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Introduction

Primary tracheobronchial neoplasms represent
approximately 0.1% of all pulmonary tumors (1). They
have been a topic of interest for many decades due to the
challenge in their diagnosis and management. Many of
tracheobronchial tumors are found incidentally. They are
sometimes misdiagnosed as asthma or chronic obstructive
pulmonary disease. The past few decades have seen an
increase in the diagnosis of these tumors due to the rising
popularity of flexible bronchoscopy and advancement in
related techniques. We present a review of rare airway
tumors (RATSs) that have been presented in the literature
as case reports or case series and discuss pertinent aspects
of the different airway tumors with focus on epidemiology,
pathology and genetics, clinical presentation, diagnosis,
treatment and outcomes. The Cochrane Library and
Medline from 1990 to 2015 was searched to identify the
rare airway tumors and to provide a comprehensive review
for tumors of the tracheobronchial tree that are considered
rare. Following search terms were used: rare airway tumor,
tracheal tumors, and rare bronchial tumors. We have
focused on rare neoplasms based on incidence and atypical
presentation that arise in the tracheobronchial tree from the
subglottic to the segmental bronchioles. These tumors were
classified based on cell type as well as metastatic potential
(Table 1) (1).
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Epidemiology

It is difficult to determine the actual prevalence,
geographical distribution, gender predominance, age
predominance and associated risk factors of these rare
tumors (1-4). Furthermore, there is no epidemiological data
due to the lack of large prospective or retrospective clinical
studies. Through individual review of most up-to-date case
reports and reviews of each individual tumor, we present
the prevalence of each tumor as percentage of primary
pulmonary tumors (1-15) or as number of reported cases
as well as gender predominance, age predominance and
associated risk factors, Table 2 (16-28).

Pathology, genetics and immunohistochemistry

There have been very limited reports on the genetics,
pathology and associations of RATs. Some of that
information has been an extrapolation based on known
pathogenesis of these tumors that occurs in other organs.
In this paper, we discuss available information on some of
the unique genetic and pathological criteria as well as the
associations of some of these rare tracheobronchial tumors.
Pulmonary salivary gland-type tumors account for
<1% of pulmonary tumors but are distinct group (29).
Mucoepidermoid carcinoma (MEC) is the most common type

(Figure 1) followed by adenoid cystic carcinoma (ACC) (29).
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Table 1 List of rare airway tumors classified based on cell type and

malignant potential

Tissue type Name of tumor
Salivary gland
Benign Oncocytoma
Mucus gland adenoma
Malignant Adenoid cystic carcinoma (ACC)

Mucoepidermoid carcinoma (MEC)
Myoepithelial carcinoma

Epithelial cells

Benign Papilloma
Malignant Carcinoid tumor (CT)
Mesenchymal cells
Benign Leiomyoma
Schwannoma
Hamartoma
Hemangioma
Lipoma
Chondroma
Glomus tumor (GT)
Granular cell tumor (GCT)
Malignant Non-Hodgkin’s lymphoma
Fibrosarcoma
Chondrosarcoma
Others
Benign Inflammatory myofibroblastic tumor (IMT)

Extramedullary plasmacytoma (EMP)

These tumors are indistinguishable histologically from
their salivary gland counterparts. They originate from
the submucosal glands of the tracheobronchial tree and
have structural homology to the exocrine glands. They
can be distinguished by cell type as MEC is composed
of mucoid and epidermoid cells that are squamous cells
while ACC is composed of cribriform, tubular, or solid
growth patterns with monomorphic tumor cells. A recent
review on the salivary gland tumor reports the difference
in term of immunohistochemistry (IHC) and molecular
features between these tumors (30). Pulmonary MEC was
reported to have positive immune sensitivity for p63, p40,
cytokeratin (CK)7 and CK5/6 and negative IHC for CK20,
thyroid transcription factor-1 (T'TF-1), and napsin A
(6,31). This immunohistochemical distinction is important
because adenocarcinoma and adenosquamous carcinoma
of the lung are difficult to differentiate from MEC by
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cytomorphology. On the other hand, ACC was determined
to be immunoreactive to pan Cytokeratin, CD117 and
proto-oncogene MYB (30). In term of molecular features,
around 40% to 75% of MEC of the head and neck region
have shown a characteristic association with translocation,
t(11;19)(q21;p13). In one study 24 cases of pulmonary MEC
showed a mastermind-like 2 (MAML?2) on chromosome
11q21 rearrangement by fluorescence in situ hybridization
thus demonstrating an importance of this test in diagnostic
work up (31). Recent review also showed that around
50% of studied ACC demonstrate tumor-specific t(6;9)
(q22-23;p23-24) translocation generating a MYB (v-myb
avian viral oncogene homolog) proto-oncogene fusion with
the transcription factor gene NFIB (nuclear factor IB) (30).

