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Carcinoid tumors:
What should increase our suspicion?

. ABSTRACT C ARCINOID TUMORS, ALSO KNOWN as gastro-

Carcinoid tumors are neuroendocrine neoplasms, primar-
ily of the gastrointestinal tract. Their incidence has been
increasing over the last 2 to 3 decades. Patients often
present with vague, nonspecific symptoms. Thus, primary
care physicians should keep this diagnosis in mind and
start appropriate diagnostic testing if they suspect it on
a clinical basis. Patients with carcinoid tumors are also at
increased risk of developing other malignancies, so close
follow-up by their primary care physician is necessary.

B KEY POINTS

Bioactive compounds secreted by carcinoid tumors cause
carcinoid syndrome—ie, bronchospasm, diarrhea, cuta-
neous flushing, and right-sided valvular heart lesions.

Endocardial fibrotic plaques can occur in patients with
carcinoid tumors. The right side of the heart is affected
more often than the left, as the left side is protected by
inactivation of the bioactive compounds in the lungs. Tri-
cuspid valve regurgitation is the most common finding.

Since carcinoid tumors have high concentrations of
somatostatin receptors, octreotide scanning offers a
distinct advantage in imaging them: use of radiolabeled
octreotide, a somatostatin analogue, enables imaging of
primary tumors and metastases.
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enteropancreatic neuroendocrine tumors,
are neoplasms of neuroendocrine origin. Tra-
ditionally considered slow-growing, they are
now known to vary in their aggressiveness.
Many patients with carcinoid tumors have no
symptoms or present with symptoms that have
broad differential diagnoses. Unless the prima-
ry care physician suspects that the patient has
a carcinoid tumor, the appropriate testing is
seldom ordered. In addition, these patients are
at higher risk of developing other cancers of
the genitourinary, gastrointestinal, and respi-
ratory tracts; this makes close follow-up, espe-
cially by the primary care provider, extremely
important.

This article reviews the epidemiology,
pathogenesis, clinical features, management,
and prognosis of carcinoid tumors. A better
knowledge of these tumors among physicians
will facilitate recognition, early diagnosis, and
improved outcomes for these patients.

B INCIDENCE IS INCREASING

The overall incidence of carcinoid tumors has
increased over the last 30 years, due at least
in part to improvements in ways to diagnose
them."? The incidence over the last decade
has been between 2.47 and 4.48 per 100,000
population, depending on race and sex, with
the highest rates in black men.!?

The small intestine is the most frequent lo-
cation, followed by the lungs/bronchi, rectum,
appendix, and stomach’; 67.5% of carcinoid
tumors occur somewhere in the gastrointesti-
nal system.

The cause of carcinoid tumors is unknown,
but genetic factors may play a role, since these
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TABLE 1

Differential diagnosis of the classic
symptoms of carcinoid syndrome

Diarrhea

Gastroenteritis

Infectious colitis
Inflammatory bowel disease
Laxative abuse

Bronchospasm
Anaphylaxis
Asthma

Foreign body
Pulmonary edema

Flushing
Alcohol
Drugs (eg, niacin, nitrates)
Foods
Spicy foods
Scombroid poisoning from tuna and mackerel
Additives such as nitrites (in cured meats) and sulfites (in frozen
vegetables and milk products)
Mastocytosis (systemic)
Medullary cancer of the thyroid
Menopause
Renal cell carcinoma
VIPoma (pancreatic endocrine tumor that secretes vasoactive
intestinal polypeptide)
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tumors often occur as part of genetic disorders
such as multiple endocrine neoplasia type 1,
von Hippel-Lindau disease, and neurofibro-
matosis type 1.17

I SEROTONERGIC EFFECTS
DEPEND ON LOCATION

Carcinoid tumors are classified on the basis of

their embryologic origin:

e Foregut (lungs, bronchi, stomach)

* Midgut (small intestine, appendix, proxi-
mal large bowel)

e Hindgut (distal large bowel, rectum).
Tumors from each of these origins differ

clinically, biochemically, and histologically.
Carcinoid tumors secrete several bioactive

compounds, including serotonin and bradyki-

nin, and the secretory pattern varies depend-

ing on the location of the tumor. Most foregut

carcinoid tumors secrete low levels of sero-

tonin, being deficient in the enzyme needed
to convert 5-hydroxytryptophan to serotonin.
Midgut tumors secrete high levels of serotonin,
whereas most hindgut tumors do not secrete
5-hydroxytryptophan or serotonin. These dif-
ferences in secretory patterns are responsible
for the different clinical manifestations and
biochemical characteristics of these tumors.

