Rev Port Endocrinol Diabetes Metab. 2022;17(3-4) 125

SPEDM

de Endocrinologia, Diabetes € Metabolismo

Revista Portuguesa

www.spedmjournal.com

Artigo Revisao

Carcinoid Syndrome: A Review

@ CrossMark

Diana Borges Duarte “*, Raquel G. Martins °

“Servigo de Endocrinologia, Diabetes e Metabolismo, Centro Hospitalar e Universitario do Porto, Porto, Portugal
" Servigo de Endocrinologia, Instituto Portugués de Oncologia de Coimbra, Coimbra, Portugal

INFORMACAO SOBRE O ARTIGO

Historial do artigo:

Received/ Recebido: 2022-06-30
Accepted/Aceite: 2022-08-18
Publicado / Published: 2023-01-18

© Autor (es) (ou seu (s) empregador (es)) e
Revista SPEDM 2022. Reutilizagdo permitida
de acordo com CC BY-NC. Nenhuma
reutilizagdo comercial.

© Author(s) (or their employer(s)) and SPEDM
Journal 2022. Re-use permitted under CC BY-NC.
No commercial re-use.

Keywords:

Malignant Carcinoid Syndrome/diagnosis;
Malignant Carcinoid Syndrome/drug therapy;
Malignant Carcinoid Syndrome/physiopathology;
Neuroendocrine Tumors/complications.

Palavras-chave:

Sindrome do Carcinoide Maligno/diangéstico;
Sindrome do Carcinoide Maligno/fisiopatologia;
Sindrome do Carcinoide Maligno/tratamento
farmacologico;

Tumores Neuroenddcrinos/complicagdes.

" Autor Correspondente / Corresponding Author.

ABSTRACT

Carcinoid syndrome (CS) is a debilitating disease caused by the production of a variety of bio-
logically active substances by functional neuroendocrine neoplasms (NENs). While the reported
frequency of CS among NEN patients has been inconsistent, the negative impact on patient quality
of life is clearly established.

The cardinal presenting features of CS are flushing, diarrhoea, abdominal pain and valvular heart
disease; other signs and symptoms can include wheezing, telangiectasias, pellagra, and the compli-
cations of mesenteric fibrosis, including bowel obstruction and ischemia. These symptoms are medi-
ated by the release of serotonin, histamine, kallikrein, prostaglandins and tachykinins.

There have been advances in many aspects of the carcinoid-syndrome all of which are reviewed in
this article, including new methods to establish diagnosis, an increased understanding of natural his-
tory and pathogenesis and important new approaches to its treatment.

Sindrome Carcinoide: Revisao

RESUMO

A sindrome carcindide (SC) ¢ uma doenca debilitante causada pela produgdo de multiplas substan-
cias bioldgicas ativas por neoplasias neuroendocrinas (NENs). Apesar da variabilidade na frequéncia
reportada, o impacto negativo na qualidade de vida dos pacientes com NENs esta bem estabelecido.
A apresentagdo classica da SC inclui o flushing, a diarreia, a dor abdominal e a doenga valvular
cardiaca; outros sinais e sintomas incluem o broncoespasmo, telangiectasias, pelagra e as complica-
¢oes da fibrose mesentérica como obstrugao e isquemia intestinal. Estes sintomas sao mediados pela
libertagdo de serotonina, histamina, calicreina, prostaglandinas e taquicininas.

A sindrome carcindide tem sido alvo de varios avangos, incluindo novos métodos de diagnostico,
um aperfeigoamento na compreensao da sua historia natural e patogénese, e novas abordagens tera-
péuticas, que serdo abordados neste artigo.
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1. Introduction

Carcinoid syndrome (CS) is a debilitating disease caused by
the production of a variety of biologically active substances by
functional neuroendocrine neoplasms (NEN).! The classical ex-
ample of a hormonal syndrome, CS was first described in 1931.2
Recently, the frequency of CS was assessed in a Surveillance,
Epidemiology, and End Results (SEER) database in the USA; the
authors have reported an increasing incidence of carcinoid syn-
drome between 2000 and 2011 and, among the 9512 patients diag-
nosed with NEN over this period, symptoms of CS were reported
in 18.8%." While the reported frequency of CS among NEN pa-
tients has been inconsistent, the negative impact on patient quality
of life(QoL) is clearly established.**