Another interesting rare malignant airway tumor is
the epithelial-myopeithelial carcinoma. P53 gene and
adenomatous polyposis coli (APC) gene has been implicated
in the pathogenesis of epithelial-myoepithelial carcinoma
(32-34). Although involvement was shown in a case report,
more information is needed to show direct association. The
immunohistochemical stain for Ki-67 (a cellular marker for
proliferation) revealed increased mitotic activity (32).

Papilloma is another unusual tumor due to its various
cell types and association with human papilloma virus
(HPV) (Figure 2). Papilloma is classified into 3 categories:
squamous, glandular and mixed. Squamous cell papillomas
have been associated with tobacco smoking as well as
HPV (8). A study by Inamura et 4l. reported 78% of HPV
identification in squamous papilloma while none in mixed
and glandular cases suggesting that sub types of papilloma’s
differ in etiology (8). Katial et /. found HPV DNA in
squamous papilloma (reference). The study by Shibuya
et al. and Lang et al. showed that HPV serotype 6 and 11
is the most common type associated with papilloma with
low risk of malignant transformation (35,36). Go ez al.
showed that p53 status is not a molecular marker for
malignant transformation in papillomas and its expression is
variable (37).

The World Health Organization (WHO) have
classified neuroendocrine tumors of the lung into three
main entities: carcinoid tumors (typical/atypical), large
cell neuroendocrine carcinomas (LCNEC), and small
cell carcinomas (SCC) (9). Classification of typical and
atypical carcinoid tumors, LCNEC and SCC are based
on the histologic appearance, and presence of necrosis
and mitoses (9). This review focused on typical carcinoid
(T'C) and atypical carcinoid (AC) tumors. The WHO

diagnostic criteria for T'C are: a tumor with neuroendocrine
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Table 2 Epidemiological criteria of rare airway tumors including prevalence, gender predominance, age predominance and associated risk factors

) Prevalence (percent or
Rare airway tumor

Gender predominance

Age predominance Associated risk

number of cases) (male:female) (years of age) factors

Oncocytoma 10 cases M>F - Smoking
Mucus gland adenoma - F>M - -
Adenoid cystic carcinoma 0.04-0.2% 1:1 46 -
Mucoepidermoid carcinoma 0.1-0.2% 11 <30 -
Myoepithelial carcinoma 20 cases 1:1 - -
Papilloma 50 cases

Squamous 6:1 54 HPV

Glandular 1.2:11 68 -

Mixed 5:1 58 -
Carcinoid tumor 1-2% - <35 -
Leiomyoma 2% M>F 35-40 -
Schwannoma 51 cases 2:3 Adults -
Hamartoma 43 cases 6.2:1 62 -
Hemangioma 10 cases - Infants -
Lipoma 0.1-0.5% M>F 50-60 Smoking, obesity
Chondroma 0.2% 3:2 46 -
Glomus tumor 31 cases 2:1 52 -
Granular cell tumor 31 cases - Adults -
Non-Hodgkin’s Lymphoma 0.23% F>M 40-60 Smoking
Fibrosarcoma 3.6% M>F Children and young adults Radiation
Chondrosarcoma - 1.3:1 30-60 -
Inflammatory myofibroblastic tumor 0.04-0.07% - <16 -
Solitary extramedullary plasmacytoma 5 cases 4:1 56 -

