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Small Bowel Conditions: Carcinoid
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Refer to Algorithm in Fig. 76.1

A. Gastrointestinal  carcinoids  were  first

described by Lubarsch in 1888 and in 1907
Oberndorfer coined the term Karzinoide to
indicate the carcinoma-like appearance and
presumed lack of malignant potential.
Carcinoids can occur anywhere along the
gastrointestinal tract (GI) and are generally
classified according to their embryological
origin as foregut (6%); [thymus, bronchopul-
monary, stomach, duodenum, and pancreas],
midgut (62%); [small intestine, appendix,
and the right colon], and hindgut carcinoids
(30%); [distal colon and the rectum]
(Table 76.1). Thirty-five percent of all carci-
noids arise in the appendix which is the most
common location followed by the small
bowel where 23% of tumors are located
within 2 ft of the ileocecal valve, and the rec-
tum which harbors the remaining 20% of all
GI carcinoids. Approximately 25% of patients
with foregut and midgut carcinoids will
develop a synchronous tumor, usually adeno-
carcinoma of the large bowel, while hindgut
carcinoids rarely concur with synchronous
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tumors. Carcinoid neoplasms can occur as
part of inherited neoplastic syndromes such
as neurofibromatosis or multiple endocrine
neoplasia type I (10%) although the majority
occur sporadically.

. Small bowel carcinoids commonly present as

the lead point in bowel obstruction or with
chronic mesenteric ischemia from carcinoid-
induced idiopathic mesenteric and retroperi-
toneal fibrosis that progressively encases and
obstructs arterial inflow. They are typical
multicentric, located in the terminal ileum,
and most will present with lymph node or
liver metastasis despite their relatively small
size (less than 0.5 cm), as tumor size has been
shown to correlate poorly with distant spread.
Appendiceal carcinoids can present with
abdominal pain, bowel obstruction, or as an
incidental finding on pathological review fol-
lowing appendectomy. They are rarely multi-
centric, 95% are less than 2 cm in size and
75% are located in the distal third of the
appendix. Tumor size is the strongest predic-
tor of distant metastasis, with smaller tumors
(<2 cm) less likely to metastasize to regional
lymph nodes than larger tumors (>2 cm),
which are more likely to present with metas-
tasis. Hindgut carcinoids including colonic
and rectal tumors, are non-secretory tumors
and almost always asymptomatic with 50%
diagnosed incidentally on pathological
review of polypectomy specimens following
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Fig. 76.1 Algorithm showing management of small bowel carcinoids
Table 76.1 Features and characteristics of carcinoid tumors based on embryological origin
Characteristics Foregut Midgut Hindgut
Location Thymus, bronchus, stomach, | Jejunum, ileum, appendix Colon, rectum

duodenum and pancreas

Proportion relative to all
carcinoids

6%

62%

7%

Clinical features

Bleeding, carcinoid

Bowel obstruction,

Incidental, obstructive

syndrome appendicitis, carcinoid symptoms, tenesmus,
syndrome bleeding
Secretion
Tumor 5-HT Low High None
Urinary 5-HIAA High High Normal
Carcinoid syndrome + + -
Other endocrine secretions | + + -

5-HT; 5-hydroxytryptamine or serotonin
5-HIAA; 5-hydroxyindoleacetic acid

routine colonoscopy. Occasionally, larger
tumors will present with obstructive symp-
toms, tenesmus and rectal bleeding. Physical
examination is typically unremarkable,
though a general physical examination should
be performed to look for concomitant pathol-
ogy, adenopathy or comorbid conditions.
Similar to appendiceal carcinoids, tumor size
correlates with the risk of distant metastasis,

where tumors <1 cm have a 5% or less chance
to metastasize (Table 76.1).