2. Pathophysiology

Neuroendocrine neoplasms may secrete numerous active sub-
stances that are potential mediators of the clinical features of CS;
the most prominent being 5-hydroxytryptamine (5-HT, serotonin),
commonly used to assess for the presence of CS by determining
the serotonin-metabolite, 5-hydroxy-indole acetic acid (5-HIAA),
in the urine.” Due to the absence of the aromatic amino acid de-
carboxylase, that converts 5-hydroxytryptophan (5-HTP) to 5-HT,
foregut NEN secrete 5-HTP instead of 5-HT (see atypical carci-
noid syndrome).” Other co-secreted peptide hormones and amines
include tachykinins (substance P and neurokinin A), bradykinins,
histamine and prostaglandins.’

Serotonin is considered the main mediator of diarrhoea in
CS, due to its effects on gut motility and secretion,®!' and a main
driver of fibrotic complications such as retroperitoneal, mesen-
teric and cardiac valvular fibrosis in carcinoid heart disease.'**
On the other hand, bronchial constriction is predominantly me-
diated by tachykinins and bradykinins that cause constriction of
smooth muscle in the respiratory tract and local oedema in the
airways.'*"® Although the cutaneous flushing pathophysiology is
not well established yet, several vasodilators, such as tachykin-
ins, bradykinins, prostaglandins, and histamine are thought to be
involved.'®!15:16

Carcinoid syndrome occurs when sufficient amount of tumour-
released bioactive products reaches the systemic circulation, escap-
ing the first pass inactivation in the liver."'* Carcinoid syndrome is
thus predominantly encountered in patients with midgut NENs with
liver metastases, in which these bioactive products escape inactiva-
tion in the liver."” Ovarian NENs and large retroperitoneal metas-
tases from midgut NENs are associated with CS in the absence of
liver metastases as bioactive amines are released directly into the
systemic circulation, bypassing hepatic inactivation.'’ The inactiva-
tion of the bioactive tumour products also occurs in the pulmonary
circulation; the predominance of right-sided plaque-like thicken-
ings of endocardium, valves, atria and ventricles in carcinoid heart
disease supports this mechanism and differential exposure.”'*'> The
exception, with both left and right-sided heart-valves involvement,
is seen in bronchial NENs or in right-to-left shunt.”!*'?

3. Clinical features

The cardinal presenting features of the CS are flushing, secre-
tory diarrhoea, abdominal pain and valvular heart disease'*; nev-
ertheless, a typical patient with CS may also present with telan-
giectasia, valvular heart disease, intermittent bronchial wheezing,
and pellagra.”!”

3.1 Flushing

Flushing is a subjective sensation of warmth that is accompanied
by reddening of the skin anywhere on the body but favours the face,
neck, and upper torso.'® Flushing in CS may occur spontaneously
or be triggered by stress (physical and emotional), alcohol, drugs
(pentagastrin, catecholamines, dopamine, isoproterenol), exercise
or tyramine-containing-foods like chocolate, bananas, cheese, red
wine or walnuts.'*'*!” Four types of flushing are distinguished: ery-
thematous, violaceous, prolonged and bright red."

The first type is the sudden, short-lived (1 to 5 minutes) and
diffuse erythematous flush, usually affecting the face, neck, and
upper chest; it is associated to early-stage midgut NENs.'*!”7

The second type is the violaceous flush; it affects the same
area of the body and has approximately the same time course as
the erythematous flush. Additionally, patients may also have fa-
cial telangiectasias and may not report the flushing as they have
become accustomed.”” This kind of flush occurs during the later
stages of midgut NENs. "

The third type is prolonged flushing, lasting from a couple of
hours to several days; it may involve the whole body and it is
sometimes associated with profuse lacrimation, swelling of the
salivary gland, hypotension, and facial oedema; this type of flush-
ing is usually associated with malignant bronchial NENs and is
thought to be 5-HTP and/or histamine-induced.'”"

The fourth type is a bright red, patchy flush seen in patients
with chronic atrophic gastritis and gastric enterochromaffin cell
hyperplasia; these symptoms are associated with an increased re-
lease of histamine.'""”