morphology and <2 mitoses/2 mm’ (10 high power fileds
(HPF), lacking necrosis and tumor 0.5 cm or larger. AC
are tumors with neuroendocrine morphology with 2 to
10 mitoses/2 mm’ and/or necrosis (often punctate). About
75-90% of bronchopulmonary carcinoids are centrally
located while only 10-25% are peripheral. TCs represent
90% of pulmonary carcinoid tumors. They tend to occur in
younger patients and metastasize to lymph node in 5-15%
and to distant sites in 3% at the time of presentation (38).
On the contrary, AC are rare (0.1-0.2%) lung tumors;
however, metastasis to lymph node (40-50%) or distant
sites (20%) are common at presentation. Furthermore,
neuroendocrine tumors have also been associated with
multiple endocrine neoplasia type I (MEN1), an autosomal
dominant disorder associated with the gene locus on 11q13.
In one series around 5% of patient with MEN1 were
associated with pulmonary carcinoid, while higher incidence
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of 31% was reported in another study (39). Inactivation of
the MEN1 gene by mutation is evident in TC (47%), AC
(70%), LCNEC (52%), and SCLC (41%) (40-42). Onuki
et al. noted that 11q13 gene mutation was more common in
LCNEC (71%) and SCLC (67%). Abnormal expression or
loss of heterogenosity and point mutations of the p53 locus
have been detected less commonly in TC (4%) than AC
(29%) (43,44). Expression of p53 protein in AC is correlated
with a higher apoptotic index. An older study reports 10q
and 13q sequences and allow further cytogenetic differences
between AC and TC (45).

Leiomyoma is a benign tumor, which arises from smooth
muscle fibers surrounding the airway or in the blood vessels.
Multiple cases of leiomyoma have been reported in patients
with HIV/AIDS and cellular immunity deficiency (46).
Along with HIV virus, leiomyoma have been reported in
immunocompromised patients with Epstein-Barr Virus

7 Thorac Dis 2016;3(8):1922-1934
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Figure 1 Mucoepidermoid carcinoma. (A) axial chest CT image showing the complete obstruction of the left main stem bronchus. The obstructive
lesion is highly vascularized with a bronchial artery branch originating from the descending aorta (arrow); (B) chest CT three-dimensional
reconstruction showing the complete obstruction of the left main stem (arrow); (C) bronchoscopic image showing the complete obstruction of the
left main stem by a large tumor (arrow); (D) microscopic image of biopsy showing mucoepidermoid carcinoma. The image shows neoplastic tissue
composed of round to oval epithelioid cells and occasional goblet cells (red arrow) punctuated by mucin containing cystic spaces (yellow arrow).

Hematoxylin and Eosin stain (200x); (E) microscopic image showing mucicarmine staining of mucoepidermoid carcinoma. The image shows

intracellular (blue arrow) and extracellular mucin (yellow arrow). Mucicarmine stain (200x).

(EBV) infection. The exact pathophysiology is not yet
clear and many cases of leiomyoma have been reported in
immunocompetent patients suggesting the possibility of
multiple etiologies (47,48).

Inflammatory myofibroblastic tumors (IMT) are
distinctive tumors composed of myofibroblastic spindle
cell population as well as inflammatory infiltrate of plasma
cells, lymphocytes and eosinophils. The etiology for this
tumor is not well understood but many believe it is initiated
due to an inflammatory process like trauma or surgery
and even infection (49). One study suggests COX2 and
VEGE, as mediators of angiogenesis, which may play a role
in the pathogenesis and growth of IMT (50). In the past
couple of years, IMT have got recognition as true tumors
than inflammatory process due to reported cases showing
presence of clonal chromosomal abnormalities of 2p23 and
rearrangement of the anaplastic lymphoma kinase (ALK)
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receptor tyrosine-kinase gene locus or fusion of ALK with
the clathrin heavy chain gene localized on 17q23 (51,52).