. Carcinoid syndrome has been the hallmark

of carcinoid neoplasms, however, only 20%
of patients with local disease and 50% of
patients with advanced disease actually
develop this syndrome. Carcinoid syndrome
is usually caused by both high levels of bio-
logically active compounds secreted by the
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tumors into the systemic circulation causing
episodic symptoms, including serotonin,
hydroxytryptophan, prostaglandins, hista-
mine, and bradykinin, as well as by the pro-
pensity of these tumors to metastasize to the
liver, hindering the liver ability to degrade
these biological active compounds into inac-
tive by-products. Midgut carcinoids are most
commonly associated with carcinoid syn-
drome as midgut tumors tend to produce
high levels of serotonin. Foregut carcinoids,
on the other hand, lack the enzyme required
to convert chemical precursors such as
5-hydroxytryptophan into serotonin, so it is
uncommon for them to result in carcinoid
syndrome. Hindgut carcinoids are usually
non-functional and rarely produce serotonin
or the enzymes necessary to produce sero-
tonin, and hence rarely produce the carcinoid
syndrome, even when they metastasize to the
liver. Symptoms of carcinoid syndrome
include abdominal pain, non-bloody diar-
rhea, flushing, sweating and valvular heart
disease (pulmonary stenosis, tricuspid insuf-
ficiency, and tricuspid stenosis) (Table 76.2).
Carcinoid crisis is a life-threatening condi-
tion characterized by severe abdominal pain,
flushing, hypotension, or hypertension. It can
be precipitated by stress such as anesthesia
and surgery. In the setting of a carcinoid cri-
sis, symptoms are usually managed with

Table 76.2 Clinical symptoms of carcinoid syndrome

Symptom Causative tumor product
Flushing Bradykinin
Hydroxytryptophan
Prostaglandins
Telangiectasia Vasoactive intestinal
polypeptide
Serotonin
Prostaglandins
Bradykinin
Bronchospasm Bradykinin
Histamine
Prostaglandins
Endocardial fibrosis Serotonin
Glucose intolerance Serotonin
Arthropathy Serotonin
Hypotension Serotonin

short-acting  octreotide  (Section  K).
Octreotide prevents and treats carcinoid syn-
drome by activating two out of five know
somatostatin receptors identified within car-
cinoid tumors, subtypes 2 and 5. Activation
of these receptors results in the reduction in
the synthesis and secretion of serotonin,
hydroxytryptophan, and other biologically
active compounds.

. 5-Hydroxyindoleacetic acid (5-HIAA) 24-h

urine test is the most commonly used diagnos-
tic test for carcinoid tumors with a 29-92%
sensitivity and a 79-100% specificity. This
compound is excreted in the urine after sero-
tonin metabolism by the liver and lung to a
pharmacologically inactive 5-HIAA. Prior to
performing this test, patients should avoid
serotonin-rich foods such as pineapples, kiwi,
nuts, bananas and some medications that may
result in falsely elevated urine 5-HIAA levels.
Serum Chromogranin A (CgA), which is ele-
vated in in 80% of patients with carcinoids
tumors, is another useful marker with a sensi-
tivity of 73% (range, 32-92%) and specificity
of 95% (range, 63—100%). Circulating CgA
levels reflect tumor load and can provide early
diagnosis of persistent or recurrent carcinoid
disease, with studies reporting that in over
80% of patients, serum elevation of CgA pre-
cedes the clinical diagnosis of recurrence by
up to 2 years. This makes this marker valuable
for monitoring the extent of disease and for
long-term follow-up. The Ki67 antigen is a
nuclear protein expressed by proliferating car-
cinoid cells and is absent in resting cells. Ki67
expression can be tested in resected tumors
specimens using anti-Ki67 antibodies. Tumor
levels of Ki67 expression can help predict
response to chemotherapy. Low values (<2%
tumor expression levels) indicate a low likeli-
hood of clinical downstaging with chemother-
apy whereas, high values (>2% tumor
expression levels) suggest that tumors are
more likely to benefit from chemotherapy in
conjunction with surgery.

