:14–23.

[18] Pavel M, Gross DJ, Benavent M, et al. Telotristat ethyl in carcinoid syndrome: safety
and efficacy in the TELECAST phase 3 trial. Endocr Relat Cancer. 2018;25(3):309–22.
https://doi.org/10.1530/ERC-17-0455.

[19] Strosberg J, El-Haddad G, Wolin E, et al. Phase 3 trial of 177Lu-Dotatate for Midgut
neuroendocrine tumors. N Engl J Med. 2017;376(2):125–35.

[20] ZandeeWT, Brabander T, Blažević A, et al. Symptomatic and radiological response to
177Lu-DOTATATE for the treatment of functioning pancreatic neuroendocrine tu-
mors. J Clin Endocrinol Metab. 2019;104(4):1336–44.

[21] Dhir M, Shrestha R, Steel JL, et al. Initial treatment of Unresectable neuroendocrine
tumor liver metastases with Transarterial chemoembolization using Streptozotocin:
a 20-year experience. Ann Surg Oncol. 2017;24:450–9.

http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0005
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0005
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0005
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0010
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0010
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0015
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0015
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0015
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0020
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0020
https://doi.org/10.1016/j.annonc.2020.03.304
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0030
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0030
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0030
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0035
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0035
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0035
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0040
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0040
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0045
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0045
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0050
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0050
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0050
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0050
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0055
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0055
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0055
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0055
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0060
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0060
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0060
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0065
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0065
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0065
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0065
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0070
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0070
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0070
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0070
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0075
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0075
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0075
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0080
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0080
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0080
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0080
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0085
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0085
https://doi.org/10.1530/ERC-17-0455
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0095
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0095
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0100
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0100
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0100
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0100
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0105
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0105
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0105


A. La Salvia, A. Portigliatti Pomeri, I. Persano et al. Comprehensive Psychiatry 109 (2021) 152244
[22] Kennedy A, Bester L, Salem R, et al. Role of hepatic intra-arterial therapies in meta-
static neuroendocrine tumours (NET): guidelines from the NET-liver-metastases
consensus conference. HPB (Oxford). 2015;17:29–37.

[23] Yang TX, Chua TC, Morris DL. Radioembolization and chemoembolization for
unresectable neuroendocrine liver metastases - a systematic review. Surg Oncol.
2012;21:299–308.

[24] Pericleous M, Caplin ME, Tsochatzis E, et al. Hepatic artery embolization in advanced
neuroendocrine tumors: efficacy and long-term outcomes. Asia Pac J Clin Oncol.
2016;12:61–9.

[25] Howe JR, Cardona K, Fraker DL, et al. The surgical Management of Small Bowel Neu-
roendocrine Tumors: consensus guidelines of the north American neuroendocrine
tumor society. Pancreas. 2017;46:715–31.

[26] Pearman TP, Beaumont JL, Cella D, Neary MP, Yao J. Health-related quality of life in
patients with neuroendocrine tumors: an investigation of treatment type, disease
status, and symptom burden. Support Care Cancer. 2016;24(9):3695–703.

[27] Bender DA. Biochemistry of tryptophan in health and disease. Mol Aspects Med.
1983;6:101–97.

[28] Zhang X, Beaulieu JM, Sotnikova TD, Gainetdinov RR, Caron MG. Tryptophan
hydroxylase-2 controls brain serotonin synthesis. Science. 2004;305:217.

[29] Kvols LK. Metastatic carcinoid tumors and themalignant carcinoid syndrome. Ann N
Y Acad Sci. 1994;733:464–70.

[30] Bouma G, van Faassen M, Kats-Ugurlu G, de Vries EG, Kema IP, Walenkamp AM. Ni-
acin (vitamin B3) supplementation in patients with serotonin-producing neuroen-
docrine tumor. Neuroendocrinology. 2016;103(5):489–94.

[31] Murphy DL, Andrews AM,Wichems CH, Li Q, TohdaM, Greenberg B. Brain serotonin
neurotransmission: an overview and update with an emphasis on serotonin subsys-
tem heterogeneity, multiple receptors, interactionswith other neurotransmitter sys-
tems, and consequent implications for understanding the actions of serotonergic
drugs. J Clin Psychiatry. 1998;59(Suppl. 15):4–12.

[32] Murphy DL, Moya PR, Fox MA, Rubenstein LM, Wendland JR, Timpano KR. Anxiety
and affective disorder comorbidity related to serotonin and other neurotransmitter
systems: obsessive– compulsive disorder as an example of overlapping clinical and
genetic heterogeneity. Phil Trans R Soc. 2013;368(1615):20120435.