Diagnosis
Clinical presentation

Many of the RATS are diagnosed incidentally on computed
tomogram (CT) imaging or bronchoscopy. Although they
tend to have similar clinical presentation and course, RATs
may present with different degree of symptomatic severity,
depending on the location, size, degree of obstruction,
growth rate, and other characteristics of these neoplasms
(3-26). However, when symptomatic, they all share
common constellation of signs and symptoms attributed to
tracheobronchial obstruction (Figure 3). Most RATS present
with cough and dyspnea, and sometimes with hemoptysis,
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Figure 2 Endobronchial papilloma. (A) bronchoscopic view showing a small a polypoid endobronchial lesion (arrow) in the lateral wall of the
bronchus intermedius; (B) ablation using argon plasma coagulation of the endobronchial lesion in the bronchus intermedius; (C) a six-month follow
up showing endobronchial minimal scaring and no evidence of recurrence; (D) microscopic image of a papilloma. The image shows tissue fragments

composed of fibrovascular core lined by benign squamous epithelium. Hematoxylin and Eosin stain (100x).

Figure 3 Endobronchial lipoma. (A) axial chest CT showing an endobronchial abnormality in the superior segment of the right lower lobe; (B)
bronchoscopic image of the large endobronchial soft polypoid lesion originating from the superior segment of the right lower lobe; (C) microscopic
image of an airway lipoma. The image shows airway epithelium on the right lower corner and submucosal tissue replaced by benign adipocytes.

Hematoxylin and Eosin stain (200x).
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wheezing and stridor. Other less common symptoms
include pleuritic chest pain, hoarseness and dysphagia (1).
Associated signs include hypoxia, wheezing and stridor.
In some cases, RATs may be misdiagnosed as asthma or
chronic obstructive pulmonary disease especially when the
onset of symptoms is gradual.

Diagnostic radiology and bronchoscopy

Conventional chest radiographs are not usually diagnostic,
yet are commonly obtained as the initial radiological test.
Chest CT is the most useful radiologic method to assess
the airway tumors and to delineate the extraluminal extent
of the tumor (5). MRI provides no clear advantage over
CT in the assessment of airway tumors, except for those
with salivary gland-type tumors (53). In those cases, MRI
T1-weighted imaging provides better visualization of the
glands hyper-intense fatty tissue and delineates the border
of the tumor. Pulmonary function testing can be sometimes
helpful if there is presence of obstructive pattern or abnormal
flow-volume loops that have characteristic flattening as
seen in dynamic extrathoracic/intrathoracic obstruction or
fixed airway obstruction (1). Bronchoscopy is the diagnostic
modality of choice for airway tumors as it allows for direct
visualization for localization, tissue sampling and staging
(5,54) The extent of the airway tumor and its relation to the
surrounding structure can be evaluated using the radial probe
endobronchial ultrasound (RP-EBUS) (55,56). Besides, the
curvilinear EBUS can be used to evaluate the mediastinal
lymph nodes for metastasis (57).

The diagnostic approach for most the rare airway tumors
discussed in this review follow the above approach (1-15).
There are subtle differences in the diagnostic work-up for
these tumors depending on the extent of the disease. General
summary of the diagnostic tool and associated findings
of each tumor is presented below (7able 3) (16-26,30-
33,36,38,48,58,59) .

Treatment

The treatment of airway tumors requires a multi-disciplinary
approach. The interventional pulmonologist, surgeon,
anesthesiologist and pathologist all play a crucial role in the
management of these tumors. While the treatment of these
tumors is complex, good short and long-term outcomes that
are possible with a well-planned and well-executed treatment
paradigm justify the effort involved.

