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Abstract: Spindle cell thymomas are the most common spindle cell neoplasms of the anterior
mediastinum. These tumors belong to the group of thymic epithelial neoplasms and are known for their wide
histomorphologic spectrum. This histological heterogeneity is the reason why unequivocal diagnosis can be
challenging, especially when dealing with small biopsy material. Conversely, less conventional patterns of
the tumor may also pose significant diagnostic problems in resected material and the differential diagnosis
often includes other spindle cell neoplasms that are known to arise in the mediastinal cavity. These can be
of variable origin and may share overlapping pathological features with spindle cell thymoma. Since spindle
cell thymomas are tumors that primarily affect the adult population and predominantly arise from the thymic
gland in the anterior mediastinum, this review will focus on the differential diagnosis with other spindle cell
neoplasms that share similar demographic characteristics and, for the most part, originate from the anterior
mediastinal compartment. These include other epithelial spindle cell tumors of thymic origin (sarcomatoid
thymic carcinoma and spindle cell carcinoid tumor), mesenchymal neoplasms [solitary fibrous tumor (SFT),
synovial sarcoma, and dedifferentiated liposarcoma] and various other tumors with spindle cell morphology,
that may occasionally involve the anterior mediastinum. The clinical, pathological, immunohistochemical

and molecular hallmarks of these lesions will be discussed and useful tips for the differential diagnosis with

spindle cell thymoma will be provided.
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Introduction

Mediastinal tumors are uncommon neoplasms that can
be derived from virtually any cell lineage, including
tumors composed of spindle cells. The frequency of
individual types of spindle cell tumors depends to a
large degree on the location within the mediastinum; for
instance, neurogenic tumors are most commonly found
in the posterior mediastinum, while those of thymic or
germ cell origin are typically restricted to the anterior
mediastinum (1). In the anterior mediastinal compartment,
the most common type of spindle cell neoplasm is spindle
cell thymoma, a low-grade malignant epithelial tumor of the
thymic gland. Spindle cell thymomas are known for their
morphologic heterogeneity which can lead to difficulties
in the diagnostic process, especially in small biopsy
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material (2). This histologic diversity is often the reason
why other spindle cell tumors are considered in the
differential diagnosis. In the anterior mediastinum, tumors
with spindle cell morphology that can easily be mistaken
with spindle cell thymoma include other epithelial-derived
neoplasms, namely spindle cell carcinoid tumor and
sarcomatoid thymic carcinoma as well as mesenchymal
tumors, primarily solitary fibrous tumor (SFT), synovial
sarcoma, and dedifferentiated liposarcoma or tumors with
spindle cell morphology of various lineage that are either
rare or are more commonly found in other mediastinal
compartments. In this review, the differential diagnosis
of spindle cell tumors of the anterior mediastinum will be
discussed with emphasis on the clinical, histopathological,
immunohistochemical and molecular characteristics of these
rare neoplasms.
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Figure 1 Spindle cell thymoma. (A) Low power view of a spindle cell thymoma showing a lobulated pattern with tumor nodules divided by
thick fibrous bands (H&E, x4); (B) the tumor cells are distributed in a sheet-like arrangement (H&E, x10); (C) the tumor cells are spindle-
shaped, have bland cytologic features and are percolated by scattered small lymphocytes (thymocytes) (H&E, x20); (D) perivascular spaces, if

present, are a good clue to the diagnosis of thymoma (H&E, x20). H&E, hematoxylin and eosin.

Spindle cell thymoma

Spindle cell thymomas, corresponding to type A thymomas
in the World Health Organization classification, are
the most common spindle cell tumors of the anterior
mediastinum (3). These tumors predominantly affect adult
patients in the 5" to 7" decade of life and are typically
detected either due to symptoms of mass effect on adjacent
anatomic structures, such as chest pain or shortness of
breath, or as a result of imaging studies performed for
unrelated reasons. Male and female patients are affected
equally (2).

Grossly, spindle cell thymomas can be encapsulated,
well-circumscribed or infiltrative masses with a firm tan
cut surface showing vague lobulation. Cystic changes,
hemorrhagic areas and even necrosis may be identified (2).
The low power microscopic appearance of the classic type
of these tumors is characterized by tumor cells arranged in
sheets or storiform patterns that may be divided into lobules
by discrete fibrous bands (Figure 1A,1B). Individual tumor
cells have spindle-shaped nuclei with dispersed chromatin,
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indistinct nucleoli, and pale eosinophilic cytoplasm. The
cytologic features are bland, with no significant nuclear
pleomorphism and low or absent mitotic activity. Among
these tumor cells, a small number of immature lymphocytes
(thymocytes) is dispersed (Figure 1C). Perivascular spaces,
empty spaces around blood vessels containing proteinaceous
fluid and scattered lymphocytes, may be identified but
are less often seen than in other types of thymoma
(Figure 1D). Hassall corpuscles are typically absent.
Spindle cell thymomas are notorious for displaying a wide
morphological spectrum and familiarity with the different
growth patterns is essential in order to avoid misdiagnosis
(Tuble 1, Figure 24-2H) (2).

