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ABSTRACT

Objective: Alveolar soft part sarcoma (ASPS) is characterized by distinctive histomorphology of variably discohesive epithelioid cells arranged
in nests and translocation of t(x;17) (p11.2;q25) resulting in ASPSCRI-TFE3 fusion. The aim of the present study is to review the clinical,
histopathological, and immunohistochemical profile of ASPS with a focus on unusual histological features.

Material and Methods: The present study is retrospective and descriptive. All cases with a diagnosis of ASPS were retrieved with clinical and
radiology details.

Results: 22 patients of ASPS were identified. The most common site was the lower extremity and the size range was 3-22 cm. 54.5% of the patients
had metastasis, with the lung as the most common site. Metastasis preceded detection of primary tumour in two cases. All cases showed similar
histopathology of monomorphic epithelioid cells arranged in nests encircled by sinusoidal vasculature. Architecturally, the organoid pattern
(81.8%) was followed by the alveolar pattern. 68.2% of the cases showed apple bite nuclei as the predominant nuclear feature. Rare nuclear
features included binucleation (n=13), multinucleation (n=8), pleomorphism (n=4), nuclear grooves in three cases and intranuclear inclusion
in one case, mitosis (n=>5), and focal necrosis (n=6). All cases were positive for TFE3 and negative for AE1/AE3, EMA, HMB45, PAX8, MyoD1,
SMA, synaptophysin, and chromogranin. Only two cases showed focal S100 positivity while one showed focal desmin positivity.

Conclusion: Diffuse strong nuclear TFE3 positivity is sensitive for ASPS in an appropriate clinicoradiological context. Due to the high propensity

for early metastasis, complete metastatic work-up and long term follow up is recommended.
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INTRODUCTION

Alveolar soft part sarcomas (ASPS) are rare soft tis-
sue tumors of uncertain histogenesis having a distinctive
histomorphological appearance of variably discohesive
epithelioid cells arranged in nests and have a specific trans-
location of t(x::17)(p11.2;q25) resulting in ASPSCRI-TFE3
fusion (1).

Marked histologic overlap with other tumors, and tumor
at unusual site and unusual clinical presentation with mass
at the metastatic site prior to the identification of the pri-
mary make the diagnosis tricky. The differential diagnoses
include a broad range of mesenchymal and non-mesenchy-
mal neoplasms such as paraganglioma, PEComa, granular
cell tumor, metastatic carcinoma such as metastatic renal
cell carcinoma, hepatocellular carcinoma, and adrenal cor-
tical carcinoma.

The present study analyzes the clinical, histopathological,
and immunohistochemical profile of ASPS and clinical
outcomes in cases, wherever available. Particular emphasis
was given on the unusual histological features. The differ-
ential diagnosis and potential pitfalls in the current era of
the increasing spectrum of TFE3 rearranged tumors have
been highlighted.

MATERIAL and METHODS

The present study is retrospective and all cases with a his-
topathological diagnosis of ASPS were retrieved from the
archives of the department of Oncopathology from 2012 to
2021 at a tertiary care cancer center. Demographic, clinical,
and radiological data were retrieved from the case records.
Cases with non-availability of either immunohistochem-
istry (IHC) or paraffin blocks were excluded. Histomor-
phological and immunohistochemical characteristics were
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analyzed in each case. TFE3 immunohistochemistry was
performed wherever unavailable. The histological param-
eters evaluated were growth pattern, presence of crystals
confirmed by periodic acid-Schiff stain with diastase (PAS-
D), nuclear features, presence of inflammation, fibrous sep-
ta, vascular invasion, necrosis, cystic change and myxoid
change.

RESULTS

A total of 22 patients (0.4%) with ASPS out of 5541 soft
tissue sarcomas were identified from 2012 to 2021. The
patient age range was 2-47 years and the median age was 27
years. The M:F ratio was 0.8:1. The most common site was
the lower extremity in 45% (10/22) of the cases followed by
the upper extremity 27.3% (6/22) of the cases, retroperito-
neum in 18.1% (4/22) cases and one case each in the head
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and neck, chest wall, and lung. Clinical, radiological, and
outcome details are given in Table I.

