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Abstract. The present study investigated the case of a 
46‑year‑old female with primary malignant perivascular 
epithelioid cell neoplasm (PEComa) of the femur. The patient 
presented with a 5‑month history of right distal thigh pain 
following trauma. Radiographs of the right distal femur 
revealed a mixed lytic and sclerotic lesion with subtle areas of 
cortical destruction and soft tissue extension, consistent with 
an aggressive tumor. A core biopsy revealed an epithelioid 
tumor with granular cell features, but a definitive diagnosis 
could not be made. Due to the aggressive features on radio-
logic evaluation, the patient underwent a resection of the distal 
femur and reconstruction with a distal femoral megaprosthesis 
and hinged knee replacement. The post‑resection pathology led 
to a final diagnosis of primary bone PEComa, with histologic 
features including epithelioid, granular cell and spindled cell 
morphologies and biphasic immunoreactivity for melanocytic 
and smooth muscle markers. The large tumor size (>5 cm), 
rapid mitotic rate, infiltrative growth pattern, high nuclear 
grade and cellularity, and the presence of necrosis rendered 
this a malignant PEComa. The present study discussed the 
case, including radiographic (radiographs, magnetic reso-
nance imaging and positron emission tomography scans) and 
histologic appearance and a literature review.

Introduction

Perivascular epithelioid cell (PEC) neoplasms (PEComas) 
are rare mesenchymal tumors composed of PECs. PEC, a 
cell type that has no known normal counterpart, was coined 
by Bonetti et al (1) in 1992 in order to describe tumor cells 
with an epithelioid appearance, perivascular distribution, and 
co‑expression of myogenic and melanocytic markers, most clas-
sically Human Melanoma Black 45 (HMB45). Histologically, 
PEComas typically exhibit both epithelioid and spindled cell 
morphology, and can be either benign or malignant (2).

While the most prevalent tumors in the PEComa family are 
angiomyolipoma (AML), lymphangioleiomyomatosis (LAM) 
and clear‑cell (sugar) tumor (CCST) of the lung, other signifi-
cantly less common manifestations of PEComa have been 
detected at a variety of visceral and somatic sites throughout 
the body (3‑5). Primary PEComa of the bone is particularly 
rare, with only 12 reported cases in the literature (6‑14). The 
present study investigated a case of malignant primary bone 
PEComa presenting in the right distal femur of a 46‑year‑old 
female and described the clinical, radiologic and histologic 
malignant features, in addition to a review of the relevant 
literature.

Case report

A 46‑year‑old female with no significant past medical history 
presented with a 5‑month history of right distal thigh pain 
following trauma. The patient presented to urgent care in 2016 
for evaluation following the trauma and obtained radiographs 
of the right knee and distal femur (Fig. 1A and B). These radio-
graphs revealed a mixed, lytic and sclerotic lesion involving 
the distal femoral metadiaphysis extending into the epiphysis. 
The patient's pain progressed and she returned three months 
later for a repeat evaluation. At that time, the patient reported 
5/10 distal thigh pain that was throbbing and aching. The pain 
was constant. The pain was worse with activity and relieved 
with rest and non‑steroidal anti‑inflammatory drugs.

Radiographs of the right distal femur were repeated 
(Fig. 2A and B), which revealed the lesion to be grossly similar 
in size when compared with prior radiographs, though with 
increased cortical scalloping. The patient was referred for 
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further evaluation with magnetic resonance imaging (MRI). 
The MRI was obtained using a 0.3T Hitachi Airis II scanner 
(Hitachi Medical Corporation, Tokyo, Japan).