. Radiologic staging of carcinoid tumors is per-

formed using computerized tomography scans
(CT) and magnetic resonance imaging (MRI)



598

A. AL-Khamis and P. Sylla

of the chest, abdomen and pelvis. The diagnos-
tic sensitivity for carcinoids ranges 57-94%
with CT and 85-94% with MRI. Somatostatin
receptor scintigraphy (SRS) is a whole body
nuclear imaging study that is useful for local-
izing carcinoid tumors that express somatosta-
tin receptors (SSTR 1-5), with a sensitivity
that ranges 57-85% and specificity reported as
high as 90% for localizing carcinoid tumors
that express somatostatin receptors (SSTR
1-5). It is commonly used to rule out occult
metastases when curative resection is intended.
Furthermore, it may also be used to direct the
choice of therapy (e.g. use of the somatostatin
analogues in patients with unresectable
tumors). Meta-iodobenzylguanidine  scan
(MIBG) is another nuclear imaging study that
has been increasingly recommended as a diag-
nostic test for carcinoids tumors. Since about
10% of carcinoids do not express somatostatin
receptors, but do occasionally take up Meta-
iodobenzylguanidine rather than octreotide,
MIBG scan be useful to detect carcinoids
lesions that appeared negative on SRS scan.
Most recently, whole body positron emission
tomography scan (PET) with serotonin precur-
sor 5-hydroxytryptophan, labelled with 11C
(SHTP-PET) has been associated with high
diagnostic sensitivity, and described as a help-
ful adjunct to monitor the effects of therapy.

On gross examination, carcinoids appear as
small submucosal (less than 2 cm in size),
multicentric, yellow colored tumors on cut
surface due to their high lipid content.
However, they may also appear as subtle
small white colored plaques on the antimes-
enteric border of the small or large bowel.
They are typically associated with desmo-
plastic invasion and fibrosis of the mesentery
caused by local effects of serotonin, growth
factors, and other released substances, which
can appear as large mesenteric masses often
mistaken for the primary tumor. On micro-
scopic examination, carcinoid tumors appear
as round uniform cells packed with various
secretary peptides. There are five histologic
patterns which include insular, trabecular,
glandular, undifferentiated, and mixed types.

Histological features of aggressive carcinoid
tumors include increased cellular atypia,
necrosis and/or high mitotic rate.

. Upper and lower GI endoscopy should be

considered especially in patients with midgut
carcinoids as they tend to have high rate of
synchronous tumors in regions remote from
the primary tumor, particularly adenocarci-
noma of the large bowel, where this has been
reported in up to 6-15% of patients.

. Prior to any elective resection electrocardio-

gram and echocardiogram should be per-
formed in  both  symptomatic and
asymptomatic patients to rule out carcinoid
valvular disease, a potential complication of
carcinoid syndrome.

. Using the diagnostic tests and imaging

modalities discussed earlier, carcinoids
tumors are staged using the American Joint
Committee on Cancer staging system (Tables
76.3, 76.4 and 76.5) to guide the multidisci-
plinary treatment and optimize surgical and/
or systemic therapies. Furthermore, the world
health organization (WHO) grading system,
which is used to grade GI pancreatic neuroen-
docrine and carcinoid tumors and is based on
the degree of tumor differentiation, tumor
mitotic rate, Ki67 expression and presence or
absence of ulceration, can be helpful in
assessing tumor aggressiveness, predict
tumor response to specific therapies and opti-
mize treatment approach for each individual
case (Table 76.6).

Refer to Algorithm in Fig. 76.2

J. The surgical treatment of carcinoid tumors is

based on tumor location, local, regional and
distant extent of disease. For small bowel car-
cinoids where tumor size does not correlate
with lymph node or distant metastasis, onco-
logic resection of the small bowel and associ-
ated mesenteric lymph nodes is the standard
of care. Moreover, the entire small intestine
should be carefully examined to exclude pos-
sible synchronous tumors. In addition, the
proximity and or involvement of the superior
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Table 76.3 Table American Joint Committee on Cancer (AJCC) 8th edition, small bowel

Stage

| features

Primary tumor (T)

Tx

Primary tumor cannot be assessed

TO No evidence of primary tumor

Ti»® Tumor invades lamina propria or submucosa and size less than or equal to
1cm

T2»° Tumor invades muscularis propria or size more than 2 cm

T3 Tumor invades through the muscularis propria into the subserosa without
penetration of the overlying serosa

T4 Tumor invades peritoneum (serosal) or other organs or adjacent structures

Regional lymph nodes (N)