The differential diagnosis of flushing includes both physi-
ologic (such as menopause) and pathologic causes from non-neu-
roendocrine disorders (POEMS syndrome, central hypogonadism,
orthostatic hypotension, panic attacks) to other neuroendocrine
entities (medullary thyroid carcinoma, pheochromocytoma and
paraganglioma, endogenous Cushing’s syndrome).'®"”

3.2 Diarrhoea

The diarrhoea is typically secretory and intermittent, often asso-
ciated with abdominal cramping which may result from mesenteric
fibrosis.!”"” Malabsorption features can develop from intestinal re-
sections, lymphangiectasia, secondary to mesenteric fibrosis, from
bacterial overgrowth, intestinal blockage by the primary tumour
or rapid intestinal transit. Additionally, increased secretion by the
small bowel associated with accelerated transit can overwhelm the
normal storage and absorptive capacity of proximal colon.!”"”

In a study of patients with CS, transit time in the small bowel and
colon was significantly decreased when compared to normal subjects;
the volume of the ascending colon was smaller, and the postprandial
colonic tone increased.”’ Overall, although initially a secretory one,
diarrhoea can develop malabsorption features and associate altera-
tions in gut motor function.'”** Nevertheless, determining the under-
lying cause of diarrhoea can be challenging as patients with NENs
may experience uncontrolled diarrhoea due to surgical complications
or treatment with somatostatin analogues; pancreatic exocrine insuf-
ficiency, inflammatory bowel disease, irritable bowel syndrome, lac-
tose intolerance or celiac disease are other etiologies to consider.”

3.3 Carcinoid heart disease (Hedinger’s syndrome)

Carcinoid heart disease (CHD) is a severe complication of CS
characterized by the development of plaque-like fibrous endocardial
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thickening that affects primarily the right-sided valves.'>!”” It is as-
sociated with increased morbidity and mortality, leading to progres-
sive dysfunction of the cardiac valves and ultimately to congestive
heart failure.'” Echocardiography can demonstrate lesions in about
60%-80% of CS patients although it is clinically significant in a
much smaller percentage.'>!”'? Prevalence of CHD has decreased to
approximately 20%, probably due to earlier CS diagnosis and initia-
tion of antitumour treatment such as somatostatin analogues.'*'"'%>?

There is often an asymptomatic period; in symptomatic pa-
tients, dyspnoea and fatigue are the most encountered symptoms.'?
Patients with >3 episodes of flushing per day and those who have
significantly higher levels of urinary 5-HIAA (see diagnosis) are
at increased risk of developing CHD; this latter biomarker has
been shown to be an independent predictor for the development
and progression of CHD. 217192224

3.4 Other clinical features

Bronchial constriction with wheezing may be present, particularly
during a carcinoid crisis.!”"” Fibrotic complications other than CHD
may occur, such as intra-abdominal fibrosis (that can lead to intestinal
adhesions and bowel obstruction), retroperitoneal fibrosis (that may
result in obstruction of the ureter with kidney function impairment), oc-
clusion of the mesenteric arteries and veins, Peyronie’s disease and car-
cinoid arthropathy.'”"” Other rare features of CS result from diversion
of dietary tryptophan for synthesis of serotonin which may develop pel-
lagra (skin rashes, glossitis, stomatitis, dementia/mental confusion) and
reduced protein synthesis with hypoalbuminemia and myopathy.'”"

3.5 Carcinoid crisis

Carcinoid crisis is a severe and potentially life-threatening ex-
acerbation of hormonal symptoms of the CS, due to the release of
large amounts of amines in the circulation.!” Hypotension, rarely
hypertension, tachycardia, arrhythmias, hyperthermia, bronchocon-
striction, severe flushing and central nervous system dysfunction
dominate the clinical presentation.!”** Carcinoid crisis can occur
spontaneously or be precipitated by anaesthesia, infection, chemo-
therapy or interventional procedures (surgery, embolization proce-
dures, peptide receptor radionuclide therapy).'”'**2¢ Concerning
anaesthesia, drugs that stimulate the sympathetic nervous system
or cause histamine release, such as morphine and d-tubocurarine
should be avoided; propofol has a more profound effect in supress-
ing catecholamine release and may the best agent in patients with CS
as long as hypotension is avoided.” Intravenous octreotide might be
used in combination with volume expanders to correct hypotension;
the latter can also have a role in the treatment of bronchospasm
as f-receptor agonist and theophylline may precipitate mediator re-
lease; corticosteroids (dexamethasone) may also be used.”

