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Abstract: Bronchial typical carcinoid tumors are neuroendocrine bronchopulmonary tumors
with a low-grade malignancy, and an atypical carcinoid is an intermediate form of these tumors.
There is a lack of knowledge on the optimal treatment for these tumors. The surgical treatment
of choice consists of a lobectomy supplemented by dissection. The benefit of chemotherapy
and radiotherapy is unclear. Targeted therapy could be used in this condition, but there is a lack
of research recommending it.
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Introduction
Carcinoid tumors account for approximately 2% of all bronchopulmonary tumors.
Bronchial typical carcinoid tumors are neuroendocrine bronchopulmonary tumors
with a low-grade malignancy. An atypical carcinoid is an intermediate form of these
tumors. Small and large cell neuroendocrine lung carcinomas represent a high-grade
malignancy. There is a lack of knowledge on the optimal treatment of these tumors.

These entities are distinguished by their clinical, radiological and histological
presentation, and — above all — their prognosis. Typical carcinoid tumors, which
represent 90% of carcinoid lung neoplasms, occur mostly in young patients. Typical
carcinoid tumors represent 1%—2% of lung tumors. In addition, 5%—15% have lymph
node metastasis at presentation and 3% have distant metastasis. Atypical carcinoid
tumors represent 0.1%—0.2% of lung tumors, 40%—-50% with lymph nodes metastasis
at presentation, and 20% with distant metastasis.

Depending on the series, cases are asymptomatic and discovered incidentally.
In symptomatic patients, the time between the first signs and diagnosis can be long.
The symptoms are chronic cough, chest pain, dyspnea, hemoptysis, fever, unilateral
wheezing, or recurrent infections. The symptomatology is more meaningful when the
tumor is proximal. In about 1%—5% of cases, carcinoid syndrome can be observed and is
secondary to the systemic release of vasoactive substances, particularly serotonin.?

Radiologically, there are no specific signs. When the tumor is central, it is in the
form of a hilar or perihilar mass, alone or in charge of a ventilatory defect downstream.
In 16%—-40% of cases, the tumor is peripheral and corresponds to a round or oval
homogeneous opacity. Nearly 60% of carcinoid tumors are located in the right lung, the
middle lobe being the favorite site. Computed tomography is an important test to clarify
the radiological aspect observed on the chest radiography. In almost 30% of cases,
localized or diffuse calcifications may be visible. Bronchoscopy highlights budding
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well-vascularized lesions in three-fourths of the cases. Bron-
chial biopsies exposed to a significant risk of bleeding and
caution must be set against tumors that are endoscopically
well-rounded and raspberry in color.

In addition, the small size of bronchial biopsies often
poses diagnostic problems. The main histologic features
for distinguishing among lung neuroendocrine tumors are
the morphology, the mitotic account, and the presence or
absence of necrosis. Typical and atypical carcinoid tumors
have an identical morphology. The mitotic account with more
than one mitosis to ten high-power fields for typical carci-
noid (two to ten mitoses for an atypical carcinoid) and the
absence of necrosis distinguish the typical and the atypical
carcinoid, according to the classification of Travis,® behind
the World Health Organization classification of 1999. The
neuroendocrine tumors would distinguish them also by the
variable expression of genetic markers linked to the p53
locus of chromosome 17p13. Some immunochemical mark-
ers characterize the neuroendocrine tumor: chromogranin,
synaptophysin, and neural cell adhesion molecule/CD56.
The thyroid transcription factor 1 is negative.

The treatment of choice of these carcinoid tumors is
surgical and usually consists of a lobectomy, supplemented
by lymph node dissection. In inoperable cases, patients may
be offered endoscopic resection. But problems arise in this
case with the absence of lymph node staging. The benefit of
chemotherapy is not clear, but this question arises only in the
case of metastatic disease.

Most carcinoid tumors have a benign course. It is a slow-
growing tumor. Some more aggressive tumors may develop
metastasis. Depending on the series, the typical forms
metastasize in 2%—11% of cases and very rarely more.* The
survival of patients with carcinoid tumors depends mainly
on the histological type and the presence of metastasis.’ We
focused on the systemic and the local treatment of lung car-
cinoid tumor, not on a local therapy of metastasis.