Tumor size varied from 3 cm to 22 cm with a mean size of
7.8 cm. Lymph node metastasis was seen in 2 cases only.
Distant metastasis (54.5%;12/22) was more frequent than
lymph node metastasis. Out of these 12 cases with metasta-
sis, 91.7% of the patients had synchronous metastasis while
three showed metachronous metastasis. The lung was the
most common site (90.9%) followed by the brain, bone,
and liver (Figure 1). In one case of ASPS of the forearm, an
unusual site of metastasis was bilateral nasal cavities, with
biopsy showing a submucosal tumor. Five patients amongst
these had multiple site metastasis. The metastasis preceded
detection of the primary tumor in two cases. One case pre-
sented with a posterior fossa mass and the second case with

Figure 1: A) MRI pelvis showing heterogeneously enhancing 13x10x11 cm3 soft tissue lesion with lytic lesion in left iliac bone and left
acetabulum which is hypointense in T1W and heterogenous hyperintense T2W, B) Gross of ASPS showing multilobular fleshy tumour
with lymphovascular invasion, C) Axial CT thorax revealed presence of multiple metastatic lesions of variable sizes, diffusely scattered in
both lung fields, D) CT skull show dural based metastasis.
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a pathological fracture of the right femur, and both were
diagnosed as ASPS on biopsy. Subsequently, PET revealed
a primary mass in the left iliac region and the right thigh
respectively. Thus, most cases presented with AJCC stage
IV at the time of diagnosis (54.5%;12/22), followed by stage
IITa (22.7%; 5/22), stage I (13.6%; 3/22), and stage II (0.9%;
2/22).

One patient with T-ALL post remission showed ASPS in
the left paravertebral location, post remission. The sibling
of the patient also had T-ALL and developed glioblastoma
4 years post remission. The patient was further evaluated
and diagnosed with constitutional mismatch repair defi-
ciency syndrome (CMMRD) with a homozygous deletion
(chr7:6026910; delC) detected in exon 11 of the PMS2 gene.

Microscopically, all cases showed a multilobular architec-
ture separated by fibrotic bands. The most predominant
architecture pattern of the tumor cells within the lobules
was the organoid pattern (81.8%;18/22) followed by the
alveolar pattern (n=4) encircled by sinusoidal capillary vas-
culature (Figure 2A,B). The size of the nests was variable
with the number of cells in one nest varying from 10 cells
to as many as 200 cells. Focal solid areas without any inter-
vening vasculature were seen in 3 cases (Figure 2C). Thick
fibrotic bands were seen in 50% (n=11) of the cases (Figure
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2D). The rare architectural features noted were infiltration
of single cells in septa and focal spindling of tumor cells in
3 cases each (Figure 2E).

Cytologically, tumor cells were epithelioid or polygonal
with abundant eosinophilic granular cytoplasm in 91% of
the cases and predominantly clear cytoplasm in 2 cases.
It was also noted that the cytoplasm was more condensed
near the nucleus and clearing towards the edge of the cell.
The classically described round to oval nuclei with vesicular
chromatin and prominent eosinophilic nucleoli with aniso-
nucleosis was a major feature (>50% of the tumor nuclei) in
only 31.8 % (7/22) of the cases (Figure 2F) while in 68.2%
(15/22) of the cases the majority of the nuclei showed
wrinkling and a concave nuclear contour without nucleoli,
described as apple bite nuclei (Figure 3A). Rare nuclear
features included binucleation (n=13), multinucleation
(n=8), pleomorphism (n=4), and nuclear grooves in three
cases and intranuclear inclusion in one case (Figure 3B-F).
Mitotic activity in general in ASPS is rare with only 5 cases
showing occasional mitoses. Necrosis was infrequent and
focally seen only in 6 cases. A lymphovascular embolus was
a common phenomenon seen in 50% of the cases. None of
our cases showed perineural invasion. Intratumoral hemor-
rhage in the center of the nests was seen in 2 cases.
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Figure 2: Histomorphological features of ASPS, A) Alveolar pattern (H&E, x100), B) Organoid pattern with spindling (H&E, x100),
C) Solid pattern (H&E, x100), D) Thick fibrous septae (H&E, x100), E) Single cell infiltration in septae (H&E, x100), F) Classical
vesicular nucleus with prominent eosinophilic nucleoli (H&E, x400).
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Many cells with PAS-D positive rod-like crystalline struc-
tures in a sheaf-like or stacked configuration in the cyto-
plasm were seen in 5 cases while this was seen in occasional
cells in 3 cases (Figure 3G). There was no significant inflam-
matory host response in any case. There were focal intratu-
moral lymphocytes in 2 cases but peritumoral lymphocytes
were seen in only one case. Other inflammatory cells such
as plasma cells, granulocytes and histiocytes were absent.