The presence of a high tumour load, CHD, high urinary 5-HIAA
values or high chromogranin A levels are risk factors for the devel-
opment of carcinoid crisis.” Peri-operative carcinoid crisis prophy-
laxis with somatostatin analogues is advised (see treatment).”

3.6 Atypical carcinoid syndrome

An atypical carcinoid syndrome may be encountered in pa-
tients with tumours originating from the foregut including mostly
the lung, but also the stomach and duodenum.'** Patients with the
atypical carcinoid syndrome have a decarboxylation deficit and
therefore only seldom have excess urinary excretion of the sero-
tonin metabolite 5-HIAA."”* The syndrome consists of patchy,

intensely red flush, sweating, itching, sometimes also cutaneous
oedema, bronchoconstriction, salivary gland swelling, lacrima-
tion, and cardiovascular instability mainly manifested as hypoten-
sion and it is due to the release of both histamine and serotonin.'**
Like typical carcinoid syndrome patients, in the presence of an
atypical carcinoid syndrome, the patients should be treated with
somatostatin analogues and a combination of histamine-1(H1)
and histamine-2(H2) receptor blockers as prophylaxis treatment
of carcinoid crisis before, during and after high-risk procedures.”

3.7 Refractory carcinoid syndrome

Refractory carcinoid syndrome (RCS) is defined by recurring or
persisting CS symptoms and increasing or persistently high urinary
5-HIAA levels despite the use of maximum label doses of SSA.”’
RCS may be divided into either non-aggressive or aggressive, based
on symptoms burden ( <4 or > bowel movements per day, and/or <
or > 5 flushing episodes per day, respectively) together with disease
stability (stable or progressive), hepatic burden (< or > 50% liver
involvement) and/or the presence of carcinoid heart disease.”’

4. Diagnosis

The presence of CS is considered when a patient has sugges-
tive symptoms.”'” The most frequent initial diagnostic method is
assessment of 5-HIAA levels.’

4.1 Biochemical diagnosis

The preferred initial diagnostic test for CS is to measure 24-hour
urinary excretion of 5-HIAA; various foods and drugs (Table 1) can

Table 1. Factors that interfere with urinary 5-HIAA measurement [adapted from'”]

Factors that produce false-positive results

Foods Drugs

Avocado Acetaminophen

Banana Acetanilide

Chocolate Caffeine

Coffee Fluorouracil

Eggplant Guaifenesin

Pecan L-Dopa

Pineapple Melphalan

Plum Mephenesin

Tea Metamphetamine

Walnuts Methocarbamol
Methydergide maleate
Phenmetrazine
Reserpine
Salicylates

Factors that produce false-negative results

Foods Drugs

None Corticotropin
p-Chlorophenylalanine
Chlorpromazine
Heparin
Isoniazid

Methenamine mandelate
Methyldopa

Monoamine oxidase inhibitors
Phenothiazine

Promethazine
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interfere with the measurement and patients should avoid them for
two to three days prior to urine collection.”'*?® Normal rate of urinary
5-HIAA excretion is <10 mg/day; elevated levels are usually found
but foregut NENs tend to produce an atypical CS with normal or
only slightly elevated 5-HIAA." Measurement of 5-HIAA levels in
all patients with small intestinal NENs is recommended because few
patients may display high 5-HIAA levels in the absence of a clinical
syndrome.”

Recently, a serum 5-HIAA measurement method has been de-
veloped with close correlation with urinary 5-HIAA; the absence
of food interference and the ability to assess S-HIAA levels with a
single determination are the main advantages.” %!

4.2 Diagnosis of carcinoid heart disease

Transthoracic echocardiography is the gold-standard for the
diagnosis and monitoring of carcinoid heart disease and several
echocardiographic scoring systems were developed; cardiac mag-
netic resonance imaging (MRI) may have a complementary role in
the diagnosis.'”*> N-terminal pro-B type natrituretic peptide (NT-
proBNP) is the most appropriate marker with both diagnostic and
prognostic value for heart diseases; in patients with CS the cut-off
value in CHD screening is 260 pg/mL( (31 pmol/L).*> Another
useful marker in the assessment of CHD is 5-HIAA; a 24-hour uri-
nary 5-HIAA >300 mmol/L helps identify subjects with increased
risk of CHD development.*

5. Treatment

The treatment of choice for a patient who has a localized NEN
is usually surgery with curative intent; systemic treatment options
to control tumour growth and hormone hypersecretion and to im-
prove patient’s quality of life are used in metastatic NEN.?’