The first step in the treatment includes a diagnostic

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

1927

biopsy. Easy as that seems, bronchoscopic biopsy requires
astute clinical judgment and comfort level and experience
with rigid bronchoscopy and multiple hemostatic techniques
utilized to control airway hemorrhage that may ensue from
a biopsy. The goals of bronchoscopy are:

(I) To assess the precise location and extent of the
disease along with the depth of invasion: this may
require the use of regular adult bronchoscopes
along with low profile, ultra-slim bronchoscopes
to bypass the tumor and assess the distal airway.
Assessment of a patent distal airway confers a
certain degree of safety should an endoscopic
destruction be considered. It also provides
invaluable guidance for surgical planning,
something a virtual bronchoscopy may not be able
to provide;

(I) To obtain a histologic diagnosis: the histology
of the disease process guides treatment. Most
pathology identified in the 7able I is curable with
complete resection. However, some pathology
may be better dealt with by chemotherapy or
radiation. For example, it is only in the rare
situation that resection, surgical or endoscopic
would be recommended for metastatic melanoma
of the airway. The need for a histologic diagnosis
must be balanced against the risk of bleeding. For
example, if a lesion looks like a classic carcinoid in
an eminently resectable location in a fit patient,
it may be entirely reasonable to go for surgery
without histologic diagnosis. However, as a general
rule, it is useful to have histology before treatment.
The risk of bleeding can be often assessed by
pre-operative scanning with IV contrast (useful
for identifying hemangiomas) or with the use of
curvilinear or radial endobronchial ultrasound;

(II) To render a blocked airway patent: there are two
situations in which this becomes particularly
important. First, in the case of a patient with
metastatic disease where the stage of the
disease precludes curative resection, a palliative
endobronchial destruction to improve the quality
of life is the optimal course. Second, in the
case of a patient with a completely obstructing
endobronchial tumor with distal collapse or
infection, opening up the airway helps with
assessment of resectability as well as to obtain time
to optimize the patient for surgery. In addition, this
may be necessary for anesthetic management. The

7 Thorac Dis 2016;3(8):1922-1934
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Table 3 Radiological, endoscopic and histochemical diagnostic findings of rare airway tumors based on literature reports

Histopathology & immunohistochemical

Tumor Radiological imaging Bronchoscopy analysis
Oncocytoma Undetectable on X-ray or CT Solitary polypoid nodules Uniform large polygonal cells with
ranging from 1.0-3.5 cmin eosinophilic cytoplasm and small round
diameter nuclei forming sheets, trabeculae, acinar
structures
Mucus gland Undetectable on X-ray or CT Solitary polypoid nodules Mucous gland adenoma cells appear as
adenoma cystic mucus-filled glands on microscope

Adenoid cystic Detectable on chest X-ray and CT

carcinoma scan;
Positive PET-CT scans (6-10% of
cases)

Mucoepidermoid Sharply marginated, ovoid or
lobulated polypoid nodules on chest
X-ray described as “pneumonic
consolidation” and “punctuate
calcifications”;
CT findings similar to those of the
bronchial carcinoid tumors but less
enhancement due to less vasculature

Myoepithelial Opaque shadow with well-

carcinoma circumcised borders on radiological
chest X-ray and CT scan

Papilloma Abnormal shadows or infiltrates on

chest X-ray;
Focal bronchiectasis is a common
radiographic feature

Carcinoid tumor Well-defined spherical or ovoid
nodule with a slightly lobulated
border on CT scan;

Vascular enhancement on CT scan
Variable uptake on FDG and PET-CT
compared to other malignant tumors

depending on the mitotic figures

Leiomyoma Detectable lesions on X-ray, specially
lateral view;
CT scan helps confirm the size and
extent of the tumor

Schwannoma Spherical and slightly heterogeneous

lesions on CT or MRI

Nodular or vascular lesions;
ice-berg structure with wide
base and narrow intraluminal
projection of nodular or
lobulated

Smooth, well-circumsized
glossy lesion with no visible
vessels

Smooth, well-circumsized
endobronchial mass with clear
borders, spontaneous bleeding
to touch

Polypoid or pedunculated
friable tan to red, glistering, no
visible vessels, no spontaneous
bleeding

Large fleshy polypoidal growth
with well-defined narrow stalk
arising from the luminal wall

Smoothly contoured, polypoid
mass pink in color with broad
base, rare spontaneous
bleeding

Smooth, round, whitish color
mass with no visible vessels,
no spontaneous bleeding