Rare cases of spindle cell thymoma showing mild to
moderate nuclear atypia, increased mitotic activity and foci
of necrosis but no anaplasia or atypical mitotic figures have
recently been assigned as atypical type A thymomas (4).
Their clinical significance, however, remains uncertain as
they are not associated with more aggressive behavior than
conventional spindle cell thymomas and tumor metastasis
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Table 1 Morphologic subtypes of spindle cell thymomas

Morphologic subtype

Main histological findings

Classic spindle cell thymoma

Micronodular spindle cell thymoma with lymphoid
hyperplasia

Adenomatoid spindle cell thymoma

Ancient (sclerosing) thymoma

Angiomatoid spindle cell thymoma

Desmoplastic spindle cell thymoma

Spindle cell thymoma with papillary/

pseudopapillary features

Spindle cell thymoma with neuroendocrine
pattern

Spindle cell thymoma with neural pattern

Spindle cell thymoma with hemangiopericytoma
pattern

Spindle cell thymoma with cystic change

Atypical (type A) spindle cell thymoma

Fascicular or storiform patterns; bland spindled/ovoid cells; scant lymphocytes

Multiple tumor nodules composed of bland spindled/ovoid cells; embedded in
lymphoid stroma with lymphoid follicles and germinal centers

Short spindle-shaped tumor cells arranged in an adenomatoid/microcystic pattern;
scant lymphocytes

Hypocellular spindle cell proliferation distributed in a prominent sclerotic stroma
(>85%); calcification; cholesterol clefts; scant lymphocytes

Spindle-shaped tumor cells separated by large, cavernous blood-filled spaces; scant
lymphocytes

Spindle-shaped tumor cells embedded in abundant hyalinized/fibroblastic stroma;
scant lymphocytes

Spindle-shaped tumor cells arranged in papillary/pseudopapillary patterns; scant
lymphocytes

Spindle-shaped tumor cells arranged in organoid nests, ribbons, or rosettes; scant
lymphocytes

Spindle-shaped tumor cells arranged in whorls (meningothelial pattern) or in
alternating hypo- and hypercellular areas with perivascular hyalinization (schwannoma
pattern); scant lymphocytes

Spindle-shaped tumor cells with prominent staghorn-like vasculature; scant
lymphocytes

Spindle-shaped tumor cells separated by large cystic/pseudocystic spaces; reactive
changes (chronic inflammation, fibrosis, cholesterol clefts, granulomas, etc.)

Spindle-shaped tumor cells with nuclear atypia, increased mitotic activity and foci of

necrosis

can occur also in cases devoid of any atypical histologic
features (5,6).

The immunohistochemical phenotype of spindle cell
thymomas reflects its epithelial origin and is characterized
by expression of a range of cytokeratins (AE1/AE3,
CAMS.2, CK5/6) as well as p63/p40 (Figure 34-3C) (7).
Pax8 is another marker commonly positive in the tumor
cells if the polyclonal antibody is used (Figure 3D) (8).
Recently, a characteristic GTF2] mutation was identified in
up to 80% of these tumors (9); whilst this is an important
new discovery, its use for diagnostic purposes is currently
limited as the gene is not yet included in commercial or
academic next generation sequencing panels.

Despite their low-grade histopathologic features, spindle
cell thymomas are malignant tumors and their prognosis
is mostly dependent on the extent of disease at the time
of diagnosis. With multimodal therapy, including surgery,
chemotherapy and radiotherapy, the 5- and 10-year
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overall survival rates currently lie in the range of 80-100%

(Table 2) (3).

Spindle cell carcinoid tumor of the thymus

Spindle cell carcinoid tumors of the thymus are rare
tumors of the anterior mediastinum. Like spindle cell
thymomas, these tumors originate in the thymic gland
and are characterized by a proliferation of monomorphic
spindle cells. They are more commonly seen in male
patients with a peak incidence in the 5" decade of life
(10-12). Approximately 25% of these neoplasms arise
in patients with multiple endocrine neoplasia (MEN)-
1 syndrome; 50% are functionally active and can induce
Cushing syndrome (13). While a subset of patients
remains asymptomatic, the majority of patients presents
with various symptoms, including chest pain, weight loss,
shortness of breath or superior vena cava syndrome (10).
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Figure 2 Different variants of spindle cell thymoma include (A) micronodular thymoma with lymphoid hyperplasia (H&E, x4),
(B) adenomatoid spindle cell thymoma (H&E, x4), (C) ancient (sclerosing) thymoma (H&E, x10), (D) angiomatoid spindle cell thymoma
(H&E, x10), (E) desmoplastic spindle cell thymoma (H&E, x10), (F) spindle cell thymoma with papillary/pseudopapillary features (H&E,