5.1 Nutrition, lifestyle, and symptomatic treatment

Regular screening of nutritional status is required.** Trypto-
phan is the common precursor of serotonin and niacin (vitamin
B3); in CS, as most niacin is metabolized to serotonin, niacin
deficiency is common and can result in pellagra.** Supplementa-
tion with high-doses of niacin (50-500 mg/day) or niacin-enriched
food may be required.** Additionally, deficiencies of fat-soluble
vitamins, which may occasionally follow treatment with somato-
statin analogues, should be sought and supplemented.*

For flushing, lifestyle adjustments include alcohol eviction
as well as avoiding spicy foods and strenuous exercise.* Lopera-
mide (doses up to 16 mg daily) can be used in refractory cases of
diarrhoea.™

5.2 Pharmacologic treatment
Somatostatin analogues (SSAs)

Somatostatin is a peptide hormone that inhibits the secretion
of a broad range of hormones by binding to somatostatin recep-
tors which are expressed on the majority of NENs.** Somatostatin
analogues targeting predominantly somatostatin receptor subtype
2, octreotide and lanreotide, are the standard initial treatment for
CS for its anti-secretory and antiproliferative effects in NEN pa-
tients.! In a recent meta-analysis of studies with SSA in CS pa-
tients, octreotide induced a response of overall symptoms in 66%,
of diarrhoea in 65% and of flushes in 72% of subjects; while lanre-
otide experienced similar responses rates of 65%, 65% and 69%,

respectively.! Overall, control of the most relevant CS symptoms
with doses of octreotide long acting-release (LAR) 20-30 mg or
lanreotide autogel 90 to 120 mg every 4 weeks was obtained in
66%-70% of patients." Biochemical response of 5-HIAA levels
occurred in 45%-46% of CS patients.'

Despite the clear efficacy of SSAs, loss of response can occur
after prolonged use. Downregulation of somatostatin receptors on
tumour cell surface has been hypothesized to underlie tachyphy-
laxis.! Escalation of dose or frequency (to 21 days) of a SSA may
be necessary for patients with refractory symptoms; these strate-
gies result in a reduction of diarrhoea and flushes in 72% and 84%
of the patients, respectively. However, 5-HIAA reduction was
achieved in only 29%.' An alternative strategy, switching either
octreotide or lanreotide to pasireotide, a SSA that targets soma-
tostatin receptor subtypes 1-3 and 5, led to symptomatic response
in 27% of patients.’” However, a randomized phase III study of
pasireotide LAR versus high-dose (40 mg) octreotide LAR in pa-
tients with advanced gastroenteropancreatic NENs failed to show
superiority of pasireotide LAR in comparison with first-genera-
tion SSAs at maximum approved doses.*® SSA treatment was as-
sociated with higher health-related quality of life (HR-QoL).**

Telotristat ethyl

Telotristat ethyl is a serotonin synthesis inhibitor, acting by
inhibiting tryptophan hydroxylase, the rate-limiting enzyme in the
production of serotonin from tryptophan.'® On the TELESTAR tri-
al, a three-arm study evaluating two doses of oral telotristat ethyl
(250 and 500 mg, each taken three times daily) against placebo,
conducted in patients with CS with uncontrolled diarrhoea (> 4
bowel movements daily) treated with SSA, the drug was associ-
ated with a significant reduction in bowel movement frequency
and 5-HIAA levels.”’ Long-term improvement in HR-QoL was
also reported.”** The drug was well tolerated and is approved in
combination with a SSA for the treatment of adults with CS-asso-
ciated diarrhoea inadequately controlled with SSA monotherapy;
the recommended dose is 250 mg three times daily."!

Interferon alpha

Interferon-o (IFN-a) exerts a direct effect on tumour cells by
blocking cell division and reducing angiogenesis.*® Additionally,
IFN-a produces upregulation of somatostatin receptors, suggest-
ing a synergistic effect.*

The recommended dose of INF-a is 3-9MU subcutaneously
every other day; slow-release formulation is given subcutaneous-
ly once a week (80-100 mg).* In several single-arm prospective
series, the reported response rates of INF monotherapy varied be-
tween 0%-90% and 50%-80% for clinical and biochemical control,
respectively.' Patients with CS who have not responded to octreo-
tide or IFN-a alone may be given a combination of both agents;
such combinations have generated symptomatic control in 70% of
patients and stabilization of tumour growth in 40% to 50% of pa-
tients.'” Low tolerability of the drug due do its side effects (flu-like
symptoms, chronic fatigue, liver and bone marrow toxicity, autoim-
mune reactions) limits its use to few experienced centers."’