IHC was performed in all cases to rule out paraganglioma,
PEComa, granular cell tumor, metastatic carcinoma such as
renal cell carcinoma, hepatocellular carcinoma, or adreno-
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cortical carcinoma that can mimic ASPS as per the clinical
context and morphological features. All cases showed dif-
fuse nuclear positivity for TFE3 (Figure 3H) and consistent
negativity for AE1/AE3, EMA, vimentin, HMB45, PAXS,
MyoD1, SMA, synaptophysin, and chromogranin. Only
two cases showed focal S100 positivity while one showed
focal desmin positivity (Figure 3I). Histomorphological
and THC details are given in Table II.

All except one patient with localized disease of stage I-IIT
were treated with surgical resection with clear margins,
with no evidence of disease on follow-up.

8 N o L aa 4

Figure 3: Unusual Histomorphological features of ASPS, A
(H&E, x400), C) intranuclear inclusion (H&E, x400), D) mitosis (H&E, x400), E) multinucleation (H&E, x400), F) nuclear pleomorphism
(H&E, x400), G) PAS D positive needle shaped crystals (PAS-D, x400), H) Diffuse nuclear TFE positive (IHC, x400), I) Focal desmin
positive (IHC, x400).
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Response was noted in 5 cases with tumor size <5 cm while
only 3 cases out of 16 cases with a diameter >5 cm showed no
evidence of disease on follow up. It was not affected by site
in our study. A single patient of ASPS of the lung with stage
I was treated with chemotherapy and radiotherapy with no
response, rather progression of disease with metachronous
metastasis to the liver and bone. All patients with dissemi-
nated disease i.e. stage IV were treated with anthracycline
based chemotherapy and radiotherapy of 10 cycles of 30
gray. On regular follow-up, radiologically, no response but
rather progression of disease was seen with increase in the
size of the tumor at the primary site as well as an increase in
the size of the metastasis. Out of 4 paediatric patients (age
<17 years), a response was only noted in one case each of
stage I and stage II cancers while another two of stage IV
disease showed no response. No hospital death was report-
ed in any patient. All were alive with disease in the limited
period of follow-up ranging from 4 to 108 months.

DISCUSSION

ASPSs are rare soft tissue tumors that constitute < 1% of all
soft tissue sarcomas (1-3). The present study mirrors simi-
lar findings with only 0.4% the cases of ASPS out of all soft
tissue sarcomas diagnosed over a period of 10 years. Studies
have established that ASPS affects more commonly young
adults; concordantly the age range in the present cohort
was 2-47 years with four pediatric patients (1-16). The lit-
erature has a well documented female to male predomi-
nance before the age of 30 years, with a reversed ratio for
older ages (1-7). Our study also corroborates these findings
with the M:F ratio being 0.6:1 in patients less than 30 years
while all three patients of age >30 years were male. How-
ever, Rekhi et. al. reported a male preponderance in their
study (3). The prominent predilection for the extremities in
our series is also well reflected in earlier studies (1-3,7,10).
A rare site seen in the present series was primary pulmo-
nary ASPS in a 25-year male without evidence of soft tissue
tumor elsewhere at the time of initial diagnosis confirmed
by the PET scan. To the best of our knowledge, only three
cases of primary pulmonary ASPS have been reported in
the English literature till date (8).

The clinical course in our series illustrates the high inci-
dence of metastatic disease at the time of diagnosis with
50% of the cases. Many studies have reported metastatic
disease at diagnosis in 55% to 65% of the patients (4,7).
The most common metastatic site was the lung while brain
metastasis was always a part of disseminated metastasis and
never occurred in isolation, a phenomenon also observed
by Portera et al. and Keyton et al (7,10). In our study, in
two cases, metastases was detected prior to the finding of a
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primary, a phenomenon also encountered by other authors
(2,12). One of our cases with the primary in the forearm
also presented with metastasis in the nasal cavity which
is not reported as the site of metastasis in any of the large
series, though rare cases of primary sinonasal ASPS have
been reported (1,3,7,9-12). Metastases to the lymph nodes
are uncommon and were seen in only 2 cases in the present
cohort. Portera et al. reported lymph node metastasis in a
single patient only out of 70 cases (7). Our study had the
first reported case of ASPS in patients with CMMRD (13).
CMMRD is a childhood cancer predisposition syndrome
caused by biallelic pathogenic variants in one of four mis-
match repair (MMR) genes, i.e., MLHI, MSH2, MSH6 and
PMS2. 1t is classically associated with hematological, brain,
and intestinal malignancies but rare in sarcoma. Only 30
MMR deficient bone and soft tissue sarcomas including
3 ASPS were encountered in the literature (13,14). ASPS
metastasis to the breast is considered extremely rare and is
reported only in a handful of cases but was seen in one of
our cases (15).

