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Abstract: Perivascular epithelioid cell tumors (PEComas) are rare mesenchymal tumors originating from perivascular epithelioid
cells. In gynecological system, the uterus is one of the most common sites affected by PEComas. Most PEComas are benign, and
patients usually have a good prognosis. However, malignant uterus PEComa is rare, and better comprehensive epidemiological
investigations are needed. To date, there are a few reported cases of uterus PEComa. We herein report a rare case of malignant
PEComa occurred in the uterine corpus and cervix, possibly accompanied by pulmonary lymphangioleiomyomatosis (PLAM). In
addition, 55 cases of malignant uterus PEComa were picked out and collected in the data base of PubMed and Medline. On the one
hand, the age of onset, population distribution, clinical manifestations, metastatic sites and routes of metastasis were analysed. On the
other hand, a summary of the epidemiology, pathogenesis, diagnosis, and treatments of uterus PEComa was given.
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Introduction
Perivascular epithelioid cell tumors (PEComas) are a group of rare mesenchymal origin tumors derived from perivascular
epithelioid cells that grow in nests and sheets around blood vessels, expressing features of melanotic and smooth muscle
differentiation. PEComas have unpredictable biological behavior. Most of them are benign and can occur anywhere in
the body.? The classifications and corresponding sites are shown in Table 1.** Some PEComas occurring in a non-
classical anatomical distribution are called perivascular epithelioid cell tumors not otherwise specified (PEComas-NOS).
PEComas-NOS does not meet any criteria for a normal disease entity as defined by histopathologic findings, while other
types exhibit unique histological and immunohistochemical characteristics. In the female reproductive system, the uterus
is the most common site affected by PEComas-NOS, and this can be defined as uterus PEComa. Uterine corpus is also
frequently affected by uterus PEComa, while cases occurring in the cervix are rare.”®

Clinical symptoms of uterus PEComa are non-specific and include abnormal uterine bleeding, pelvic pain, pelvic
mass and presumed fibroids.” More rarely, patients may present with uterine rupture or hemoperitoneum, especially in the
setting of pregnancy.'®'? Because of the rarity of the uterus PEComa, there are almost no epidemiological studies of this
disease. The guidelines for diagnosis and treatment for this disease have not yet been well established both domestically
and internationally. Currently, surgical treatment is the best choice for PEComas. However, whether the surgery can cure
the disease depends on the severity of the disease at the time of the patient’s visit, so the screening and early diagnosis of

the disease is very important.'
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Table | Classifications and Sites of Onset of PEComas

Classifications Sites

Angiomyolipoma (AML) Kidney, liver, spleen, heart, vagina, ovary, spermatic cord, palate, nose, mediastinum, retroperitoneum, and

gastrointestinal tract

Lymphangioleiomyomatosis (LAM) Lung, lymph nodes, lymphatics, uterus

Clear cell sugar tumor (CCST) Pulmonary, pancreas, breast, uterus, bone, heart, and vulva

Other PEComas

Clear cell myomelanocytic tumor Falciform ligament/ligamentum teres, soft tissue of thigh, abdominal wall

(CCMMT)

PEComas-NOS Uterus, retroperitoneum, stomach, jejunum, colon, rectum, pancreas, common bile duct,

retroperitoneum, urinary bladder, oral cavity, nose, orbit, laryngopharynx, pericardium, rib, skull base, soft
tissue of the thigh, upper limb, abdominal wall, skin, and bone

To date, there are about 150 cases of gynecological PEComas according to the data base of PubMed and Medline in
English, with one-third of them are malignant uterus PEComa. This article reports a case of rare malignant PEComa
occurring simultaneously in the cervix and uterine corpus, reviews the relevant literature in recent years, and discusses
the epidemiology, pathological characteristics, biological behavior, diagnosis and treatment methods of malignant uterus
PEComa, in order to improve people’s understanding of this disease.

Case Presentation

The patient was a 56-year-old woman who presented with symptoms of vaginal bleeding after sexual intercourse,
accompanied by lower abdominal pain. The symptoms lasted for about one month, then she sought medical help and was
admitted to our hospital. There was no special mention of medical history. Physical examination found a mass about 4 cm
in diameter at the top of the vagina. Transvaginal ultrasound and Color Doppler flow imaging (CDFI) examinations were
given to the patient to detect the locations and characteristics of the mass, which showed a hypoechoic mass 4.7 x 4.2 x
4.3 cm on the anterior wall of the uterus and a hypoechoic mass 2.3 x 3.7 x 4.5 cm at the cervix with abundant blood
flow signals (Figure 1). Then, we removed a part of the lump for biopsy through the vaginal route. Hematoxylin and

Figure | The locations of the tumor on transvaginal ultrasound apparatus (A, white arrows) and Color Doppler flow imaging (CDFI) results (B-D), red and light blue
arrows).
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eosin (H&E) staining revealed that the tumor was composed of epithelioid cells primarily and spindle cells were found
which were growing in a nested and alveolar pattern around small blood vessels. The tumor cells also exhibited
transparent cytoplasm and showed evidence of cellular pleomorphism, pathological nuclear division, tumor necrosis
and intravascular tumor emboli (Figure 2). Immunohistochemical staining for multiple biomarkers was conducted and the
results showed positive immunoreactivity for HMB-45, Melan-A, SMA, Desmin, Vim, P53 (+, 40%) and Ki-67 (+, 60%)
and negative for S100, S0X10, TFE3, PCK, P63, ER and LCA in the tumor cell cytoplasm, which matched with
a PEComa. The level of Ki-67 is associated with increased risk of invasion and recurrence, which means this tumor was
highly malignant. Taken these findings together, the tumor could be diagnosed as uterine and cervical malignant
PEComa. Typical immunohistochemical indicators were shown in Figure 3.