Treatment

Surgery

Surgery is the mainstay of the treatment, based on the general
principle of complete resection with preservation of as much
normal lung tissue as possible.

A study conducted by Ducrocq® examined factors
determining long-term survival after resection of typical
carcinoid tumors. It failed to demonstrate any prognostic
significance for sex, tumor size (T1 versus T2), tumor location
(central versus peripheral), and type of resection. The study
confirms a good prognosis after complete resection of typical

carcinoid tumors, including those with lymph node metastasis.
Parenchyma-saving resections should be preferred for a typi-
cal carcinoid tumor.” Patients who have an atypical carcinoid
tumor with a consequent higher rate of nodal involvement
should receive a radical surgery.®® Published in 2010, a retro-
spective study of 126 patients treated surgically for a carcinoid
tumor showed that the survival at 10 years was 79.8%. The
main prognostic factors are histology (with a significantly
higher survival for typical carcinoid tumors), lymph node,
and metastasis.” In 2007, in another study of 661 patients
treated surgically for a carcinoid tumor, the overall five-year
survival was 97% for typical carcinoid tumors (100% for
those with nodal involvement, but no significant difference)
and 78% for atypical carcinoid tumors (60% with positive
lymph nodes, with a statistically significant difference).
The histology and lymph node involvement were the main
prognostic factors for these patients. Lymph node dissection
during surgery is important.'® Endobronchial removal should
be reserved for very selected typical carcinoid tumor with
endobronchial structures without an extension through the
cartilaginous area.'!

Chemotherapy and radiotherapy
Chemotherapy should be considered in two cases: adjuvant
or neoadjuvant therapy with surgery and for advanced
disease.

Adjuvant chemotherapy has not been well-studied in this
indication. Those patients received adjuvant chemotherapy
with lymph node involvement and treated with surgical
resection alone were more likely to develop recurrent dis-
ease and a significantly worse outcome. The data just con-
cerned large cell neuroendocrine carcinoma and small cell
carcinoma; there was a lack of knowledge for adjuvant che-
motherapy. The use of the chemotherapy regimens usually
administered in small cell lung cancer therapy, including
platinum plus etoposide, should be an option like large cell
neuroendocrine carcinoma.'? Radiotherapy could control the
local disease. In the presence of the advanced pulmonary
carcinoids, several chemotherapeutic agents have been
investigated, but they were generally associated with dis-
couraging results. There is a lack of randomized trials, espe-
cially placebo-controlled studies. In a study by Sun et al,'?
patients with advanced carcinoid tumors were randomized
to either doxorubicin with fluorouracil or fluorouracil with
streptozocin. Responses to this treatment were modest.
Fluorouracil with streptozocin improved survival (but not
the response rates and the progression-free survival [PFS])
compared with the doxorubicin-based regimen, suggesting
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that it should be considered an active regimen of therapy.
Other studies evaluated somatostatin analogs (octreotide or
lanreotide) and 5-fluorouracil, dacarbazine, epi-adriamycin,
oxaliplatin plus capecitabine, and temozolomide.

The RADOO1 In Advanced Neuroendocrine Tumors-2
(RADIANT-2) study evaluated'* everolimus, an oral inhibi-
tor of the mammalian target of rapamycin, plus octreotide
long-acting repeatable (LAR) in patients with low-grade
or intermediate-grade neuroendocrine advanced tumors
(carcinoids). Everolimus plus octreotide LAR, compared
with a placebo plus octreotide LAR, improved PFS in patients
with carcinoid syndrome.

Some peptide and amine markers (chromogranin A,
neuron-specific enolase, serotonin, synaptophysin, and
adrenocorticotropic hormone) should be used to make the
differential diagnosis. Somatostatin receptors (SSTRs) are
involved in the different intracellular signaling pathways
of cell proliferation, differentiation, and angiogenesis. The
presence of SSTRs should be demonstrated to justify the
patient’s selection for somatostatin analog therapy.

