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Abstract

Gynecologic perivascular epithelioid cell (PEC) tumors, or 'PEComas,’ represent a rare and intriguing subset of tumors
within the female reproductive tract. This systematic literature review aims to provide an updated understanding of gyneco-
logic PEComas based on available literature and data. Although PEComa is rare, there are varied tumor-site presentations
across gynecologic organs, with uterine PEComas being the most prevalent. There is scarce high-quality literature regard-
ing gynecologic PEComa, and studies on malignant PEComa underscore the challenges in diagnosis. Among the diverse
mutations, mTOR alterations are the most prominent. Survival analysis reveals a high rate of local recurrence and metastatic
disease, which commonly affects the lungs. Treatment strategies are limited, however mTOR inhibitors have pivotal role
when indicated and chemotherapy may also be used. with some cases demonstrating promising responses. The paucity of
data underscores the need for multicentric studies, an international registry for PEComas, and standardized reporting in case
series to enhance clinical and pathological data.
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Abbreviation
PEComa Perivascular epithelioid cell neoplasms

Introduction

Gynecologic perivascular epithelioid cell (PEC)
tumor—‘PEComa’ was first described in 1996 [1] in a
57 years old female with an abnormal bleeding and a poly-
poid lesion protruding in the uterine cavity. PEComas are a
rare and intriguing group of tumors that can arise within the
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female reproductive system. They are characterized by their
unique histological features, composed of perivascular epi-
thelioid cells that exhibit both smooth muscle and melano-
cytic differentiation [2]. These tumors can occur in various
gynecologic organs, including the uterus, ovaries, and vulva
[3]. While most gynecologic PEComas are benign, some
have the potential to behave in a malignant or aggressive
manner [4]. Management typically involves surgical resec-
tion, and the prognosis depends on factors such as tumor
size, location, and histological characteristics. However, no
clear guidelines exist [5]. Given their rarity, the understand-
ing of gynecologic PEComas is still evolving, and ongoing
research is essential to better comprehend their pathogen-
esis and guide treatment strategies. Most literature regard-
ing gynecologic PEComas is composed of case reports and
small case series, and PEComa can coexist with other patho-
logical entities, such as leiomyoma and fumarate hydratase-
deficient atypical leiomyoma [6]. In light of the rarity of the
diagnosis, coupled with abundance of case-reports and few
available original studies, there is a gap of concise relevant
synthesis of data. We aim to systematically review the pub-
lished literature regarding PEComa, and to abstract the avail-
able data from studies, excluding reviews and case reports.
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Materials and methods

A search was performed in PubMed database using a com-
bination of the medical subject heading terms (MeSH):
“PEComa” AND "gynecologic neoplasm”. We have
searched the database since inception to 31st Oct. 2023.
The PRISMA guideline was used in the preparation of
this review (Fig. 1) [7]. All the Mesh search results Pubmed-
indexed publications were entered into a database. These
publications were retrieved for their records in the Web of
Science database by search field Pubmed ID in the Web of
Science platform. The results from this search were then
manually reviewed. We manually reviewed each title and
abstract for inclusion criteria. We included only publications
regarding PEComas (e.g., we did not include publications
regarding angiomyolipoma etc.). The criteria for exclusion
that were used precluded articles in the form of reviews,

case-reports and those published in languages other than
English. All included articles were assessed by two review-
ers (GL and MP) for their compatibly for inclusion. In case
of disagreement, a third reviewer (RM) was consulted.

Results
Available literature

There were 4278 Mesh retrieved publications for ‘PEComa’.
A combination of this search with the Mesh ‘gynecologic
neoplasm’ resulted in 162 publications. Of those, 137 had
a Web of Science registry. Of those 132 were in English.
After exclusion of non PEComa publications—there were
70 publications. Of those 58 case reports, seven reviews and
five studies (Fig. 1).
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A total of 84 patients were reported in 58 case reports.
Most case report reported one patient (n=46, 79.3%). The
median age of patients reported in the case reports was 45
(range 11-80). Uterine PEComa were reported in 68 patients
(81%), cPEComa of the cervix in eight (9%) patients, ovar-
ian PEComa in five (6%) patients, vaginal PEComa in three
(4%) patients. Clinical highlights from case reports.