ASPS is known to have a very classical histomorphology
showing very little variation from case to case and site to
site. However, the diagnosis is challenging because of mor-
phological overlap with other tumors, particularly on small
biopsies and uncommon sites of occurrence or evaluation
of metastatic site prior to identification of primary such as
in biopsies from the posterior fossa, bone, or nasal cavity
in the present series. Difficulties are further confounded by
the occurrence of rare morphologic features particularly in
biopsies such as solid pattern, clear cytoplasm, and unusual
nuclear features.

With regard to the pattern, the tumor always had a lobu-
lar architecture with variably thick fibrous septae separat-
ing the lobules. We noted a significant preponderance of
a ‘non-alveolar’ organoid growth pattern over the alveolar
pattern, despite the name of the entity. This needs to be kept
in mind, particularly when looking at a small biopsy.

Focal clear cytoplasm seen in two of our cases as a domi-
nant feature raises the possibility for these cases to be con-
fused with other clear cell tumors. The cells were also found
to have a feathery kind of cytoplasm with condensation of
the cytoplasm around the nucleus with pale cytoplasm at
the periphery giving a lacy skirt kind of appearance.

Most of the studies in the literature including WHO 2013
and the latest WHO 2020 classification of tumors of soft
tissue have emphasized vesicular nuclei with prominent
eosinophilic nucleoli as a characteristic feature of ASPS but
it was not the most prominent finding in the present series
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(1-12). The dominant nuclear feature (>50% of tumor
nuclei) were bland nuclei with marked nuclear folding
leading to concave, apple bite, and crenated nuclei without
any nucleoli in nearly 68.2% of the cases and these nuclei
were focal in the rest of the patients. These features were
first observed by Fanburg-Smith et al. and Chatura et al. in
lingual ASPS but it was an universal finding in the present
series, independent of site (12,16). We also observed focal
nuclear grooves in 3 cases which are not documented in
the literature. Intranuclear inclusion was seen in one case
and also observed in two cases by Rekhi et al (17). Aware-
ness of these nuclear features is important and should not
deviate one from the diagnosis of ASPS due to the absence
of classical vesicular nuclei, particularly in small biopsies.
The exact molecular pathogenetic relation between spe-
cific cellular-level structural features and cancer genes is
not known. Nucleolar enlargement classically is associated
with increased ribosome production, and production of
new ribosomes appears essential for cell-cycle progression.
Nuclear envelope irregularity may be the effect of down-
stream signaling pathway of the aberrant transcription fac-
tor ASPSCR1-TFE3 altering the structure of the nuclear
membrane (18,19). Other rare features such as multinuclea-
tion and pleomorphism have been observed in other stud-
ies also but with no prognostic significance (2,3,12). Focal
mucinous and cystic change reported in the literature was
not seen in any of our cases.