x10), (G) spindle cell thymoma with neuroendocrine pattern (H&E, x20), and (H) spindle cell thymoma with neural (meningothelial)
pattern (H&E, x20). H&E, hematoxylin and eosin.
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Figure 3 Immunohistochemical phenotype of spindle cell thymoma. Tumor cells with diffuse expression of (A) pancytokeratin (x4), (B)

CK5/6 (x10), (C) p40 (x4), and (D) Pax8 (polyclonal) (x10).

Thymic carcinoid tumors are unencapsulated neoplasms
that may be well circumscribed or widely infiltrative. The
cut surface is firm, gray and homogeneous and typically
lacks the characteristic lobulation seen in thymoma. Gross
areas of hemorrhage and necrosis are not usually identified
(10,14,15). At the microscopic level, these lesions are
characterized by an organoid growth pattern consisting of
nests, ribbons, cords or rosette-like structures surrounded
by delicate fibrovascular septa (Figure 44). The tumor
cells are monomorphic, small to medium-sized cells
with moderate amounts of cytoplasm, pale eosinophilic
cytoplasm, fine chromatin and inconspicuous nucleoli. In
contrast to classic thymic carcinoid tumors, in the spindle
cell variant, tumor cells have a fusiform shape and are often
arranged in a hemangiopericytic growth pattern (Figure 4B)
(16,17). Cytologic atypia is absent or mild and the mitotic
activity is low (up to 3 per 10 high power fields). Necrosis,
if present, is minimal (punctuate) (10).

The immunophenotype of these tumors is characterized
by reactivity for cytokeratin and various markers associated
with neuroendocrine differentiation, including synaptophysin,
chromogranin A and CD56 (Figure 4C,4D) (10,18). The
molecular characteristics of thymic neuroendocrine
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neoplasms are poorly understood and no diagnostic or
clinically actionable mutations have been identified (19).

Owing to its location, the prognosis for thymic carcinoid
tumors is often poor due to high tumor stage at the time
of diagnosis. As a result, the overall survival rate at 5 years
is around 50% which is significantly worse than that for
spindle cell thymoma (10,20). For this reason, separation
of the two entities becomes very important. While both
tumors occur in the adult population, thymic carcinoid
tumors are more commonly seen in male than in female
patients. In addition, these tumors not uncommonly elicit
paraneoplastic syndromes. While grossly, both tumors
can show similar features, at a histologic level, spindle
cell carcinoids typically lack fibrous bands, perivascular
spaces and the lymphoid infiltrate that is so characteristic
for spindle cell thymomas. On the other hand, spindle cell
thymomas may show striking neuroendocrine morphology
and immunohistochemical workup becomes indispensable
in this setting. By immunohistochemistry, both tumors
will express pancytokeratin but while spindle cell thymoma
is positive for p63/p40 and negative for neuroendocrine
markers the opposite is true for spindle cell carcinoid tumor
(Table 2).
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Table 2 Comparison of spindle cell thymoma and its closest mimickers