Monomorphic uniform cells with scant
cytoplasm. Three histological subtypes
including tubular, cribriform and solid (most
aggressive type) Tissue stains positive with,
keratin, CK7, CD117S-100, and SMA

Tissue analysis consistent with variable
proportions of mucus-secreting cells,
squamous cells, and so-called intermediate
cells that show no particular differentiating
characteristics

Glandular differentiation with a dual
population of epithelial and myoepithelial
cells;

Tissue stains positive for p53 and c-Kit
(CD117);focal atypia and increased mitotic
activity can be present

Tissue analysis consistent with intracellular
mucin which is positive for MUC5AC
(expressed in goblet cells); columnar cells
which are diffusely positive for CAM5.2 and
CK19; CEA and CA19-9 are focally positive

Tissue stains positive for chromogranin and
synaptophysin and negative for smooth-
muscle actin antibodies;

Intracytoplasmic dense-core granules seen
under electron microscope

Tissue analysis consistent with
pseudostratified columnar epithelium;
bundles and whorls of spindle shaped cells
with monomorphous fusiform nuclei and
acidophilic cytoplasm;

Tissue stains positive for desmin and
caldesmon

Tissue analysis consistent with presence of
a capsule, presence of compacted bipolar
cells with nuclei arranged in a palisade form
and/or loosely arranged spindle cells within
myxoid matrix and positive staining for S-100

Table 3 (continued)
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Tumor

Radiological imaging

Bronchoscopy

Histopathology & immunohistochemical
analysis

Hamartoma

Hemangioma

Lipoma

Chondroma

Glomus tumor

Granular cell
tumor

Endobronchial
T-cell ymphoma

Fibrosarcoma

Chondrosarcoma

Inflammatory
myofibroblastic
tumors

SEPs

Variable findings on CT scan

such as internal fat or “popcorn”
calcifications;

Little to no uptake on FDG PET-CT

X-ray can detect lesions depending
on size and location

Enlarged hilar shadow, or atelectatic
pattern on chest X-ray

Lobar consolidation or atelectasis on
chest X-ray

Distinguished from other tumors on
CT scan based on smooth borders
and marked contrast enhancement
due to their rich vascular supply

Detectable airway masses on CT
scan

Chest CT imaging reveal an
endobronchial mass. PET avid
endobronchial lesion

Well-marginated, smooth or lobular
nodules or masses on X-ray or CT;
They can also manifest as atelectasis
or postobstructive pneumonitis

Large chest wall masses with

bone destruction and soft-tissue
involvement on CT;

Scattered areas of calcification in
the chondroid matrix detected with
CT. Intermediate signal intensity
on T1-weighted MR images and
are heterogeneous on T2-weighted
images, typically with scattered
areas of high signal intensity

Non-specific obstructive lesions on
chest X-ray and CT scan

Solitary nodule, lobar consolidation
or as diffuse pulmonary infiltrate on
chest X-ray or CT scan

Round, pink mass with
no visible vessels, not
spontaneous bleeding

Polypoid lesion with visible
vessels, usually appear
hemorrhagic

Soft, poorly vascular, white, or
yellowish glistening mass

Pedunculated, vascularized,
pink lesions

A mass with hyperemic, meaty
or flesh solid surface on gross
bronchoscopic visualization

Pedunculated polypoid
endobronchial lesion partially
obstructing the bronchial
lumen

Obstructing bronchial lesion

Multi-nodular mass, usually
manifesting as endobronchial
atelectasis or post-obstructive
pneumonitis

Polypoid endotracheal or
endobronchial masses on
bronchoscopy

Smooth-surfaced, lobulated
mass lesion with visible
vessels, spontaneous bleeding

Smooth-surface mass 1-2 cm
in size

Tissue analysis consistent cartilage, fat,
fibrous tissue, and epithelial components

Tissue analysis consistent with benign
lobular capillary hemangioma

Definitive diagnosis in fewer than 50% of
biopsies due to existence of a fibrous, firm
sheath around the tumor which may prevent
adequate tissue sampling