Sagittal T1‑weighted sequences were obtained using 
repetition time (TR) of 900 ms, echo time (TE) of 12.6 ms, 
slice thickness of 4 mm, interslice gap of 1 mm and acquisi-
tion matrix of 256x158 (Fig. 3A). T2‑weighted sequences were 
obtained with TR/TE 6182/125 ms, slice thickness of 4 mm, 
interslice gap of 1 mm and acquisition matrix of 256x144 
(Fig. 3B). The lesion was heterogeneous in T2 signal with 
three distinct signal intensities noted. The MRI demonstrated 
areas of cortical destruction with soft tissue extension consis-
tent with an aggressive lesion (Fig. 3B). Coronal T1‑weighted 
sequences (TR/TE 490/15 ms, slice thickness 4 mm, interslice 
gap of 0.5 mm and acquisition matrix 256x160) exhibited 
a heterogeneously T1 hypointense and isointense lesion 
(Fig. 3C). The patient was referred for computed tomography 
(CT)‑guided core‑needle biopsy of the lesion at the Hospital 
of the University of Pennsylvania (Philadelphia, PA, USA). 
Histologic evaluation of the area of the lesion that had been 
sampled with the core needle biopsy (Fig. 4A‑C) revealed a 
cytologically bland proliferation of cells, with ample bright 
granular eosinophilic cytoplasm and dark even chromatin 
with few scattered enlarged nuclei with inclusions. The cells 
were in a nested configuration with a rich vascular stroma, and 
other areas had extensive stromal hyalinization. There was no 
necrosis or mitotic activity. The morphologic impression was 
that of a granular cell tumor, although an S100 immunostain 
was negative and a subsequent extensive immunohistochem-
ical panel was unrevealing. Considering the overall features, 
the core needle biopsy diagnosis was favored to be an unusual 
(S100 negative) granular cell neoplasm with extensive stromal 
hyalinization. Since malignant granular cell tumors are 18fluo-
rodeoxyglucose (FDG)‑avid, a PET/CT was performed to 
evaluate FDG‑avidity and assess for additional lesions (Fig. 5). 
The PET/CT indicated an FDG‑avid lesion with a maximum 
SUV of 28.6, so the lesion was treated as a malignant granular 
cell neoplasm.

The distal femur lesion was resected with negative margins 
and the resection gap reconstructed with a distal femoral mega-
prosthesis and hinged knee replacement (Fig. 6A and B). Gross 
examination of the tumor revealed a 6.9x3.9x2.9 cm irregular, 
heterogeneous, firm lesion with an appearance varying from 
beige to gray in color (Fig. 7A and B). The lesion occupied the 
majority of the intramedullary cavity with an area of posterior 
endosteal scalloping and soft tissue extension through the 
cortex, as noted on prior MRI.

Histology from the resected specimen revealed a heterog-
enous morphology with various patterns. A number of areas 
had plump, epithelioid cells with granular cytoplasm, round 
medium‑large nuclei and distinct cell borders. This was 
concordant with the previous biopsy (Fig. 8A). These cells 
were predominantly arranged in a nested architecture with 
individual nests separated from each other by a vascular or 
hyalinizing stroma, and in areas with a vaguely storiform 
pattern (Fig. 8B and C). At least focally, characteristic thin 
vascular spaces were observed, around which tumor cells 
were arranged tightly or in a radiating manner (Fig. 8D). Other 
regions had an infiltrative pattern with a spindled morphology, 
with medium sized spindled cells arranged in interweaving 

fascicles and containing fibrillar or granular eosinophilic cyto-
plasm with elongated, ovoid nuclei with prominent nucleoli 
(Fig. 8E). There were cells present that exhibited marked 
nuclear pleomorphism (Fig. 8F). Mitotic activity was highest 
in very cellular epithelioid and spindled areas with >5 mitoses 
per high power field (Fig. 8G and H). Focal coagulative tumor 
necrosis was also present.