Liver-directed therapies
Liver-directed therapies have been reported to be effective in

controlling CS symptoms in SSAs resistant patients with disease
limited to the liver; these include radiofrequency ablation, trans-
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arterial chemoembolization/trans-arterial embolization, radioem-
bolization or selective internal radiation therapy with 90y yttrium-
labeled microspheres and hepatic-segment resection.'

Data on outcomes of liver-directed therapies is scarce; in most
of the studies clinical response is described without further quan-
tification, but overall reported clinical and biochemical response
rates are high.! Most of the studies concerned treatments with em-
bolization; when all embolization techniques were combined, re-
sponse rates are 82% and 63% for overall symptoms and 5-HIAA
levels, respectively.! The efficacy does not appear to be influenced
by previous use of SSAs.'

Peptide receptor radionuclide therapy (PRRT)

The NETTER-1 study, conducted on patients with progressive
metastatic midgut NENs to receive '”’Lu-DOTATE plus octreotide
30 mg LAR every four weeks vs high-dose octreotide (60 mg eve-
ry four weeks), demonstrated improvement in clinically relevant
symptoms such as diarrhoea and health-related quality of life with
no significant change found on flushing.*’*

PRRT is usually well-tolerated with self-limiting acute side
effects of nausea and vomiting; the potential exacerbation of hor-
monal syndromes leading to carcinoid crisis during/after PRRT al-
though rare must be acknowledged.* The most serious long-term
toxicity associated with PRRT is irreversible myelotoxicity and
therapy-related myeloid neoplasms.*

Everolimus

A mechanistic target of rapamycin (mTOR) inhibitor, everoli-
mus, proved its effectiveness in progression-free survival in non-
functional lung or gastrointestinal NENs (RADIANT-4).°! In an-
other trial in patients with carcinoid syndrome (RADIANT-2), the
combination of octreotide LAR 30 mg q28d with everolimus 10
mg daily was associated with a slight but significant improvement
in 5-HIAA (61% vs 54% in octreotide LAR monotherapy), al-
though no difference in the overall survival was noted and symp-
tom control was not assessed.’” Of note, everolimus side-effects,
which include diarrhoea, may be challenging in CS patients.>

5.3 Treatment and prophylaxis of carcinoid crisis

Patients with CS are at risk of developing a carcinoid crisis
during high-risk procedures (see above). Periprocedure prophy-
lactic treatment of choice is intravenous octreotide at a starting
dose of 50-100 pg/h with dose escalation until symptom control
is obtained (mean dose of 100-200 pg/h).”> Most experts initiate
treatment at least 12 hours before the procedure and continue at
least 48 hours after, as late-onset events have been described.”
Patients pre-treated with SSAs may require even higher doses of
intravenous octreotide.”

Patients with atypical carcinoid syndrome should be treated
with prophylactic octreotide but may require higher doses (100-
200 pg/h) and sometimes saline infusion. Combination treatment
with H1 receptor blockers (loratadine), H2 blockers (ranitidine)
and dexamethasone is recommended in severe cases to further
block histamine release.”

Concerning anaesthesia, drugs that stimulate the sympathetic
nervous symptoms or cause histamine release such as morphine
and d-tubocurarine should be avoided; for anaesthesia induction,
propofol may be the best agent as it has a more profound effect in
supressing catecholamines release.”” Only nondepolarizing neu-

romuscular blockers that do not cause histamine release should
be used, vecuronium and rocuronium can be safely used. Dur-
ing maintenance of anaesthesia, attention should be paid to avoid
right ventricular overload and strain to prevent right ventricular
failure.”® Hypotension is the most common problem during an-
aesthesia, and, in this case, sympathomimetic drugs should be
avoided as they may worsen hypotension by triggering peptides
release.” Hypotension tends to occur during manipulation of large
bulky metastases; procedure should be stopped until hemody-
namic control is restored and intravenous octreotide in association
with volume expanders can be used.”