Biopsies shows characteristic
chondromatous tissue

Tissue analysis consistent with medium-
sized cells with round nuclei and eosinophilic
cytoplasm; arranged in sheets that form
collars around capillary sized vessels;

Tissue stains positive for smooth muscle
actin and vimentin

Tissue analysis consistent with granular cells
that stain positive for S-100 but negative for
smooth muscle, calretinin and inhibin

Positive for CD3, CD4, and CD5 and
negative for CD8 and CD20

Closely packed spindle cells in herringbone
pattern

Tissue analysis consistent with moderately
hypercellular cartilaginous and binuclear
cells with large nuclei and open chromatin;
mitotic figures were absent

Tissue stains positive for vimentin, muscle-
specific actin, SMA and ALK-1 (up to 60%
cases)

Tissue analysis consistent with kappa chain-
type and lambda chain-type tumors;
Diagnosis is based on 5 criteria including
single extramedullary mass of clonal plasma
cells, histologically normal bone marrow,
absence of anemia, normal skeletal survey
and lack or decrease in serum or urinary
level of monoclonal immunoglobulin
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classic example of this situation is a carinal tumor
that near-obstructs the left mainstem bronchus.
As the surgical approach would be through a right
thoracotomy, intubation of the left mainstem to
obtain lung isolation is critical. In this situation,
the optimal approach would be to open up the
left mainstem with multimodality bronchoscopic
techniques, place an endotracheal tube in the
left mainstem bronchus to obtain good lung
isolation and then approach the resection via right
thoracotomy.

Bronchoscopic destruction of endobronchial tumors
can be accomplished in several ways. These include
electrocautery, cryotherapy, argon plasma coagulation
(APC), and laser (light amplification by stimulated emission
of radiation) using Neodymium-Yttrium-Aluminum-
Garnet (Nd:YAG), Neodymium-Yttrium-Aluminum-
Perovskite (INd:YAP), carbon dioxide lasers and others (60).
Electrocautery involves tissue destruction using an electric
current. It is best suited for small intraluminal tumors in early
stages with curative intent (61). It has risk of intraluminal
bleeding and perforation. APC, on the other hand, is a mode
of noncontact electro-coagulation that involves forming
plasma at the tip of a probe which produces coagulative
necrosis in the targeted tissue (61). APC is useful in targeting
lesions at sharp angles and provides excellent hemostasis.
Laser therapy is useful for tumor debulking and among other
used laser types, Nd:YAG is the most commonly used (61).
Nd:YAG Laser has an invisible beam with wavelength that
lies in the infrared region with depth up to 10 mm (compared
to 1-5 mm for APC). With the exception of the carbon
dioxide laser that requires rigid bronchoscopy, most other
laser types can be used through the flexible bronchoscope.
In contrast, cryotherapy relies on the repeated freeze-thaw
cycles using extremely cold temperatures to destroy tumor
tissue (61). Cryotherapy results in both physical and vascular
damage of the tumor. It has very low risk of bleeding and
perforation. Airway dilation using sequential balloon or rigid
bronchoscopy techniques is another approach that is usually
used in combination with other bronchoscopic modalities or
as a palliative measure to maintain airway patency (61).

The factors that impact the successful bronchoscopic
intervention are the extension of the tumor to the distally
beyond the central airways, complex tumors with wider
mucosal extension (more than three bronchial rings), bronchial
wall invasion toward other mediastinal structures, and
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determining cartilage invasion with radial probe EBUS (54).
Endoscopic approach is preferred over surgical approach
in patients with multiple co-morbidities and high surgical
risk. Other treatment such as chemotherapy, radiotherapy
and anti-inflammatory drugs may be used in conjunction
with surgical or endoscopic management or as palliation for
patient who have tumors that are candidates for endoscopic
or surgical management (3,4,6,7,9,13-23). A summary of
most employed treatment modalities for rare airway tumors
is provided in Tible 4 (26,32,36,47,49,58-60,62-67).