Mediastinum, 2023

Tumor type Clinical Histology IHC Molecular Prognosis
Spindle cell thymoma 5"-7" decade; Heterogeneous; classic type with CK?*, CK5/6%, p63/p40*,  GTF2l mutation Good
M=F storiform or diffuse growth; bland Pax8 (polyclonal)*
spindle/oval cells; scant lymphocytes
Spindle cell carcinoid 5" decade; M > F Monotonous spindle cells arranged in ~ CK", synaptophysin®, - Poor
tumor organoid patterns chromogranin®, CD56"
Sarcomatoid thymic 6" decade; M > F Solid or nested proliferation of CK’, CK5/6", CK7", p63/ - Poor
carcinoma malignant spindle cells; dense p40°, Pax8 (polyclonal),
collagenous stroma; + areas of spindle CD5"", c-kit"~
cell thymoma
SFT 6" decade; M = F Bland spindle cells in patternless CD34", STAT6", CK™ NAB2::STAT6 Good
pattern; keloid-like stroma; staghorn- fusion
like vasculature
Synovial sarcoma 4" decade; M > F  Cellular proliferation of monotonous TLE1", SS18-SSX'/SS18_ SYT::SSX fusion Poor
spindle cells; high mitotic activity; CT*, CK*~
inconspicuous stroma; mast cells;
staghorn-like vasculature
Dedifferentiated 56" decade;  Areas of well differentiated liposarcoma MDM2* MDM2 Poor
liposarcoma M=F and non-lipogenic sarcoma (spindle amplification
cell proliferation with variable mitotic
activity, nuclear pleomorphism)
Angiosarcoma 34" decade; Spindle cell proliferation with variable =~ CD31", CD34", ERG", - Poor
M=F degrees of vasoformation; increased CK*™~
mitotic activity; necrosis
Schwannoma 4"_g" decade;  Bland spindle cells with wavy S100%, SOX10* - Good
M=F appearance; Antoni A and B areas;
hyalinized blood vessels; lymphoid
aggregates
Inflammatory Children/young  Spindle cells with indistinct cell SMA™"; ALK*~ ALK gene Good
myofibroblastic adults; M =F borders; fascicular growth pattern; rearrangement
tumor mixed chronic inflammatory cell
infiltrate; low mitotic activity
Sarcomatoid Older adults; Spindle cells with nuclear atypia, CK’; other mesothelioma - Poor
mesothelioma M>F prominent nucleoli, increased mitotic markers variable
activity
Intimal sarcoma 5" decade; Spindle cells with varying degrees Variable MDM2 Poor
F>M of atypia and cellularity; subset with amplification

distinct differentiation; heterologous
elements possible

SFT, solitary fibrous tumor; M, male; F, female; IHC, immunohistochemistry; CK, cytokeratin; ERG, erythroblast transformation specific
related gene; SMA, smooth muscle actin; ALK, anaplastic lymphoma kinase.
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Figure 4 Spindle cell carcinoid tumor of the thymus. (A) Low power view of a thymic spindle cell carcinoid tumor characterized by tumor

cells arranged in a nested pattern (H&E, x4); (B) the tumor cells have fusiform nuclei with a salt-and-pepper chromatin pattern and low to

absent mitotic activity (H&E, x20); the tumor cells show diffuse reactivity with neuroendocrine markers, including (C) synaptophysin (x10)

and (D) chromogranin A (x10). H&E, hematoxylin and eosin.

Sarcomatoid thymic carcinoma

Thymic carcinomas composed of spindle-shaped tumor
cells are known as spindle cell or sarcomatoid thymic
carcinomas. These tumors are epithelial-derived high-
grade malignant tumors of the thymic gland; their spindle-
shaped nature and origin in the anterior mediastinum
is the reason why these tumors must be included in the
differential diagnosis of spindle cell thymoma. Sarcomatoid
thymic carcinomas occur in older adults with a slight male
predominance (21). Chest pain, dyspnea and cough are the
most common clinical symptoms.

Gross examination demonstrates well-circumscribed or
locally infiltrative tumors with a firm cut surface and with
foci of hemorrhage, necrosis and variable cystic change (21).
Microscopically, these tumors commonly present as a solid
proliferation of highly cellular spindle cells with fascicular
or hemangiopericytic growth patterns and cytologically
malignant features, including large, hyperchromatic nuclei
with prominent nucleoli and frequent mitotic figures (3 to
>10 mitoses per 10 high power fields) (Figure 54,5B). The
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malignant cells are separated by dense collagenous stroma.
Areas of hemorrhage, necrosis or cystic degeneration are
frequently observed. In some cases, these tumors may
display transition from spindle cell thymoma, indicating
potential progression from a lower grade malignancy
(21,22). Immunohistochemically, sarcomatoid thymic
carcinomas are positive for cytokeratin as well as CK5/6,
CK7, p63/p40 and polyclonal Pax8 (Figure 5C,5D) (8,22).
Reactivity of these tumors for markers commonly positive in
conventional thymic carcinomas, CD5 and CD117, is more
variable in the sarcomatoid type (21,22). Characteristic
molecular alterations that could be used for diagnostic or
therapeutic purposes have not yet been identified. Contrary
to spindle cell thymomas, sarcomatoid thymic carcinomas
pursue an aggressive clinical course, with 50% of patients
succumbing to the disease between 2 and 5 years after
diagnosis according to the largest reported series (21).

The separation of sarcomatoid thymic carcinoma from
spindle cell thymoma is primarily based on cytologic
features with the former being characterized by nuclear
pleomorphism, coarse nuclear chromatin, prominent

Mediastinum 2023;7:25 | https://dx.doi.org/10.21037/med-22-50
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Figure 5 Sarcomatoid thymic carcinoma composed of (A) spindle cells arranged in a fascicular pattern (H&E, x10); (B) individual tumor

cells demonstrate a degree of cytologic atypia and conspicuous mitotic figures (H&E, x20); by immunohistochemistry, the tumor cells are

positive for (C) pancytokeratin (x20) and (D) p40 (x10).

nucleoli, and increased mitotic figures. Contrary to
spindle cell thymomas, perivascular spaces and immature
lymphocytes are not typically identified in sarcomatoid
thymic carcinomas. Immunohistochemical workup is of
limited use in this particular context as both neoplasms will
show a similar immunophenotype (1zble 2).