5.4 Treatment of carcinoid heart disease

The main challenge in CHD management rises from the ne-
cessity to simultaneously address the tumour burden (and 5-HT
secretion), the CS symptoms, and the heart failure.

Antiproliferative and antisecretory therapy

Considering the crucial role of 5-HT in the cascade of events
leading to the development of CHD, it is pivotal to control seroto-
nin production from the tumour."

Considering medical therapy, long-acting SSAs, octreotide
and lanreotide (with association of telotristat ethyl if needed),
have shown substantial reductions in serotonin production and
antiproliferative effect (see above).”’

Peptide receptor radionuclide therapy with ”"Lu-DOTATATE
is an effective antiproliferative therapy in progressive disease re-
fractory to first line SSAs; a particular concern with this therapy is
volume overload in patients with heart failure due to the nephro-
protective amino acid infusion as part of the PRRT protocol.”” A
prolonged infusion might be considered®; a recent report of nine
CHD patients treated with PRRT showed no acute cardiac com-
plications in association with PRRT.* However, patients with un-
controlled congestive heart failure [New York Heart Association
(NYHA) class II-IV were not eligible for treatment with '""Lu-
DOTATTE treatment in NETTER-1 study.* Current ENETS
guidelines consider severe cardiac impairment ( NYHA class III
or I'V) an absolute contraindication.>

Non-cardiac interventions

Transcatheter arterial embolization (TAE) is an efficient meth-
od in decreasing tumour burden and hormone levels in individuals
with substantial metastases in the liver.”” However, it must be used
with caution in patients with severe CHD and right ventricular
dysfunction and/or high hepatic tumour burden due to potential
adverse effects such as bleeding or liver failure.”” It is recom-
mended that TAE should be exploited in the early disease stages
before cardiac insufficiency occurs and should be used with cau-
tion (embolization procedures can be staged, and different liver
segments may be embolized in repetitive small sessions) when
carcinoid heart disease is present.”” Complete portal vein occlu-
sion, poor performance status and hepatic insufficiency are con-
sidered relative contraindications.”’

Surgical hepatic debulking decreases CHD progression and
improves prognosis®®; similar to TAE, debulking surgery should
be performed with caution and its recommended for patients with
advanced valve disease after heart valve replacement.”
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Pharmacotherapy for heart failure

Medical management consists of relieving symptoms of
right-sided heart failure with a combination of loop and thiazide
diuretic agents, as well as aldosterone antagonist therapy.”’ How-
ever, these measures should be used judiciously, as depletion of
intravascular volume can further reduce cardiac output, leading to
fatigue and breathlessness.’” Other treatments, including digoxin,
vasodilators, and angiotensin-converting enzyme inhibitors, can
be considered, but they have no proven efficacy in this popula-
tion.**%’

Heart valve replacement

Heart valve replacement is the most effective treatment op-
tion for advanced carcinoid heart disease.”® The optimal timing of
surgery in relation to the severity of valve dysfunction and symp-
toms has not been identified; a recommended indication for valve
replacement is right ventricular dysfunction (symptomatic or evi-
dence in echocardiography) with at least 12 months of anticipated
post-operative survival from their NEN.?’ A trend towards earlier
intervention, including patients with metastatic NENs prior to any
primary-tumour debulking surgery or liver-directed therapies, has
been observed.””*® The choice of valve prosthesis should be indi-
vidually tailored based on the patient’s bleeding risk and possible
future therapeutic interventions. Biological valve prostheses are
the preferred option.”” Prophylactic treatment for carcinoid crisis
must be implemented in the peri-procedure period.”

6. Conclusion

In the last years there have been many advances in the man-
agement of NENs and its functional syndromes such as the more
frequent, carcinoid syndrome. There is a strengthened awareness of
its pathogenesis, its epidemiology and increasing frequency; new
methods to establish its diagnosis and new approaches to its treat-
ment, namely for patients with carcinoid syndrome refractory to
somatostatin analogues. Carcinoid heart disease, a significant cause
of morbidity and mortality in patients with carcinoid syndrome, has
seen new non-surgical therapeutic advances with the potential to
prevent its development or to slow its progression which has signifi-
cantly improved the prognosis of these individuals.

The presence of the endocrinologist in the multidisciplinary
care team is essential for the management of these neoplasms, as
many functioning tumours may be underdiagnosed in non-spe-
cialized centers.
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