Carcinoid syndrome

The systemic effects of the bioactive com-
pounds secreted by carcinoid tumors are re-
sponsible for carcinoid syndrome, which has
features that can include bronchospasm (pos-
sibly mediated by serotonin or bradykinin),
diarrhea (likely mediated by serotonin), cu-
taneous flushing (which has multiple possible
mediators), and right-sided valvular heart le-
sions (possibly mediated by serotonin).?* How-
ever, the secretory products of midgut carci-
noids are normally inactivated by enzymes in
the liver before they enter the systemic circu-
lation. Thus, patients with midgut carcinoid
tumors develop the carcinoid syndrome only
if they have hepatic metastases.*

In contrast, patients with foregut (bron-
chial and extraintestinal) carcinoids can pres-
ent with carcinoid syndrome without hepatic
metastases, since their secretory products nor-
mally bypass the liver and enter the systemic
circulation directly.

Hindgut tumors seldom produce this syn-
drome, since they do not secrete these prod-
ucts.

Fibrosis
Another effect of carcinoid tumors is desmo-
plasia, or fibrosis.

The pathogenesis of this phenomenon is
poorly understood. Serotonin was thought to
mediate this effect, but serotonin antagonists
are ineffective in treating it, casting doubt on
this hypothesis.>* More recently, growth fac-
tors such as transforming growth factor beta,
platelet-derived growth factor, and basic fibro-
blast growth factor have been implicated.*

B SYMPTOMS ARE OFTEN ABSENT
OR NONSPECIFIC

Carcinoid tumors are often clinically silent.
Signs and symptoms, when present, represent
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local effects of the tumor, tumor-induced fi-
brosis, biological effects of secreted products,
or metastases.

When symptomatic, carcinoid tumors can
mimic a variety of more common conditions
(taBLe 1). For this reason, the average delay be-
tween symptom onset and diagnosis exceeds 9
years.”® Still, one should consider these other
causes before pursuing an evaluation for carci-
noid tumor.

Local effects can include abdominal pain,
intestinal obstruction, appendicitis, rectal
bleeding, and peptic ulcer disease, depending
on the site of the tumor. Intestinal obstruc-
tion can be caused by intussusception, by the
intraluminal effects of the tumor, or by adhe-
sions due to tumor-induced fibrosis.’

Tumor-induced fibrosis can be retroperi-
toneal and have a myriad of manifestations,
for example?”:

e Hydronephrosis from ureteral obstruction

® Mesenteric ischemia from vascular trap-
ping

® Peyronie disease (an acquired fibrosis of
the penis that produces bending or pain of
the erect penis).

Classic carcinoid syndrome, caused by the
entry of bioactive compounds secreted by the
tumor into the systemic circulation, occurs
in fewer than 10% of patients with carcinoid
tumors.”® Most patients who present with this
syndrome have a midgut carcinoid tumor.

The hallmark is cutaneous flushing, which
typically affects the face, neck, and upper body
and lasts from 30 seconds to 30 minutes. This
reaction can be unprovoked, but it is often
precipitated by foods (eg, bananas, tomatoes,
eggplant, kiwi, pineapple, cheese), by alcohol
consumption, by exercise, by emotional stim-
uli, or by anesthesia.*® Other symptoms of this
syndrome include bronchospasm, secretory di-
arrhea, and venous telangiectasia.

Carcinoid syndrome variants, caused by
differences in secretory products, are seen in
some patients with bronchial and gastric car-
cinoid tumors. Patients with gastric carcinoid
variants have flushing that is pruritic and well
demarcated, and they have an increased inci-
dence of peptic ulcer. In contrast, flushing in
patients with bronchial carcinoid variants can
last days and is often associated with changes
in mental status.?’
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Carcinoid heart disease refers to endocar-
dial fibrotic plaques that occur in patients with
carcinoid tumors, especially those with he-
patic metastases. The right side of the heart is
generally affected, as the left side is protected
by inactivation of the bioactive compounds in
the lungs. Tricuspid valve regurgitation is the
most common finding, but tricuspid stenosis,
pulmonary valve regurgitation, and pulmo-
nary valve stenosis can also occur.!® Left-sided
lesions can occur in patients with pulmonary
metastases.

Hypoalbuminemia and pellagra. The ami-
no acid tryptophan is a precursor of serotonin
and niacin (vitamin B;). In patients with
widely metastatic carcinoid tumors, increased
conversion of tryptophan to serotonin by the
tumor cells can lead to tryptophan deficiency
and niacin deficiency.!” These manifest as hy-
poalbuminemia and pellagra (glossitis, scaly
skin, and confusion).