SFT

SFTs are mesenchymal tumors that most commonly arise
in the visceral pleura and soft tissues but have also been
recognized in the mediastinum, especially in the anterior
and superior compartments (1). These tumors typically
display low-grade spindle cell features and can occur in the
vicinity of the thymic gland, thereby mimicking spindle cell
thymomas. Mediastinal SFT are usually seen in the older
population with a mean age in the 6™ decade and without
any specific sex predilection (23,24). Symptoms are related
to mass effect of the tumor on neighboring organs and
include chest pain, dyspnea and shortness of breath.
Grossly, mediastinal SET are often large circumscribed
but unencapsulated masses that can exceed 15 cm in

© Mediastinum. All rights reserved.

size and show a tan-gray and firm cut surface (23,24). At
microscopic examination, the low power appearance of the
tumors is characterized by a “patternless pattern”, in which
bland spindle-shaped tumor cells are arranged as randomly
distributed hypo- and hypercellular areas (Figure 64). Other
growth patterns include fascicular, storiform, palisaded
or herringbone patterns. Cytologic atypia is typically
absent and mitotic activity is low. The stroma is heavily
collagenized and often displays a keloid-like or carrot-shred
quality (Figure 6B). Staghorn-like (hemangiopericytoma-
like) vessels are commonly identified in these tumors (23,24).
As all SFT are potentially malignant tumors, a four-criteria
risk stratification model, which takes into account patient
age, tumor size, mitotic activity and necrosis, is currently
used to predict the risk of metastasis (25,26).
Immunohistochemically, the tumor cells of SE'T show
strong expression of CD34 and nuclear reactivity for
STATG (Figure 6C,6D) (27-30). The latter is the result of
a characteristic NAB2::STAT6 fusion transcript that has
been identified in these tumors (31,32). Complete surgical
resection is the treatment of choice for mediastinal SFT,
both for primary tumors and recurrent disease (23,24,33-37).
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Figure 6 Mediastinal SFT. (A) SET with a characteristic “patternless pattern” (H&E, x4); (B) keloid-like collagen is a common finding in
these tumors (H&E, x10); immunohistochemical expression of (C) CD34 (x10) and (D) STAT6 in a mediastinal SFT (x10). SET; solitary

fibrous tumor; H&E, hematoxylin and eosin.

SFTs can easily be mistaken for spindle cell thymomas,
especially when displaying more cellular areas. Both tumors
are composed of bland tumor cells, however, spindle cell
thymomas will also contain a subtle lymphocytic infiltrate,
in addition to delicate fibrous bands and perivascular
spaces unlike SFT. In addition, immunohistochemical and
molecular characteristics may be exploited to distinguish
these two entities: while spindle cell thymomas will show
strong expression of cytokeratin and p63/p40 and negative
staining for STATG, the opposite is true for SET. On a
molecular level, SET harbor a NAB2::STAT6 fusion gene
which can be used for diagnostic purposes (Tuble 2).

Synovial sarcoma

Synovial sarcoma is an aggressive spindle cell sarcoma that
most commonly occurs in the soft tissue of young adults. In
the thoracic cavity, most of these tumors involve the chest
wall or lung, while the mediastinum is an exceptionally rare
primary site accounting for <10% of all thoracic synovial
sarcomas (38). Since most mediastinal synovial sarcomas
arise in the anterior mediastinal compartment, these tumors
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may easily be mistaken for spindle cell thymomas. Most
mediastinal synovial sarcomas occur in young adult patients
with a mean age of 35 years and with a male predominance.
Patients present with chest pain, shortness of breath, and
pleural effusion or with constitutional symptoms, including
fever, weight loss, and weakness (39).