[33] Chambers AJ, Longman RS, Pasieka JL, Dixon E, Rorstad O, Rach-Longman K, et al. Im-
pairment of cognitive function reported by patients suffering from carcinoid syn-
drome. World J Surg. 2010;34(6):1356–60.

[34] Pasieka JL, et al. Cognitive impairment associated with carcinoid syndrome. Ann
Surg. 2014;259(2):355–9.

[35] Mehta RD, Roth AJ. Psychiatric considerations in the oncology setting. Cancer J Clin.
2015;65(4):300–14.

[36] Furse RM, Green CJ, Mee AS. Carcinoid syndrome unmasked by fluoxetine, a selec-
tive serotonin reuptake inhibitor. Clin Gastroenterol Hepatol. 2008;6:e27–8.

[37] Major LF, Brown GL, Wilson WP. Carcinoid and psychiatric symptoms. South Med J.
1973;66:787–90.

[38] Hallet J, Davis LE, Mahar AL, Law CHL, Isenberg-Grzeda E, Bubis LD, et al. Patterns of
symptoms burden in neuroendocrine tumors: a population-based analysis of pro-
spective patient-reported outcomes. Oncologist. 2019 Oct;24(10):1384–94.

[39] Adams JR, Ray D,Willmon R, Pulgar S, Dasari A. Living with neuroendocrine tumors:
assessment of quality of life through a Mobile application. JCO Clin Cancer Inform.
2019 Jul;3:1–10.

[40] Beesley VL, Burge M, Dumbrava M, Callum J, Neale RE, Wyld DK. Perceptions of care
and patient-reported outcomes in people living with neuroendocrine tumours. Sup-
port Care Cancer. 2018 Sep;26(9):3153–61.

[41] Pezzilli R, Campana D, Morselli-Labate AM, Fabbri MC, Brocchi E, Tomassetti P.
Patient-reported outcomes in subjects with neuroendocrine tumors of the pancreas.
World J Gastroenterol. 2009 Oct 28;15(40):5067–73.

[42] Frojd C, Larsson G, Lampic C, von Essen L. Health related quality of life and psycho-
social function among patients with carcinoid tumours. A longitudinal, prospective,
and comparative study. Health Qual Life Outcomes. 2007;5:18.

[43] Goswami S, Peipert BJ, Helenowski I, Yount SE, Sturgeon C. Disease and treatment
factors associated with lower quality of life scores in adults with multiple endocrine
neoplasia type I. Surgery. 2017 Dec;162(6):1270–7.
8

[44] Simbera Z, Balon R. Carcinoid tumor, selective serotonin reuptake inhibitors, and di-
arrhea. Psychosomatics. 2005 Jan-Feb;46(1):88–9.

[45] Nobels A, Geboes K, Lemmens GM. May depressed and anxious patients with carci-
noid syndrome benefit from treatment with selective serotonin reuptake inhibitors
(SSRIs)?: findings from a case report. Acta Oncol. 2016 Nov;55(11):1370–2.

[46] Larrson G, Sjoden PO, Öberg K, Eriksson B, von Essen L. Health-related quality of life,
anxiety and depression in patients with midgut carcinoid tumors. Acta Oncol. 2001;
40:825–31.

[47] Russo S, Boon JC, Kema IP, et al. Patients with carcinoid syndrome exhibit symptoms
of aggressive impulse dysregulation. Psychosom Med. 2004;66:422–5.

[48] Hanna SM. Carcinoid syndrome associated with psychosis. J Postgrad Med. 1965:
41566–7.

[49] Trivedi S. Psychiatric symptoms in carcinoid syndrome. J IndianMed Assoc. 1984;82:
292–4.

[50] Kohen I, Arbouet S. Neuroendocrine carcinoid cancer associated with psychosis. Psy-
chiatry (Edgmont). 2008;5(6):29–30.

[51] Kito S, Nakajima T, Yamadera H, Koga Y, Kosugi S, Hai N. Multiple endocrine neopla-
sia type 1 presenting as psychosis. Am J Psychiatry. 2005 Apr;162(4):810–1.

[52] Boujan N, Géraud C. Neuropsychiatric symptoms, skin disease, and weight loss:
necrolytic migratory erythema and a glucagonoma. Lancet. 2020;395(10228):985.

[53] Aoki A, Tsukada T, Yasuda H, Kayashima S, Nagase T, Ito T, et al. Multiple endocrine
neoplasia type 1 presented with manic-depressive disorder: a case report with an
identified MEN1 gene mutation. Jpn J Clin Oncol. 1997 Dec;27(6):419–22.

[54] Shi DD, Yuppa DP, Dutton T, et al. Retrospective review of serotonergic medication
tolerability in patients with neuroendocrine tumors with biochemically proven car-
cinoid syndrome. Cancer. 2017;123(14):2735–42.