Based on morphology, the differential diagnoses consid-
ered in the present study were paraganglioma, granular
cell tumor, metastatic renal cell carcinoma, adrenocortical
carcinoma, hepatocellular carcinoma, rhabdomyosarcoma,
PEComa, and melanoma. Previously there was no spe-
cific marker for diagnosis of ASPS but the discovery of an
unbalanced t(X::17) resulting in a fusion of the ASPL gene
on chromosome 17 to the TFE3 gene on chromosome X
changed this scenario (1,5). Recently, novel HNRNPH3-
TFE3, DVL2-TFE3, and PRCC-TFES3 fusions have also been
identified (6). Thus, immunodetection of the C terminus
of the TFE3 protein in ASPS was considered a diagnostic
landmark, but it should be interpreted carefully since the
list of tumors with TFE3 immunopositivity is increasing.
Cathepsin K is a cysteine protease abundantly expressed by
osteoclasts and its expression is driven by microphthalmia
transcription factor (MITF). TFE3 also belongs to the same
transcription factor subfamily as MITE. It is hypothesized
that the TFE3 fusion proteins function like MITF in the
neoplasms, and thus activate cathepsin K expression which
can be detected by IHC (20).
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TFE3 rearrangements are not specific to ASPS but have also
been identified in a subset of PEComa and a Mit Trans-
location renal cell carcinoma, both of which are morpho-
logical mimickers of ASPS. TFE3 immunoreactivity is not
specific for TFE3 rearranged tumors, - Williams et al. have
documented TFE3 positivity in four cases of granular cell
tumors while Rekhi et al. observed TFE3 positivity in 28.5%
of granular cell tumor (2,3). Cathepsin K immunoexpres-
sion is non-specific and has been reported in renal cell
tumors, granular cell tumors, as well as numerous addition-
al sarcomas including Kaposi sarcoma, liposarcoma, chon-
drosarcoma, undifferentiated pleomorphic sarcoma, and
leiomyosarcoma (21). Granular cell tumors are diffusely
immunopositive for S100, SOX10 and inhibin, which are
negative in ASPS. There was focal weak S100 positivity in
one of our tumors. Cytoplasmic granules can be also seen in
granular cell tumor but PAS-positive diastase-resistant rod-
like/rhomboid crystalline inclusions seen in 36.4% of the
cases in the present series are specific for ASPS, and can be
highlighted with MCT1 and CD147 immunostains while
cytoplasmic granules in granular cell tumor are CD68 posi-
tive (1,3). Though TFE3 positivity have been reported in
paraganglioma but immunopositivity for neuroendocrine
markers, with S100 highlighting sustentacular cells, helps
differentiate them from ASPS (3). PAXS, pan cytokeratin,
CD10 negativity helps in ruling out renal cell carcinoma
which is further substantiated by the absence of a renal mass
on radiology. Negative immunostaining for vimentin and
Melan-A ruled out an adrenocortical carcinoma. S100-P,
HMB45, and Melan-A negativity in tumor cells ruled out
a melanoma. Focal desmin positivity was seen in two of
our cases but the lack of nuclear positivity for MyoD1 and
myogenin ruled out a rhabdomyosarcoma. PEComa is dif-
ferentiated from ASPS due to its reactivity for HMB45 but
recently aberrant expression of HMB45 was also reported
in ASPS, though both tumors are TFE3 rearranged, diag-
nosis of ASPS was favored based on presence of PAS-D
needle crystals in ASPS (21). Translocation analysis can
be performed, when necessary, and is the diagnostic ‘gold’
standard but one should be aware of other TFE3 rearranged
tumors while interpreting the results (3,21).

None of our cases showed extensive mitosis or necrosis
which are considered classical features of high-grade sarco-
ma. Despite thatbiological behavior of ASPS is aggressive,
hence FNCLCC Histological Grading System isn’t used for
them, all ASPS by definition are considered high grade (1).
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The management of ASPS typically involves surgical resec-
tion for localized disease, which was performed in 8 cases
and was curative. Anthracycline-based chemotherapy with
or without radiotherapy was given for disseminated tumors
with metastases in 10 cases and for localized disease in one
case. It was largely ineffective with no response in any case
and rather progression of disease was noted in all cases in
present series. A search for novel therapies and their eval-
uation is being done in clinical trials. Molecular targeted
treatment has been increasingly utilized. Vascular endothe-
lial growth factor receptor-targeted TKIs such as pazopanib,
crizotinib, sorafenib, anlotinib, sunitinib, and cedirranib
and MET kinase inhibitors have been explored in clinical
trials for metastatic disease with promising results (5,22).
We argue against the future of immunotherapy in ASPS
since a very focal intratumoral inflammatory host response
was seen in only two cases and only one case showed mini-
mal lymphocytic response at the tumor edge.

CONCLUSION

ASPS has a morphological and immunohistochemical
overlap with many mesenchymal and non-mesenchymal
tumors. Diffuse strong nuclear TFE3 positivity is sensi-
tive for ASPS in an appropriate clinicoradiological context.
Awareness of TFE3 positivity in other tumors is vital. It is
imperative to employ a panel of markers in order to identify
an alveolar soft part sarcoma from its differential diagnoses.
Due to the high propensity for early metastasis even at the
time of presentation in ASPS, complete metastatic workup
and long term follow up is recommended. ASPS is associ-
ated with slow progression and resistance to conventional
cytotoxic chemotherapy.
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