A case report described uterine rupture in a 44 years old
women, and another in a pregnant women 30 years old at 34
weeks of gestation [8, 9].

A report described an incidental PEComa found dur-
ing cesarean delivery [10] in a term 38 year old women.
A completion hysterectomy was performed during a sec-
ond surgery and no residual disease was observed and the
patient remained with no recurrence during the 7 months
of follow-up.

Uterine sparing surgery was also reported [11] with
removal of the mass as a myomectomy. This patient later
underwent a cesarean delivery and did not recur during her
follow up of 71 months.

A unique report described a PEComa in a 26 years old
women that was found on the retained products of concep-
tion 10 days after a normal delivery [12].

A report of two cases concluded that MRI as unable to
distinguish PEComas [13].

Time to metastasis was as short as 77 days from sur-
gery [14] and varied up to 20 years for pulmonary nod-
ules[15]. Recurrence from ovarian PEComa was reported
at 25 months [16].

Studies included

In a pathological study of malignant PEComa (n=15), it
was underlined that PEComacan be misdiagnosed as uterine
sarcoma [17]. The median age was 56 years (range 27-86).
mTOR alternations were present in 47%. Additional muta-
tions were noticed in: TSC1 (27%) and TSC2 (20%). TP53
(53%), RB1 (30%), ATRX (33%), and BRCA2 (13%).
Refarding treatment, nine patients received mTOR inhibi-
tors. In terms of survival, 36% developed local recurrence
and 71% (including the 36%) developed metastatic disease,
most commonly to the lungs. Overall, 40% of these patients
had metastatic disease at initial presentation. The median
time for development of metastases was nine months. Two
patients died of their disease at 16 and 38 months. That study
doesn’t specify treatments such as chemotherapy, radiother-
apy, and immune checkpoint inhibitors.

Another Study of 15 patients, reported a median age 61
years (range 43-71) [18]. Eight (53.3%) patients were diag-
nosed at stage I. Nine (60%) patients had recurrence (three
in the peritoneum, tqo in lungs, two in soft tissue and on in
the liver). Seven patients were treated with mTOR inhibitors,
with best response being stable disease with LY3023414

(PI3K/mTOR inhibitor), and partial response with Tem-
sirolimus. Six (40%) patients had no evidence of disease
at the end of follow up, six (40%) had died of their disease,
and three (20%) were alive with disease. The most common
genetic mutations were as follows: TP53 (41% mutation,
12% deletion), TSC2 (29% mutation, 6% deletion), RB1
(18% deletion), ATRX (24% mutation), MED12 (12% muta-
tion), BRCA2 (12% deletion), CDKN2A (6% deletion) as
well as FGFR3, NTRK1 and ERBB3 amplification (each
6%).

In a study aiming to distinguish PEComas from uter-
ine smooth muscle tumors, twenty-one uterine PEComas
and 45 SMTs were analyzed for PNL2; HMB45, Melan-A,
Cathepsin-K, Desmin, and h-Caldesmon [19]. Eighteen of
21 cases (86%) were positive for PNL2. All cases (21/21)
were positive for HMB45. Over half of the PEComas (57%)
were immunoreactive to Melan-A. The three PNL?2 negative
PEComas were all positive for HMB45, and 2/3 these cases
were also Melan-A positive. All PEComas were positive for
Cathepsin-K. Desmin was positive in 90% of PEComas and
h-Caldesmon was positive in 57% of cases. That study con-
cluded that PNL2 is a reliable biomarker for the diagnosis of
uterine PEComa, with comparable sensitivity and specificity
to HMB45, and greater sensitivity and extent of staining
when compared with Melan-A.