[55] Isenberg-Grzeda E, MacGregor M, Bergel A, et al. Antidepressants appear safe in pa-
tients with carcinoid tumor: results of a retrospective review. Eur J Surg Oncol. 2018;
44(6):744–9.

[56] Piselli M. Comorbility between anxiety and depression in patients with carcinoid tu-
mors. Riv Psichiatr. 2013;48(4):301–6.

[57] Larrson G, Sjoden PO, Oberg K, von Essen L. Importance-satisfaction discrepancies
are associated with health-related quality of life in five-year survivors of endocrine
gastrointestinal tumors. Ann Oncol. 1999;10:1321–7.

[58] Harris B, Ross J, Sanchez-Reilly S. Sleeping in the arms of cancer: a review of sleeping
disorders among patients with cancer. Cancer J. 2014;20(5):299–305.

[59] Howell D, Oliver TK, Keller-Olaman S, Davidson JR, Garland S, Samuels C, et al. Sleep
disturbance in adults with cancer: a systematic review of evidence for best practices
in assessment and management for clinical practice. Ann Oncol. 2014;25(4):
791–800.

[60] Soliday EG, Garofalo J, Smith S, et al. Depression and antidepressant use in gastroin-
testinal carcinoid cancer patients. Journal of Applied Biobehavioral Research. 2004;9
(2):80–90.

[61] Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr
Scand. 1983;67(6):361–70.

[62] Esser P, Hartung TJ, Friedrich M, Johansen C, Wittchen HU, Faller H, et al. The gener-
alized anxiety disorder screener (GAD-7) and the anxietymodule of the hospital and
depression scale (HADS-A) as screening tools for generalized anxiety disorder
among cancer patients. Psychooncology. 2018;27(6):1509–16.

[63] Villoria E, Lara L. Assessment of the hospital anxiety and depression scale for cancer
patients. Rev Med Chil. 2018;146(3):300–7.

[64] Miljanović M, Sindik J, Milunović V, Škoc VK, Braš M, Đorđević V. Factor structure
and cut-off scores of the hospital anxiety and depression scale (HADS) in a
Croatian sample of adult patients suffering from advanced cancer. Psychiatr
Danub. 2017;29(4):451–8.

[65] Bjelland I, Dahl AA, Haug TT, Neckelmann D. The validity of the hospital anxiety and
depression scale. An updated literature review. J Psychosom Res. 2002;52(2):69–77.

[66] Isenberg-Grzeda E, MacGregor M, Matsoukas K, Chow N, Reidy-Lagunes D, Alici Y.
Must antidepressants be avoided in patients with neuroendocrine tumors? Results
of a systematic review. Palliat Support Care. 2020;10:1–7.

http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0110
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0110
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0110
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0115
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0115
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0115
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0120
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0120
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0120
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0125
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0125
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0125
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0130
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0130
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0130
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0135
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0135
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0140
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0140
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0145
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0145
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0150
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0150
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0150
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0155
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0155
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0155
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0155
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0155
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0160
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0160
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0160
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0160
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0165
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0165
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0165
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0170
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0170
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0175
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0175
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0180
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0180
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0185
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0185
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0190
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0190
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0190
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0195
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0195
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0195
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0200
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0200
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0200
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0205
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0205
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0205
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0210
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0210
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0210
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0215
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0215
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0215
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0220
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0220
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0225
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0225
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0225
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0230
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0230
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0230
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0235
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0235
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0240
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0240
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0245
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0245
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0250
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0250
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0255
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0255
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0260
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0260
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0265
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0265
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0265
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0270
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0270
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0270
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0275
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0275
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0275
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0280
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0280
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0285
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0285
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0285
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0290
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0290
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0295
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0295
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0295
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0295
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0300
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0300
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0300
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0305
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0305
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0310
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0310
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0310
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0310
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0315
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0315
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0320
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0320
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0320
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0320
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0325
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0325
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0330
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0330
http://refhub.elsevier.com/S0010-440X(21)00022-5/rf0330

	Serotoninergic brain dysfunction in neuroendocrine tumor patients: A scoping review
	1. Introduction
	1.1. Neuroendocrine tumors and carcinoid syndrome
	1.2. Pathophysiology of serotoninergic brain depletion in NET patients with carcinoid syndrome
	1.2.1. The aims of this scoping review


	2. Materials and methods
	3. Results
	3.1. Mood and anxiety disorders
	3.2. Impulse control disorders
	3.3. Psychoses
	3.4. Cognitive impairment
	3.5. Biomarkers
	3.6. Safety of psychiatric treatments

	4. Discussion
	5. Conclusions
	Funding
	Author contributions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	References