Grossly, mediastinal synovial sarcomas are large tumors
(range, 5 to 20 cm). The cut surface shows gray-white to
tan tumors with a soft, gelatinous or firm consistency and
foci of hemorrhage and necrosis. Variable cystic changes
may be observed. Microscopically, synovial sarcomas
can display two major growth patterns, monophasic and
biphasic types. Most mediastinal synovial sarcomas are of
the monophasic type and consist of a monotonous spindle
cell proliferation arranged in various growth patterns,
including sheets, fascicles, storiform, hemangiopericytic or
herringbone patterns (Figure 74) (40). The tumor cells have
oval to spindle-shaped nuclei, inconspicuous nucleoli and
indistinct eosinophilic cytoplasm. Nuclear pleomorphism
is not prominent but mitotic activity can be increased (2 to
12 mitoses/10 high power fields) (Figure 7B). The stroma
is typically inconspicuous and the reason why the tumors

Mediastinum 2023;7:25 | https://dx.doi.org/10.21037/med-22-50
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Figure 7 Mediastinal synovial sarcoma. (A) Synovial sarcomas are typically highly cellular spindle cell lesions (H&E, x4); (B) the tumor cells
are monomorphic and mitotically active (H&E, x20); (C) synovial sarcoma with dense stromal collagen (H&E, x10); (D) biphasic synovial
sarcoma characterized by glandular structures in addition to the spindle cell component (H&E, x10); (E) poorly differentiated synovial
sarcoma demonstrating small round tumor cells with rhabdoid features (H&E, x10); (F) cytokeratin immunohistochemical expression in a

biphasic synovial sarcoma is restricted to the glandular component (x10); novel markers for synovial sarcomas include (G) TLE1 (x10) and
(H) SS18-SSX (x10). H&E, hematoxylin and eosin.
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appear highly cellular. After treatment, the stroma may
become more prominent and consist of thick collagen
or myxoid fibroconnective tissue (Figure 7C). Other
characteristic findings in these tumors are the presence of
vessels with a hemangiopericytoma-like or staghorn-like
appearance, dystrophic calcification, scattered mast cells and
cystic changes (39).

In the biphasic variant, the spindle cells are intermixed
with glandular or pseudopapillary structures composed
of round, cuboidal or columnar cells with oval nuclei and
abundant eosinophilic cytoplasm (Figure 7D) (39). In primary
mediastinal synovial sarcomas, a third variant is sometimes
recognized, the so called poorly differentiated synovial
sarcoma. This subtype consists of highly cellular round or
oval cells with hyperchromatic nuclei, rhabdoid cytoplasmic
features, high mitotic index and necrosis (Figure 7E) (39).

More than 90% of synovial sarcomas are characterized
by a unique #(X; 18)(p11.2; ¢q11.2) translocation resulting
in the fusion of the SY7T gene on chromosome 18 to either
one of three closely related genes, SSX1, SSX2, and SSX4
on chromosome X (41). Hence, molecular testing for this
specific translocation is a valuable aid in the workup of these
tumors.

By immunohistochemistry, mediastinal synovial sarcomas
are characterized by expression of cytokeratins and epithelial
membrane antigen in single cells in the monophasic
variant and in the glandular component of biphasic tumors
(Figure 7F) (39,42,43). More recently, several novel markers
have been introduced to identify these tumors. Among
these, TLE1 and SS18-SSX are two new antibodies that
have been proven useful as a screening tool to identify
cases in which molecular genetic testing is likely positive
(Figure 7G,7H) (44,45). In this context, it has to be noted
that TLEI is only moderately specific for synovial sarcoma
and can be expressed in a range of other neoplasms,
including potential mimics (46) while SS18-SSX is highly
specific but not completely sensitive. In this scenario, a SSX
C-terminus antibody can be added to positively identify
synovial sarcomas with non-SS18 fusions or if negative, to
exclude the diagnosis altogether (45,47).

Surgery is the primary treatment for mediastinal
synovial sarcomas and completeness of resection appears
to be the main factor influencing patient survival (48).
Patients with these tumors have an unfavorable prognosis
with a 5-year overall survival rate of 35.7% compared to
50-80% for synovial sarcomas arising in the soft tissues
(48-50). Multiple lines of therapy, including chemotherapy
and/or radiotherapy are often used for advanced stage
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disease, tumor progression and incomplete surgical
resection (48,49,51,52).

The monophasic variant of synovial sarcoma is the one
most prone to be mistaken for spindle cell thymoma. Both
tumors are cellular spindle cell lesions with monomorphic
appearance. However, while tumor cells may be rather
bland in both entities, those in synovial sarcoma are
mitotically active. Furthermore, distinct lobulation,
lymphocytic infiltrate and perivascular spaces are features
seen in spindle cell thymoma but not in synovial sarcoma. If
tumor morphology is inconclusive, immunohistochemistry
and/or molecular analyses can be performed and will show
strong and diffuse staining with cytokeratin and p63/p40
in spindle cell thymoma while synovial sarcomas will be
strongly and diffusely positive for TLE1 and SS18-SSX.
Likewise, synovial sarcomas will display SS18::SSX fusion,
unlike spindle cell thymoma (7able 2).