A case series of thirty-two cases [20], dichotomized
PEComas to two distinct patterns: classic appearance
(majority of cases) and Lymphangioleiomyomatosis appear-
ance. The median age of classic appearance was 51 years
(range 32-77). Extrauterine disease was noted in 17% (5/30),
with pulmonary metastases being most common. HMB-45
and cathepsin K were positive in all PEComas. Melan-A
and MiTF were expressed in 77% and 79%, respectively.
Each PEComa was positive for at least one muscle marker,
with smooth muscle actin being the most common, followed
by desmin and h-caldesmon. The median follow-up was 20
months with 63% of patients alive and well, 20% dead of
disease, 13% alive with disease, and 3% dead from other
causes. Recurrences occurred in 30%, with an average pro-
gression-free survival of 19 (range 2 to 65) months. On a
univariate analysis, tumor size >5 cm, high-grade nuclear
atypia, necrosis, mitoses > 1/50 HPFs, and lymphovascular
invasion, were associated with aggressive behavior.

In a study of 16 cases [21] with a median age of 50
years(range 28-60), thirteen were originating from the
uterus, two from the adnexa, and one from the vagina. In a
mean follow up of 26 months, three patients died of disease,
six were alive with disease, and seven were alive without evi-
dence of disease at last follow-up. All patients who recurred
or died had at least two of the following: size >5 cm, high-
grade nuclear features, infiltration, necrosis, lymphovascular
invasion, or a mitotic rate > 1/50 high-power fields. HMB45
was universally expressed, followed by microphthalmia
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transcription factor (92%), MelanA (88%), and S100 protein
(20%). Of the smooth muscle markers, desmin was universal
(100%), followed by SMA (93%) and h-caldesmon (92%)
and TFE3 (38%).

A subset of PEComas, the TFE3 translocation-associated
PEComa [22], lack TSC mutation which may lead to hypo-
thetical ineffectiveness of mTOR inhibitor therapy. The
median age of the six patients in the series was 50 (range
46-66). Three cases arose in the uterus, one in the vagina,
and one pelvic tumor and one pulmonary tumor, metasta-
sis. Follow up ranged 1 to 57 months. Three cases demon-
strated aggressive behavior and three cases had no evidence
of recurrence.

Surgical resection of a uterine and vaginal PEComa, led
to absence of disease recurrence at 9 and 5 months respec-
tively, while a retroperitoneal PEComa recurred at 72
months in the retroperitoneum and lungs. Treatment with
sirolimus was well tolerated and led to partial response [23].

mTOR inhibitors and other treatments

The first report on the use of mTOR inhibitor temsirolimus
in two metastatic patients, was in 2010 [24]. Since then,
several case series reported on the use of MTOR inhibitors
[25], including two out of three patients with advanced dis-
ease showing significant and prolonged response after exten-
sive debulking surgery. One patient who progressed after

Table 1 Main evidence for treatment with mTOR inhibitors

response on temsirolimus—was switched to sirolimus, with
a complete response and the patient remains disease-free. A
case report described a remarkable complete response for
the VEGFR inhibitor, Sorafenib, with the mTOR inhibitor,
Sirolimus [26]. Table 1 summarizes main evidence for treat-
ment with mTOR inhibitors.

Chemotherapy used for PEComa was ifosfamide, car-
boplatin and epirubicin [11, 27]. Some authors report also
paclitaxel [28] and Imatinib following radiotherapy. Inter-
estingly, there is a report of acute lymphoblasic leukemia
following treatment by vincristine, ifosfamide, and anthra-
cycline and radiotherapy comprising 45 Gy in an 11 years
old with a uterine PEComa [29]. In a multicenter large report
of PEComa patients treated with chemotherapy, out of 53
patients, 37 were female and of those—11 were with a uter-
ine PEComas [30]. For Anthracycline-based chemotherapy
(n=23), the objective response rate was 13% with a median
PFS of 3.2 months. For Gemcitabine-based chemotherapy
(n=15) the objective response rate was 20% with a median
PFS of 3.4 months. Of note, in that study, the objective
response rate for mTOR inhibitors was 41% with a PFS of
9 months. This underscores the low rate of response and the
modest contribution for PFS for chemotherapy in gyneco-
logic PEComa.