Nx Regional lymph nodes cannot be assessed

NO No regional lymph node metastasis

N1 Regional lymph node metastasis less than 12 nodes

N2 Large mesenteric mass (over 2 cm) and/or extensive nodal deposits (12 or

more), especially those that encase the superior mesenteric vessels

Distant metastasis (M)

MO No distant metastases
Ml Distant metastasis
Mla Metastasis confined to liver
MIlb Metastasis in at least one extrahepatic site (e.g. lung, ovary, nonregional
lymph node, peritoneum, bone)
Mlc Both hepatic and extrahepatic metastasis
Stage grouping
Stage 5 year survival
Stage I T1, NO, MO 96-100%
Stage 11 T2, NO, MO 87-100%
T3, NO, MO
Stage IIT T1, N1, N2, MO 74-91%
T2, N1, N2, MO
T3, N1, N2, MO
T4, NO, MO
T4, N1, N2, MO
Stage IV Any T, Any N, M1 43-72%

Note: For any T, add (m) for multiple tumors [TX(#) or TX(m), where X = 1-4, and # = number of primary tumors
identifieds]; for multiple tumors with different T, use the highest
®Example: If there are two primary tumors, only one of which invades through the muscularis propria into subserosal
tissue without penetration of overlying serosa (jejunal or ileal), we define the primary tumor as either T3(2) or T3(m)

mesenteric artery and vein should be assessed
during surgery. For appendiceal carcinoids
where tumor size correlates with metastatic
potential, tumors <1 cm are treated with sim-
ple appendectomy while tumors >2 cm, which
are associated with a 30-60% rate of positive
lymph nodes and distant metastasis, should be
treated with radical right hemicolectomy.
Tumors 1-2 cm in size, in which the risk of
metastasis is 0-1%, should be treated with
primary or salvage right hemicolectomy if the
base of the appendix is involved, if there is

tumor extension to the mesoappendix or sub-
serosal lymphatics, or if goblet cells are pres-
ent on pathology. Rectal carcinoids <1 cm can
be treated with local excision, either endo-
scopically, using transanal excision (TAE) or
transanal endoscopic surgery (TES). Tumors
>2 cm are treated with radical proctectomy,
either low anterior resection or abdominoperi-
neal resection with total mesorectal excision
(TME). For rectal lesions 1-2 c¢m in size, the
risk of lymph node metastasis can be up to
66%, so if the lesion involves the muscularis
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Table 76.4 American Joint Committee on Cancer (AJCC) 8th edition, appendix

Stage | features
Primary tumor (T)
Tx Primary tumor cannot be assessed
TO No evidence of primary tumor
T1 Tumor 2 cm or less in greatest dimension
T2 Tumor more than 2 cm but not more than 4 cm
T3 Tumor more than 4 cm or with subserosal invasion or involvement
of the mesoappendix
T4 Tumor perforates the peritoneum or directly invades other adjacent
organs or structures (excluding direct mural extension to adjacent
subserosa of adjacent bowel), e.g., abdominal wall and skeletal
muscle
Regional lymph Nodes (N)
Nx Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis
N1 Regional lymph node metastasis
Distant metastasis (M)
MO No distant metastases
Ml Distant metastasis
Mla Metastasis confined to the liver
MIlb Metastasis in at least one extrahepatic site (e.g., lung, ovary,
nonregional lymph node, peritoneum, bone)
Mlc Both hepatic and extrahepatic metastases
Stage grouping
Stage 5 year survival
Stage 1 T1, NO, MO 93-100%
Stage 11 T2, T3, NO, MO 78-100%
Stage III T4, NO, MO 58-78%
Any T, N1, MO
Stage IV Any T, Any N, Any M 22-32%

Table 76.5 Table American Joint Committee on Cancer (AJCC) 8th edition, colon and rectum

Stage

‘ features

Primary tumor (T)

Tx Primary tumor cannot be assessed

TO No evidence of primary tumor

Ti»® Tumor invades lamina propria or submucosa and size 2 cm or less

Tla Tumor less than 1 cm in greatest dimension

Tlb Tumor 1-2 cm in greatest dimension

T2 Tumor invades muscularis propria or size more than 2 cm with invasion of
lamina propria or submucosa