Dedifferentiated liposarcoma

Primary mediastinal liposarcomas account for less than
1% of all mediastinal tumors and up to a third of these
correspond to the dedifferentiated type (53-59). The
latter are histologically characterized by areas of a well
differentiated liposarcoma admixed with a sarcoma that
lacks obvious adipocytic differentiation by morphologic
examination. Dedifferentiated liposarcomas, in particular,
can mimic spindle cell thymomas since the dedifferentiated
component often presents as an undifferentiated spindle
cell neoplasm and the well differentiated liposarcoma
component may be inconspicuous. These tumors affect
adult patients with a mean age at presentation in the 5"
to 6" decade and with equal sex distribution (54,57-60).
Cough, dyspnea, dysphagia and chest pain are the most
common presenting symptoms, usually due to mass effect
on neighboring organs, however, some patients may be
entirely asymptomatic despite large tumor size (54,57-60).
Mediastinal liposarcomas are typically large lobulated
tumors with a size up to 60 cm (54,58,60). Dedifferentiated
liposarcomas will show areas grossly resembling mature
fatty tissue representing the well differentiated component
juxtaposed with firm solid areas representing the non-
lipogenic spindle cell sarcoma (Figure 8§4). Areas of
hemorrhage and necrosis may be seen in the latter (54,58,60).
The microscopic appearance of the non-lipogenic sarcoma
can be highly variable and range from less cellular to highly
cellular spindle cell proliferations arranged in solid sheets,
whorled or hemangiopericytic patterns (Figure §B). Cytologic
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Figure 8 Mediastinal dedifferentiated liposarcoma: (A) a well differentiated liposarcoma component (right) is juxtaposed with dedifferentiated

areas (left) (H&E, x4); (B) the non-lipogenic elements may have a hemangiopericytoma-like growth pattern (H&E, x10); cytologically, the
dedifferentiated tumor may show (C) high-grade (H&E, x10) or (D) low-grade features (H&E, x20). H&E, hematoxylin and eosin.

atypia, mitotic activity and presence of hemorrhage or
necrosis can vary from tumor to tumor (Figure 8C,8D).
Likewise, the stroma may range from highly collagenized to
myxoid in appearance. The well differentiated component
may be inconspicuous or absent and close attention should be
paid to the edges of the dedifferentiated elements to identify a
rim of background well differentiated liposarcoma composed
of mature adipose tissue with variably sized adipocytes, bands
of fibrotic stroma and atypical spindle cells that may mimic
adipose tissue with reactive changes.

The value of immunohistochemistry for the diagnosis
of dedifferentiated liposarcomas remains limited due to
an often non-specific immunophenotype. On a molecular
level, well differentiated and dedifferentiated liposarcomas
are characterized by amplification of the 12q13-15 region,
including MDM?2 and CDK4 which is detectable by
immunohistochemistry and fluorescence in situ hybridization
(FISH) (61-64).

As a group, mediastinal liposarcomas are characterized by
a high rate of recurrence (approximately 30%) and overall
mortality of 30-50% and hence the overall prognosis for
these patients remains poor. Complete surgical resection

© Mediastinum. All rights reserved.

is not only the treatment of choice but is also an important
prognostic factor associated with better overall survival
(59,65).

Dedifferentiated liposarcoma may closely resemble
spindle cell thymoma, particularly if the well differentiated
component is not recognized or not sampled sufficiently. If
morphological details are inconclusive, immunohistochemical
workup is indicated and would support a diagnosis of
spindle cell thymoma if diffuse keratin reactivity is seen
in combination with expression of p63/p40. On the other
hand, if these markers return negative and no other specific
immunophenotype is recognized, FISH analysis to identify
MDM?2 amplification may be indicated and if positive would
support a diagnosis of dedifferentiated liposarcoma instead
(Table 2).

Miscellaneous other spindle cell neoplasms

There are various other benign and malignant spindle cell
neoplasms that can be included in the differential diagnosis
of spindle cell thymoma. These are either very rare or more
commonly encountered in other mediastinal compartments.
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Figure 9 Miscellaneous spindle cell neoplasms of the mediastinum. (A) Mediastinal angiosarcoma presenting as a cellular spindle cell

tumor (H&E, x10); (B) immunohistochemistry for ERG in a mediastinal angiosarcoma (x10); (C) spindle cells with a wavy configuration

are characteristic for schwannomas (H&E, x10); (D) the tumor cells of a schwannoma are diffusely positive for S100 protein (x10); (E)

inflammatory myofibroblastic tumor composed of bland spindle cells admixed with an inflammatory cell infiltrate (H&E, x10); (F) reactivity

for smooth muscle antigen in a mediastinal inflammatory myofibroblastic tumor (x10). H&E, hematoxylin and eosin; ERG, erythroblast

transformation specific related gene.