This review aimed to conglomerate the data available
from the few studies regarding gynecologic PEComa, and to
provide an accessible source to the data available, excluding

Source Treatment Number of Response rate PFS (ON) Biomarkers for
patients (GYN/ response
total)
NCCN guidelines[5]  Albumin-bound
sirolimus
Sirolimus
Everolimus
Temsirolimus
Wagner et al.[33] nab-sirolimus 100 15/31 39% 10.6 months  40.8 months TSC2-inactivating
mg/m? IV once mutation
weekly for 2 weeks pS6 expression
In 3-week cycles
Bissler et al.[34] Blood sirolimus level -/20 100% response N/A N/A N/A

Reduction in size
46.3%—60.2% of

initial mass size

Improvements in
forced vital capac-
ity: mean change of
230 ml

(Lymphangioleiomy- up to 10—15 ng per
omatosis) milliliter
Davies et al.[35] Blood sirolimus level -/16 50%
(Renal angiomyoli- up to 3—10 ng per
poma) milliliter
McCormack et al. Blood sirolimus level -/46
[36] up to 5—15 ng per
(Lymphangioleiomy- milliliter
omatosis)
Benson et al.[6] Sirolimus 3 -5 mg 2/10

orally. Temsirolimus
weekly 25 mg IV

1 stable disease
1 partial response

Median 2.4 years
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case-reports and review papers which repeat published data,
making access to the granular data more complicated. We
do provide a source of reference to the known data from
studies and the case series reported, with some important
issues from published case-reports. However, this system-
atic-review has limitations.

This systematic review is not a meta-analysis and we did
not evaluate for risk of bias. Another limitation in our review
is the performance of the search on PubMed platform alone.
This may exclude publications which are not indexed. How-
ever, it should be acknowledged that publication not indexed
in PubMed may arise from journals with a different levels
of peer-review process and of various qualities. Moreover,
we did not register the protocol for this review before the
conduction of this systematic review. While it is not man-
datory to have a registered protocol, it is recommended by
the Cochrane guidelines and this should be acknowledged.

Discussion

Our systematic updated literature review has identified pau-
city of quality published work. Due to the rarity of gyneco-
logic PEComas, multicentric studies would be needed to
determine the role of newer therapeutic agents in PEComa.
The creation of an international registry of PEComa and the
standardization of the information provided in case series
and case reports may improve their usefulness to produce
valuable and helpful clinical and pathological data.

Molecularly, most PEComas, harbor a loss of function
of the TSC1/TSC2 complex. loss of heterozygosityin the
TSC2 gene, leads to activation of mMTORCI1 and disrupted
cell growth signaling [31]. Finally, the endpoint of these
mutations leads to activation of downstream pathways, such
as the PI3K/AKT/mTOR pathway. There are possibly two
primary molecular subtypes within PEComas. The initial
subtype is characterized by uncontrolled activation of the
mTORCI1 pathway, whereas the second subgroup exhibits
heightened transcriptional activity of TFE3, leading to the
initiation of pro-oncogenic pathways such as c-Met, AKT,
and mTOR [32].

Conclusion

PEComas are rare and characterized by their distinctive his-
tological features, leading to diagnostic and management
challenges. While most gynecologic PEComas are benign,
unique subsets exhibit aggressive behavior, emphasizing the
importance of accurate diagnosis and individualized treat-
ment strategies. Based on the mutational pattern, mTOR
inhibitors have shown promising responses and further

molecular understanding will allow us to evaluate other tar-
geted treatments.
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