Tumor cells revealed positivity for smooth muscle actin, 
Caldesmin, melanoma antigen, epithelial membrane antigen 
and thyroid transcription factor‑1 (TTF‑1; nuclear), while 
being negative for pan‑cytokeratin, cytokeratin AE1/AE3, 
cytokeratin Cam5.2, S100, CKIT, discovered on gastroin-
tenstinal stromal tumors protein 1, DOG‑1, Desmin, Paired 
box 8, Signal transducer and activator of transcription 6, 
Inhibin, Thyroglobulin, Cyclin D1, microphthalmia associated 
transcription factor 2 and Human Melanoma Black (HMB45). 
There was abnormal transcription factor E3 (TFE3; nuclear) 
expression, although fluorescent in situ hybridization (FISH) 
did not demonstrate a TFE3 translocation. Due to the negative 
cytokeratin expression, the TTF‑1 reactivity was considered as 
aberrant reactivity rather than evidence of an epithelial tumor. 
There was no abnormal loss of SDHB. CD34 and CD31 indi-
cated an extensive vascular network. Based on the morphologic 
and immunohistochemical findings (co‑expression of smooth 
muscle markers and melanocytic markers), the final patho-
logic diagnosis on the resected specimen was of a malignant 
PEComa.

All procedures performed involving human partici-
pants were in accordance with the ethical standards of the 
University of Pennsylvania Health System (Philadelphia, PA, 
USA) and with the Declaration of Helsinki declaration (1964) 
and its later amendments or comparable ethical standards. The 
requirement for informed consent was waived by the local 
institutional review board.

Discussion

We present a novel case of primary bone PEComa, localized 
to the right distal femur. The concept of PEComa is relatively 
recent, arising within the last 25 years: Following Bonetti's 
description of PECs in 1992 (1), Zamboni et al (15) coined the 
term ‘PEComa’ in 1996 and the World Health Organization 
first recognized PEComa in 2002 (16). As a result, numerous 
rare neoplastic disorders, including renal AML (prevalence 
~1‑2/1000 individuals)  (17), pulmonary LAM (prevalence 
~1‑2/1,000,000 individuals)  (2,18) and CCST of the lung 
(unknown prevalence, ~50 reported cases) (19‑21), now fall 
within the umbrella term of PEComa. Other forms of PEComa, 
known as PEC tumor not otherwise specified (PEComa‑NOS), 
are even less common with <300 reported cases (22).

Notably, only 12 cases of primary PEComa of the bone have 
been reported to date, not including the current case (6‑14), 
with 7 of these classified as malignant. They include a wide 
age range of patients (mean age 49, range 26‑93), with tumors 
most commonly localized to lower extremities (tibia, fibula, 
femur and acetabulum) but also occurring in the vertebrae 
and ribs. Table I summarizes the salient details of each case, 
including presentation, diagnostic features, treatment and 
outcomes. Table I also includes details of the present case for 
comparison.
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The etiology of PEComa is unclear. There is no normal cell 
type analogous to the PEC and no identified precursor lesion. 
Genetically, AML, LAM and CCST are strongly associated 

with tuberous sclerosis complex (TSC), an autosomal dominant 
neurocutaneous disorder caused by TSC1/TSC2 gene mutations 
and characterized by seizures, intellectual disability and cellular 

Figure 1. (A) Anterior‑posterior and (B) lateral radiographs of the right knee 
demonstrating a mixed lytic and sclerotic lesion (white arrow) involving the 
distal femoral metadiaphysis.

Figure 2. (A) Anterior‑posterior and (B) lateral radiographs of the right knee 
demonstrating a mixed lytic and sclerotic lesion involving the distal femoral 
metadiaphysis with mild cortical thinning/scalloping (white arrows).

Figure 3. (A)  Sagittal proton‑density weighted MRI of the right knee 
demonstrating a heterogeneous lesion involving the distal femoral metadi-
aphysis with cortical destruction and an extra‑osseous soft tissue component 
(black arrow). (B) Axial T2‑weighted MRI of the right knee indicating a 
T2‑heterogeneous lesion with extraosseous extension through the posterior 
femoral cortex (black arrows). (C) Coronal T1‑weighted MRI of the right 
knee illustrating a heterogeneously T1 isointense lesion with scalloping of 
the medial femoral cortex (black arrow). MRI, magnetic resonance image.