A high heterogeneity was reported for the SSTRs’ distri-
bution, with a significant progressive decrease from low- to
high-grade forms. The somatostatin analog therapy mim-
icked the actions of somatostatin. Octreotide has been used
for its antisecretory effects and has proven to be an effective
agent for symptoms of carcinoid syndrome. Lanreotide is a
synthetic analog of somatostatin. Several results supported
the recommendation for the use of somatostatin analogs in
treating carcinoid syndrome,'*!¢ but any other use, including
the management of asymptomatic metastatic carcinoids, can
still be considered controversial. A relatively new therapy
is peptide receptor radionuclide therapy with radiola-
beled somatostatin analogs (90Y-DOTATOC and 177 Lu-
DOTATATE. 90Y-DOTATOC). These new treatments were
not actually evaluated in only bronchopulmonary carcinoid
tumors by randomized study, but the data in all carcinoid
tumors seemed to be interesting in some Phase II clinical
studies,'”!® with few adverse events and very interesting
outcomes in patients with carcinoid tumors with few or no
alternative treatments.

Targeted therapy

Targeted therapies were not well-evaluated in neuroendocrine
tumors with pulmonary origin. In carcinoid tumors, overex-
pression of the vascular endothelial growth factor (VEGF),
together with the VEGF receptor (VEGFR) subtypes, have
been observed. This suggested that an autocrine activation
of the VEGF pathway may promote tumor growth. Sunitinib

malate is a small molecule kinase inhibitor with activity
against a number of tyrosine kinase receptors (VEGFR-1,
VEGFR-2, VEGFR-3, platelet-derived growth factor recep-
tors, stem cell factor receptors, glial cell line-derived neu-
rotrophic factor receptors, and fms-like tyrosine kinase-3).
The efficacy of sunitinib has been evaluated in a two-cohort
Phase II clinical study of advanced carcinoid and pancreatic
neuroendocrine tumor patients. In spite of the antitumor
activity in pancreatic neuroendocrine tumors, its activity
against carcinoid tumors could not be definitively determined
in the study."

Interferon-alpha has been described to have antiangio-
genic properties and has also been studied in carcinoids.
Adding interferon-alpha to octreotide may retard tumor
growth in patients with midgut carcinoid tumors.?

The combination of bevacizumab (BEV) and pegylated
(PEG) interferon alpha-2b was evaluated among patients
with metastatic or unresectable carcinoid tumors. Patients
on stable doses of octreotide were randomly assigned to
18 weeks of treatment with BEV or PEG interferon alpha-2b.
BEV therapy resulted in objective responses, with reduction
of tumor blood flow, and longer PFS in patients with carcinoid
tumors than PEG interferon treatment. The results reported
with BEV can be considered very interesting, but they need
to be confirmed in larger studies.”!

Rickman et al?? investigated the expression of the ErbB
family of receptor tyrosine kinases in pulmonary — typical
and atypical — carcinoid tumors and evaluated the role of
epidermal growth factor receptor (EGFR) signaling in tumor
proliferation. 45.8% of typical carcinoid and 28.6% of atypi-
cal carcinoid tumors express EGFR, 100% of the tumors lack
expression of ErbB2, and 100% have moderate-to-intense
staining for ErbB3 and ErbB4. No EGFR mutations were
found, and they sequenced the KRAS gene from the pul-
monary carcinoid tumor DNA and found that 100% were
wild-type. Moreover, using a lung carcinoid cell line that
expresses EGFR, they found that erlotinib reduced prolifera-
tion by inhibiting the EGFR signal transduction. The results
suggested a clinical potential for the use of EGFR inhibitors
in the treatment of patients with pulmonary carcinoid tumors,
particularly for those patients who were not amenable to
surgical resection.?

Metastasis

For extrahepatic metastasis, the treatment is systemic
therapy. For hepatic metastasis, local treatment could be
used — metastasis surgery, hepatic artery embolization, or
chemoembolization.??
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Figure | Treatment of carcinoid tumors. Proposed algorithm based on the type and stage of the tumor.

Conclusion 6.
The treatment of choice for carcinoid tumors remains
surgery and consists of a lobectomy supplemented by 7.
lymph node dissection. The benefit of chemotherapy and
radiotherapy is unclear, but the question arises only for 3.
metastatic disease. Targeted therapy could be used in this
indication, but there is a lack of studies to recommend these
therapies. The treatment depends on the type of carcinoid

tumor (typical or atypical), the presence of hepatic metas- 10-
tasis (local treatment) or extrahepatic metastasis, and the
operability of the patient (Figure 1).
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