T3t Tumor invades through the muscularis propria into the subserosa, without
penetration of the overlying serosa

T4 Tumor invades the visceral peritoneum or other organs,

Regional lymph nodes (N)

Nx Regional lymph nodes cannot be assessed

NO No regional lymph node metastasis

N1 Regional lymph node metastasis

Distant metastasis (M)

MO No distant metastases

Ml

Distant metastasis
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Table 76.5 (continued)

Stage features
Mla Metastasis confined to liver
MIlb Metastasis in at least one extrahepatic site (e.g., lung, ovary, nonregional lymph

node, peritoneum, bone)
Milc Both hepatic and extrahepatic metastasis
Stage grouping
Stage 5 year survival
Stage 1 T1, NO, MO 91-97%
Stage 1TIA T2, NO, MO 69-84%
Stage 11B T3, NO, MO
Stage IITIA T4, NO, MO 21-65%
Stage I1IB T1, N1, MO

T2, N1, MO

T3, N1, MO

T4, N1, MO
Stage IV Any T, Any N, M1 17-25%

Note: For any T, add “(m)” for multiple tumors [TX(#) or TX(m), where X = 1-4 and # = number of primary tumors
identifieds=]; for multiple tumors with different T, use the highest
°Example: If there are two primary tumors, only one of which invades through the muscularis propria into the subserosal
tissue without penetration of the overlying serosa, we define the primary tumor as either T3(2) or T3(m)

Table 76.6 Pathological features of carcinoid tumors used in staging and predicting prognosis

Histological classification

Well differentiated
(Low grade, G1)

Moderately differentiated
(intermediate grade G2)

Poorly differentiated
(high grade, G3)

Appearance Monomorphic population | No well defined Cellular pleomorphism
of small, round cells

Mitotic rate <2 2-20 >20

Ki-67 index <3% 3-20% >20%

Necrosis Absent Not well defined Present

Prognosis Prolonged survival Intermediate poor

propria or is associated with suspicious lymph
nodes or lymphovascular invasion, it should
be treated with radical oncological resection,
whereas lesions without high-risk histologic
features can be considered for local excision.
For colonic carcinoids, radical oncologic
colon resection with regional lymphadenec-
tomy is recommended.

. The cornerstones of systemic therapy for car-
cinoids tumors consist of octreotide and
somatostatin analogues (SSA). They are used
in patients with carcinoid syndrome and for
symptom control prior to definitive surgical
resection. Octreotide and SSA are also used
in asymptomatic patients with disease pro-
gression, to treat and prevent carcinoid crisis
before, during and after surgical resection

and/or liver embolization. Out of five sub-
types of somatostatin receptors identified
within carcinoid tumors (SSTR 1-5), subtype
2 and 5 are the receptors that mediate most of
the beneficial effect of SSA. Activation of
these receptors results in reduction in active
hormonal synthesis and secretion. SSA has
also been shown to be very effective in reduc-
ing disease progression in 50-60% of patients
with advanced carcinoid tumors. However, its
impact on overall survival remains to be
proven. Standard dosing of octreotide long
acting repeatable (LAR) consist in 20-30 mg
intramuscular injection every 4 weeks.
However, since therapeutic levels are not
achieved for 14 days after the first LAR injec-
tion, short acting octreotide (150-250 pg
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Appendiceal carcinoids between 1-2 cm are managed with right hemicolectomy if the base of the appendix is involved, if there is

extension to the mesoappenidx or subserosal lymphatics, or iff goblet cells are present on pathology. Otherwise, an appendectomy is
sufficient.
** Local excision include polypectomy, transanal excision (TAE), or transanal endoscopic surgery (TES).
*** Rectal carcinoids between 1-2 em with involvement of the muscularis propria, suspicious lymph nodes or lymphovascular invasion,

a

re treated with radical oncological resection.