Figure 4. (A) Low power hematoxylin and eosin stains of the core biopsy 
revealed a proliferation of cells in a nested configuration with rich vascular 
stroma, (B) and areas of extensive stromal hyalinization. (C) A high power 
view revealed cells with ample bright granular eosinophilic cytoplasm and 
dark even chromatin, with no significant atypia or mitotic activity.
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proliferations (23‑25). However, no similar genetic association 
has been established in primary bone PEComa. AML, LAM, 
CCST and numerous forms of PEComa‑NOS have a well‑docu-
mented marked female predominance (15,17,24,26,27), which 
suggests a potential role of hormones in pathogenesis. However, 
this trend is not evident in primary bone PEComa (6/13 existing 
cases, including the present case, are female), though the total 
number of cases is too few to be conclusive.

In general, PEComas may be asymptomatic or present 
with nonspecific pain. All existing cases of primary bone 
PEComa presented with pain and/or swelling, with PEComas 
of the vertebral column also causing leg weakness due to cord 
compression  (10,12). Diagnostic workup of bone PEComa 
involves a combination of imaging, histology, and immunohis-
tochemistry. Based on the existing case studies, there appears 
to be no consistent protocol in terms of imaging workup, 
though the majority of studies include at least a radiograph, 

often followed by CT and/or MRI (11,12). The most common 
radiographic finding is a mixed lytic and sclerotic lesion, with 
more aggressive tumors also presenting with soft tissue expan-
sion and cortical destruction on CT or MRI. MRI is likely to 

Figure 5. Axial fused positron emission tomography/computed tomography 
image of the distal femurs indicating the FDG‑avid lesion in the distal femur 
(white arrow).

Figure 7. Coronal section of resected distal femoral specimen in the (A) fresh 
state and (B) post‑formalin fixation, depicts a 6.9x3.9x2.9 cm irregular 
heterogeneous firm lesion, with appearance varying from white‑tan to beige, 
gray and tan‑brown, which occupies the majority of the intramedullary 
space. There is bone wax at the proximal end of the specimen.

Figure 8. Hematoxylin and eosin stains of the resected specimen demon-
strated notable heterogeneous morphologies. (A) Regions corresponding to 
the biopsied site contain plump, epithelioid cells with granular cytoplasm, 
round medium to large nuclei, and distinct cell borders that are (B) typi-
cally arranged in a nested architecture with a vascular or hyalinizing stroma 
and (C)  in areas with a vaguely storiform pattern. (D) Epithelioid cells 
arranged about a thin vascular space. (E) Areas with an infiltrative pattern, 
as well as (F) bizarre atypia and (G) markedly cellular regions were present. 
(H) A cellular spindled morphology predominated in the infiltrating areas, 
with medium‑sized spindled cells arranged in interweaving fascicles and 
containing fibrillar or granular eosinophilic cytoplasm with elongated, ovoid 
nuclei with prominent nucleoli. High mitotic activity is also present.

Figure 6. Postoperative (A) anterior‑posterior and (B) lateral radiographs 
of the right knee demonstrating distal femoral megaprosthesis and knee 
replacement.
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exhibit heterogeneous T1 signal hypointensity on T1‑weighted 
imaging and heterogeneous T2 signal hyperintensity on 
T2‑weighted images (10,11,13). Following analysis of local 
radiologic findings, patients often undergo systemic clinical 
and radiologic testing for staging and exclusion of metastatic 
disease.