M IF YOU DON'T THINK ABOUT THEM,
YOU WON'T LOOK FOR THEM

Many carcinoid tumors are discovered inciden-
tally during surgery or diagnostic procedures.
However, an evaluation for a carcinoid tumor
is often prompted by symptoms that suggest
the carcinoid syndrome. Of importance, since
these symptoms can often be erroneously at-
tributed to other, more common causes (TABLE
1), a very high level of suspicion is required on
the part of the primary care physician to initi-
ate the evaluation for carcinoid tumors.

When evaluating a patient who presents
with flushing, the clinician should obtain a
detailed history, noting the pattern of flush-
ing, precipitating factors, duration, and associ-
ated symptoms, such as diarrhea and broncho-
spasm.!!

Often, patient recall can be improved by
asking the patient to keep a symptom diary.
If the diary does not offer any clues to the
diagnosis, a trial of abstinence from foods
and drugs that increase urinary 5-hydroxyin-
doleacetic acid (5-HIAA) should be attempt-
ed. If the flushing resolves, the foods and drugs
can be reintroduced one at a time to identify
the culprit.!! However, if symptoms persist, a
more extensive workup should be undertaken,
including screening for carcinoid tumor.
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TABLE 2

Foods and drugs that can
interfere with the urinary
5-hydroxyindoleacetic acid test

CAN CAUSE FALSELY HIGH RESULTS

Foods

Avocado

Bananas

Eggplant

Kiwi fruit

Nuts (hickory nuts, pecans, walnuts)
Pineapple

Plums

Tomato products

Drugs

Acetaminophen (Tylenol)
Antihistamines (nasal drops and sprays)
Antihypertensives
Antipsychotics

Caffeine

Cough suppressants
Diazepam (Valium)
Muscle relaxants
Nicotine

Warfarin (Coumadin)

CAN CAUSE FALSELY LOW RESULTS

Alcohol
Aspirin
Antidepressants (imipramine, monoamine
oxidase inhibitors)
Herbal products:
Diadzin (active compound in kudzu, a Chinese
herbal treatment for alcohol abuse)
St. John's wort

Biochemical assays
Biochemical screening for carcinoid tumors
is performed using an assay for bioamines se-
creted by the tumor.

Plasma chromogranin A is the preferred
screening test because it is very sensitive!;
however, it is not very specific. Several con-
ditions (including essential hypertension,
proton pump inhibitor use, chronic atrophic
gastritis, heart failure, renal failure, and pheo-
chromocytoma) can be associated with elevat-
ed levels of chromogranin A. Its specificity for
diagnosing carcinoid tumors can be increased
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to about 84% by raising the cut-off value to
31 or 32 U/L. Its specificity can be increased
to 95% by using 84 to 87 U/L as the cut-off
value, but this comes at the cost of diminish-
ing its sensitivity (from 75% to about 55%)."
Significantly elevated levels of chromogranin
A (> 5,000 U/L) independently predict a poor
prognosis.!’

5-HIAA, a renally excreted product of
serotonin metabolism, is a useful alternative
when screening for carcinoid tumors. Measure-
ment of urinary excretion of 5-HIAA requires
24-hour urine collection; importantly, start-
ing at least 3 days before the urine collection
begins and throughout the 24-hour collection
period, patients must avoid ingesting foods,
beverages, and drugs that elevate or suppress
urinary excretion of 5-HIAA (tasLe 2).!2

Urinary 5-HIAA levels also vary depend-
ing on the origin of the carcinoid tumor and
are therefore useful in locating the site of the
tumor. Foregut tumors lack the decarboxylase
enzyme necessary to convert 5-hydroxytrypto-
phan to serotonin, resulting in minimal to no
elevation in urinary 5-HIAA levels. Midgut
tumors secrete serotonin, resulting in high lev-
els of urinary 5-HIAA. Hindgut tumors secrete
neither 5-hydroxytryptophan nor serotonin
and thus do not raise urinary 5-HIAA levels.

Other less sensitive markers include bra-
dykinin, human chorionic gonadotropin, and
neuropeptide PP.1*

Provocative tests

Provocative tests such as the pentagastrin test
can be considered if other screening test re-
sults are equivocal.'? Such testing must occur
in a closely monitored, controlled environ-
ment, with intravenous somatostatin avail-
able in case of a “carcinoid crisis” (see discus-
sion further below).