Nevertheless, their tumor morphology may show sufficient
similarities with that of spindle cell thymoma to be
summarized here.

Only few cases of primary angiosarcoma of the
mediastinum have been described accounting for less than
1% of mediastinal tumors (66). Many of these tumors are
comprised of spindle cells and composed of large, cavernous
vascular structures, capillary proliferations, slit-like vascular

© Mediastinum. All rights reserved.

channels, or solid sheet-like tumor cells (Figure 94). While
low-grade tumors display spindle cells with minimal
cytologic atypia and retain the capacity to form vascular
structures, high-grade tumors may lose their vasoformative
properties. In the latter, necrosis is commonly identified and
the mitotic activity is often increased (66,67). Expression
of vascular immunohistochemical markers, including

factor Ill-related antigen, CD34, CD31, and erythroblast
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Figure 10 Miscellaneous spindle cell neoplasms of the mediastinum. (A) Sarcomatoid mesothelioma composed of pleomorphic spindle

cells arranged in a haphazard pattern (H&E, x10); (B) the tumor cells of a sarcomatoid mesothelioma are highlighted by a pancytokeratin

immunostain (x10); (C) intimal sarcoma characterized by an undifferentiated cellular spindle cell proliferation with central necrosis (H&E, x10);

(D) this particular case displayed variable reactivity with smooth muscle actin by immunohistochemistry (x10). H&E, hematoxylin and eosin.

transformation specific related gene (ERG) is characteristic
for these tumors and allows separation from spindle cell
thymoma (Figure 9B, Tuble 2).

Neurogenic tumors predominantly occur in the posterior
mediastinum but can occasionally also arise in the anterior
mediastinal compartment (68). Among these, the bland
spindle cells of schwannoma are particularly prone to be
mistaken for spindle cell thymoma (Figure 9C). Careful search
for characteristic Antoni A (high cellularity) and Antoni B (low
cellularity) areas and hyalinized vessels will likely point to the
correct diagnosis; if needed, immunohistochemical analysis
will reveal tumor cells positive for S100, SOX10 and neuron-
specific enolase (Figure 9D, Tuble 2).

Inflammatory myofibroblastic tumors are rare
mediastinal lesions, most commonly occurring in young
adult patients (69). Due to their composition of bland
myofibroblastic spindle cells and diffuse inflammatory cell
infiltrate, these tumors may be mistaken for spindle cell
thymoma, especially if arising in the anterior mediastinum
(Figure 9E). Contrary to spindle cell thymoma, these
tumors are characterized immunohistochemically by diffuse
expression of vimentin and variable reactivity for smooth

© Mediastinum. All rights reserved.

muscle actin. Approximately 50% of these tumors will be
positive for anaplastic lymphoma kinase (ALK) protein
which correlates well with ALK gene rearrangement in
these tumors (Figure 9F, Table 2) (70).

The spindle cell variant of mesothelioma (sarcomatoid
mesothelioma) may rarely involve the anterior mediastinum.
This tumor is composed of fusiform tumor cells arranged
in fascicular or storiform patterns and may thus resemble
spindle cell thymoma. Close attention should be paid to
the cytologic characteristics which will usually demonstrate
atypical spindle cells with hyperchromatic nuclei, prominent
nucleoli and increased mitotic activity (Figure 10A4) (71).
The immunophenotype of these tumors is very limited
and reactivity is often limited to pancytokeratin and only
variable expression of other mesothelial markers (CK5/6,
calretinin, WT-1, etc.) (Figure 10B) (72). Contrary to
spindle cell thymomas, these tumors are typically negative
for p63/p40 (1able 2).

Intimal sarcoma typically arises in the pulmonary arteries
of the right ventricular outflow tract of the heart but can
involve the anterior mediastinum by direct extension.
These tumors can show a wide spectrum of differentiation,
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ranging from undifferentiated fibroblastic/myofibroblastic
tumors to sarcomas with distinct differentiation, such
as rhabdomyosarcoma or angiosarcoma among others
(Figure 10C) (73). These tumors are often hypercellular
and will show varying degrees of cytologic atypia, necrosis
and mitotic activity which should serve to distinguish them
from spindle cell thymoma. In addition, close attention
should be paid to the tumor origin as demonstrated on
radiologic imaging, gross and microscopic examination.
Immunohistochemically, these tumors will show a variable
phenotype depending on the tumor subtype (Figure 10D);
however, these neoplasms are generally negative for
cytokeratin, CK5/6 and p63/p40 allowing distinction from
spindle cell thymoma. Another diagnostic tool includes
amplification of MDM?2 which is a characteristic alteration
in the majority of these tumors (1able 2) (74).
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