Surgical treatment is aimed at obtaining negative surgical
margins while sparing as much lung parenchyma as possible.
In tumors distal to the carina, sleeve resection is preferred
over pneumonectomy whenever feasible. In lesions at or
proximal to the carina, often, complete sparing of all lung
parenchyma is possible. While it is beyond the scope of this
article to discuss the details of all possible combinations
of resection, it is important to note that the resections
should be carefully planned by an experienced team that
includes the interventional pulmonologist, surgeon and
anesthesiologist. All patients should be planned on being
extubated on the table. The interventional pulmonologist’s
involvement continues into the post-operative period in
order to handle post-resection stenosis, even though this

should be rare (<5%).

Outcomes

The overall survival of rare airway tumors depends on
multiple factors including tumor malignant potential,
patient’s co-morbidities, location, and risks of treatment
modality. Benign tumors are usually localized and
amendable to resection with no or minimal risk of
recurrence (1). Benign tumors are usually treated with
surgical resection with very low recurrence rate. Tumors
that are treated with endoscopic excision have varying
degrees of recurrence, but re-excision is usually feasible
(1,54,62). Imaging and bronchoscopy are usually used to
survey for possible recurrence (5,54). The outcome of
malignant tumors is variable and depends on location,
lymph node involvement and mediastinal invasion of vital
organs (1,26).
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Table 4 Treatment modalities for rare airway tumors

1931

Tumor

Treatment modality

Oncocytoma

Mucus gland adenoma

Adenoid cystic carcinoma

Mucoepidermoid carcinoma
Myoepithelial carcinoma
Papilloma

Carcinoid tumor

Leiomyoma

Schwannoma

Hamartoma

Hemangioma

Lipoma

Chondroma
Glomus tumor

Granular cell tumor

Endobronchial T-cell
lymphoma
Fibrosarcoma
Chondrosarcoma

Inflammatory myofibroblastic

tumor

Solitary extramedullary
plasmacytoma

Surgical resection

Multimodality bronchoscopic resection

Multimodality bronchoscopic resection

Surgical resection

U]
(11
(I
(Iv)

Surgical resection

Multimodality bronchoscopic resection

Pneumonectomy if there is extensive bronchial involvement
Radiotherapy with radical doses of 60 Gy for palliative therapy

Multimodality bronchoscopic resection

Surgical resection

Surgical resection

Multimodality bronchoscopic resection

()
(n
()

Surgical resection if tumor is localized (if metastatic there is little to offer)

Bronchoscopic ablation

Surgical resection:

e tracheal sleeve resection

e segmental tracheal resection (anastomotic failure due to dehiscence and stenosis)

e carinal resection

e endoscopic resection

Multimodality bronchoscopic resection

Segmentectomy or lobectomy for tumors located at the lobar bronchus or more distal locations
Surgical resection

Endoscopic excision for more localized tumors and patients with poor pulmonary function
Multimodality bronchoscopic resection

Surgical resection

Multimodality bronchoscopic resection

Selective bronchial artery embolization by interventional radiology

High-dose corticosteroids in children and young adults

Multimodality bronchoscopic resection

Surgical resection if there is atypical features

Lobectomy or pneumonectomy if there is parenchymal involvement

Endoscopic excision

()
(i

()
(n
()
(I

Sleeve resection with primary reconstruction of the trachea

Multimodality bronchoscopic resection if tumor is confined to the airway lumen without extension into

the wall or urgent situations to maintain airway patency

Surgical resection

Multimodality bronchoscopic resection

Systemic chemotherapy: pirarubicin, cyclophosphamide, vincristine, and steroids
Surgical resection (after chemotherapy)

Multimodality bronchoscopic resection

Surgical resection

Adjuvant chemotherapy and/or radiation therapy for extensive tumors

Surgical resection (segmental tracheal resection)

Multimodality bronchoscopic resection

Wide local excision along with adjuvant radiation therapy

NSAIDs, steroids and ALK-inhibitors such as crizotinib in localized, unresectable tumors
Argon plasma coagulation via rigid bronchoscopy for narrow-base tumors

Surgical resection followed by radiotherapy for wide-base tumors
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