Patients with equivocal results from bio-
chemical assays or provocative testing should
be followed annually without further testing or
evaluated for other causes of their symptoms.
If the results of biochemical or provocative
testing are abnormal, the tumor topography
should be identified with an imaging study.

Imaging tests
Topographic localization of carcinoid tumors
is done using various imaging tests, depending
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General treatment algorithm for carcinoid tumors

Surgical resection

No metastases

Follow-up

Hepatic metastases

Carcinoid syndrome present?

Systemic metastases

Treat with somatostatin analogue,
interferon alfa, chemotherapy

v

No

Treat metastases:

Resection

Hepatic artery embolization
Interferon alfa
Chemotherapy
Radio-frequency ablation

y

Yes

Treat metastases and carcinoid syndrome:
Somatostatin analogue

Interferon alfa

Chemotherapy

FIGURE 1.

on the suspected site of the primary tumor.®
Somatostatin receptor scintigraphy, the

preferred imaging test, is based on the prin-

ciple that some carcinoid tumors have high

concentrations of somatostatin receptors.

Thus, a radiolabeled form of octreotide, a so-

matostatin analogue, is used to image these

primary tumors and metastases.

Other imaging studies:

Barium studies

Computed tomography

Endoscopy

Endoscopic ultrasonography.

On imaging studies, in general, the tumor

may appear as a smooth submucosal mass, as a

target lesion (if it ulcerates), as wall-thicken-

ing, or as a cystic or calcified mass.®

B MANAGEMENT IS MULTIDISCIPLINARY

Any patient with a carcinoid tumor should be
referred to a medical and surgical oncologist
once the diagnosis is established. Referral to
additional specialists, such as a gastroenterol-
ogist or an interventional radiologist, is based
on the location and extent of disease.

Surgery is the cornerstone of therapy
Patients with limited disease may need only
surgical resection, but those with more exten-
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sive disease require additional management
based on the presence and location of metas-
tases (FIGURE 1)."°

Drug therapy

Somatostatin analogues such as octreotide
(Sandostatin) and lanreotide (Somatuline)
are useful for treating carcinoid syndrome!
and also have a role in treating systemic me-
tastases. These agents are effective in control-
ling flushing and diarrhea in 70% to 80% of
patients.!” There are data, albeit limited, sup-
porting a role for these agents in inhibiting
tumor growth.'”® They are the treatment of
choice for carcinoid crisis (see discussion be-
low). Important adverse effects include nau-
sea, cramps, diarrhea; cholelithiasis; hypogly-
cemia or hyperglycemia; cardiac arrhythmias;
and gastric atony.!®

Interferon alfa is useful as an additive
therapy when symptoms of carcinoid syn-
drome do not resolve with a somatostatin ana-
logue alone. The addition of interferon alfa
in these patients is useful for both symptom
control (seen in 40% to 50% of those treat-
ed) and tumor stabilization (in 20% to 40%
of those treated).!® However, it is still unclear
whether combination drug therapy is more ef-
fective than a somatostatin analogue alone as
the initial therapy for carcinoid syndrome.?
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Adverse effects of interferon alfa include my-
elosuppression, depression, flu-like symptoms,
and thyroid disturbances.

Supportive therapies

In patients with hepatic metastases who are
not candidates for surgery, hepatic artery em-
bolization with chemotherapy or particles
can be used as palliative therapy. Severe ad-
verse effects of this procedure include renal
failure, hepatic failure, carcinoid crisis, and
hepatic abscess and are seen in about 10% of
patients.!

Conventional chemotherapy and molecu-
larly targeted therapy are used for patients
with rapidly progressive and widely metastatic
disease. The precise role and efficacy of these
therapies need further study.

Other supportive therapies for patients with
carcinoid disease include dietary supplementa-
tion with vitamin B;, bronchodilators for bron-
chospasm, antidiarrheals, diuretics, and valve
replacement for carcinoid heart disease.

B LONG-TERM PROGNOSIS
IS GENERALLY GOOD

The prognosis for patients with carcinoid tu-
mors depends on the location and extent of
disease. Tumors of the appendix and rectum
have the best prognosis, with 5-year survival
rates approaching 100% for localized carci-
noid tumors of the appendix.**! In contrast,
tumors of the small bowel, especially the il-
eum, are more aggressive and have the worst

prognosis (a 5-year survival rate of about 60%
to 65%).%!

I COMPLICATIONS

Other primary malignancies
Carcinoid tumors are often associated with
the development of other tumors, not always
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