In addition to imaging, histological and immunohisto-
chemical studies are crucial for the diagnosis of PEComa. 
These can be carried out following biopsy, intralesional 
curettage or wide resection of the tumor. Cytologic findings 
are significant for epithelioid cells with clear and eosinophilic 
cytoplasm, intermixed with spindle cells. The cells lie adjacent 
to thin‑walled blood vessels. Other findings common in more 
aggressive cases are high mitotic activity, nuclear pleomor-
phism, multinucleated giant cells, stromal hyalinization and 
focal necrosis  (7,8,10,11,13,14). PEComas typically exhibit 
reactivity to both melanocytic (e.g., HMB45, melan‑A) and 
myogenic (e.g., smooth muscle actin, desmin) markers, but 
not to epithelial markers. The present case is one of only two 
reported primary bone PEComas with negative staining for 
HMB45 but positive staining for melan‑A, another melano-
cytic marker. Also, the current case also positively expressed 
at least one smooth muscle marker, similar to 7/12 of the prior 
cases. Notably, this case also stained positively for TFE3, 
a member of the MiT family of transcription factors, albeit 
FISH did not demonstrate a translocation. TFE3 positivity has 
been observed in two prior primary bone PEComa cases and 
other forms of PEComa. In fact, in a study of TFE3 positivity 
in PEComa cases, Righi et al (9) proposed that PEComa be 
added to the MiT family of human tumors, which also includes 
melanoma, alveolar soft part sarcoma, translocation‑associated 
renal cell carcinomas and clear cell sarcoma of soft tissue (9).

The histologic differential diagnosis for bone PEComa 
includes metastatic melanoma, metastatic carcinoma (e.g., of 
renal origin), and leiomyosarcoma. These lesions can have 
similar cytologic presentations, such as mixed epithelioid and 
spindle cell morphology, though they lack a perivascular distri-
bution. Certain forms of renal cell carcinoma also exhibit TFE3 
nuclear immunoreactivity (9). Alveolar soft part sarcoma (ASPS), 
which is also commonly reactive to TFE3 and presents with 
eosinophilic cytoplasm and hypervascularity (28), should also be 
considered in the differential. Immunohistochemistry is crucial 
for distinguishing primary bone PEComa from other metastatic 
disease. In contrast to PEComa, leiomyosarcoma and ASPS 
lack expression of melanocytic markers, metastatic melanoma 
lacks expression of smooth muscle markers and expresses S‑100, 
and carcinoma expresses epithelial markers  (2,10,16,26,28). 
Therefore, the trifecta of imaging, histology and immunohisto-
chemistry is essential in PEComa evaluation: While radiologic 
studies are often the first step of the workup and microscopic 
examination can provide further insights, immunohistochem-
istry is required for a definitive diagnosis.

In 2005, Folpe and Kwiatkowski (2) established histologic 
criteria to classify PEComas as ‘benign’, ‘uncertain malignant 
potential’ or ‘malignant’. Specifically, they suggest that a 
PEComa be classified as malignant if it exhibits at least two 
of the following features: i) Tumor size >5 cm; ii) infiltrative 
growth pattern; iii) high nuclear grade; iv) high cellularity; 
v) necrosis; vi) mitotic activity >1/50 HPF with subsequent 
aggressive clinical behavior. Neoplasms fulfilling only one 

of the six criteria may be characterized as having uncertain 
malignant potential, while those with none of the features 
may be considered benign. Based on this system, the current 
patient's PEComa would be classified as malignant, given its 
large size, high mitotic rate, infiltrative growth pattern, high 
nuclear grade and cellularity, and the presence of necrosis. 
Table I includes malignancy status based on Folpe's criteria for 
all prior primary bone PEComa cases. It is important to note 
that malignancy status based on Folpe's histological criteria 
may not reflect malignancy based on clinical aggressiveness, 
though the prior cases that involved metastatic disease were all 
also histologically classified as malignant.

In terms of treatment, resection of bone PEComa is most 
common and often curative, though chemo‑ and/or radio-
therapy may be necessary in the case of metastatic disease. 
Prognosis is variable and benign lesions are cured with local 
resection and malignant lesions develop metastasis in 42.9% 
(3/7) of cases from Table I. As evident from Table I, long‑term 
follow‑up information is not consistently reported, which can 
make conclusions regarding treatment outcomes challenging. 
Additional and longer‑term studies of patients with primary 
PEComa of the bone can further understanding of this 
exceptionally rare but fascinating disorder.
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