Fig.76.2 Algorithm showing management of resectable locoregional disease

three times daily subcutaneously) can be
added to achieve rapid relief of symptoms
and for breakthrough of symptoms. One of
the major side effects of octreotide and SSA
is the risk of biliary complications (gallblad-
der empyema, acute cholecystitis, acute pan-
creatitis and biliary colic) with a 5-year
incidence of 19%. In patients in whom treat-
ment with octreotide or SSA is anticipated
postoperatively, concurrent cholecystectomy
is recommended.

Refer to Algorithm in Fig. 76.3

L.

Management of metastatic carcinoid disease
is dependent on whether carcinoid syndrome
is present and whether RO resection can be

achieved. If there are no contraindications to
surgery and an RO resection can be achieved,
then en-bloc resection of all disease may
achieve long-lasting symptomatic relief and
prolong survival. If RO resection is not pos-
sible, then cytoreductive debulking surgery
should be considered. Tumor debulking
involve resection of the primary tumor for
palliative alleviation of local and systemic
symptoms with or without metastasectomy,
most commonly for liver metastases. Liver
metastasectomy commonly involve anatomi-
cal or non-anatomical hepatic resection.
Non-surgical treatment options used in con-
junction with hepatic resection for large
hepatic metastases, for unresectable liver dis-
ease, and for patients who are not surgical
candidates include hepatic artery emboliza-
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Fig.76.3 Algorithm showing management of unresectable metastatic disease

tion, hepatic cryoablation, or hepatic radio-
frequency ablation (RFA). Hepatic artery
embolization is highly effective in debulking
liver metastases. The duration of response is
usually short ranging from 7 months for

hepatic

artery

embolization

alone

to

20 months if hepatic artery occlusion was
followed by chemotherapy. In Selected
patients, embolization can be repeated up to
four times every 2—3 months.

Chemotherapy has been largely ineffective in

the management of advanced unresectable
carcinoid tumors. Cisplatin-based chemo-
therapy has been used in aggressive carci-
noids with high proliferative rates. Some
studies have shown response rate as high as

67%, but much less in less aggressive indo-

lent tumors. Interferon alpha, has been used
in cases refractory to somatostatin and shown
to achieve symptomatic relief in over third of
cases. It is associated with a median bio-
chemical response rate of 44%
0-71%) and a median tumor response rate of
11% (range 0-27%). However, its use is lim-
ited by side effects which include anorexia,
fatigue, fever and weight loss.

(range

Targeted therapy with radiolabeled soma-

tostatin analogues is one of the new develop-
ments currently under investigation and used
for locally advanced unresectable metastatic
carcinoids with positive SRS scan. The pep-
tide receptor radionuclide therapy (PRRT)
strategy involves the use of a carrier mole-

cule (octreotide derivate) attached to a vari-
ety of different radionuclides including
indium-111 (in), 90, and lutetium-177 (177
Lu). The major advantage of PRRT is the
ability of these molecules to identify and
quantify the target, the somatostatin recep-
tors, before starting treatment. PRRT is well
tolerated with low to moderate toxicity. The
use of PRRT has been associated with tumor
regression in 14—-19% of cases with stage IV
disease and progression free survival in
4-70% of patients with advanced disease.
Finally, external beam radiation is another
frequently used option for palliative symp-
tomatic control of bone and central nervous
metastasis.

With respect to long-term follow-up, in the
first year following resection, patients should
be monitored every 3—12 months with his-
tory and physical exam, CT scans or MRI,
serum CgA and urinary 5-HIAA levels. If the
baseline SRS scan was positive preopera-
tively, yearly scans should be performed.
Following local excision (endoscopic or
transanal excision) of rectal carcinoids for
lesion 1-2 cm in size, surveillance endos-
copy with rectal MRI should be performed at
6 and 12 months, with subsequent evaluation
performed if clinically indicated. For resected
rectal lesions <1 cm in size with negative
margins and no evidence of high-risk histo-
pathological features, no specific follow-up
is recommended. Overall, follow-up should
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be continued for up to 10 years post-
resection. With respect to prognosis, 5-year
survival rate for localized carcinoid disease
approaches 100% after complete RO resec-
tion, 45-68% for resectable metastatic dis-
ease, and 38—58% for unresectable disease.
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