Further imageological examinations were performed to find out whether the tumor cells had infiltrated and/or
metastasized to other organs or sites. Thickening of the tissues in the uterus, cervix and vagina was observed. A cauliflower-
like mass about 8.5 x 5.6 ¢cm in size was found by Magnetic Resonance Imaging (MRI) (Figure 4). In addition, multiple
thin-walled cysts (10—30 mm) were detected in both lungs by chest computed tomography (CT) (Figure 5).

To completely remove the tumor and clarify its stage, the modified wide hysterectomy combined with bilateral
salpingo-oophorectomy and bilateral pelvic lymphadenectomy was performed on the patient (Figure 6). Macroscopically,
the uterine body and cervix fused partially to form a mass of approximately 8 x 4.5 x 4 cm without clear boundary
(Figure 6A), which contains yellow mucus and necrotic component (Figure 6B). The enlarged lymph node was also
observed near the right common iliac artery during operation.

Postoperative pathology revealed that tumor cells grow in patches around blood vessels with infiltrative growth. The
cells showed obvious cellular pleomorphism and exhibited pathological nuclear division, tumor necrosis, and intravas-
cular tumor emboli. The depth of tumor infiltration was greater than 1/3 of the cervical stroma and more than 1/2 of
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Figure 2 Hematoxylin and eosin (H&E) staining ((A): 100 %, (B) 200 x). Red arrows indicate the nested pattern of tumor cells around capillaries, blue ones indicate the
apoptosis of tumor cells, and the yellow indicate the spindled cells.

d

Figure 3 The tumor cells showed immunohistochemical positivity for Melan-A (A) and Desmin (B).
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Figure 4 The location and TWI signal ((A): T2WI, (B) TIWI) of the tumor on MRI. The red arrows indicate the locations of the tumor.

Figure 5 Multiple thin-walled cysts in both lungs on different sections of CT (A and B), which were 10-30 mm in size, rounded, and devoid of internal structure. The red
arrows indicate the locations of cysts.
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Figure 6 Macroscopic view of the uterus, bilateral adnexa and bilateral pelvic lymph nodes. The yellow arrow indicates the involved lymph nodes (A). The red arrow
indicates the tumor’s original location (A and B).

uterine myometrium, involving the vaginal vault and right parametrial tissues, with visible vascular invasion. There was
evidence of cancer metastasis in the right external iliac lymph node.

Malignant uterus PEComa belongs to a rare tumor type in the female reproductive system. Most reported cases
occurred in the corpus of uterus, while a few occurred in the cervix. The physiology after surgery in this case revealed the
presence of malignant PEComa in both the uterine body and cervix. It is possible that the tumors originated from the
uterine body and the cervix simultaneously. In addition, the patient’s chest computed tomography exhibited typical
pulmonary lymphangioleiomyomatosis (PLAM) features. Due to the fact that both PLAM and malignant uterus PEComa
belong to the PEComas family, they may have common pathogenic mechanisms. Unfortunately, the patient voluntarily
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gave up receiving more examinations and treatments. Thus, we failed to obtain lung tissue for pathological examination
to confirm whether the patient had PLAM or not. Therefore, the diagnosis of PLAM cannot be ruled out at present.

Literature Review
For the review part, articles published in English in the electronic medical data bases of PubMed and Medline from

CEINNTS

January 1, 2005, to September 1, 2023, were selected. Various terms “perivascular epithelioid cell tumor”, “perivascular

CEINNT3

epithelioid cell neoplasm”, and “PEComa” were used as keywords in the article title and abstract. “uterine”, “uterus”,

9

“cervix”, “cervical” as keywords of site of onset were included. The main subject terms are “perivascular epithelioid cell

EEINNT3 EEINNT3

neoplasms”, “uterus”, “cervix”. The types of the articles were mainly focused on case reports and small-scale studies.

A summary of finally selected articles (Table S1) was given in Supporting Information.

Epidemiology

Since malignant uterus PEComa is rare, there are almost no epidemiological investigations of this disease. The retrieved
literature showed that the age of onset had a normal distribution (P > 0.05). The average age and median age of patients
during consultation were 47.1 and 48, respectively, with a 95% confidence interval of (43.3, 50.9). Asians accounted for
the largest proportion (60%) of this disease, followed by Europeans (20%) and Americans (18.1%). One-way analysis of
variance (ANOVA) found that there was no statistical difference in the average age at disease onset among these
populations (P > 0.05). In addition, the incidence of tuberous sclerosis complex (TSC) mutation is unusual in malignant
uterus PEComa, accounting for only 14.5%.

The clinical manifestations of malignant uterus PEComa include abnormal uterine bleeding (41.8%), abdominal pain
(25.4%), intra-abdominal hemorrhage (10.9%) and palpable abdominal mass (7.2%). In 12.7% of cases, patients had no
symptoms and were found incidentally during surgery or physical examination. Malignant uterus PEComa can occur in
different locations of the uterus, including the uterine corpus (80.0%), cervix (14.5%), broad ligament (5.4%), round
ligament (3.6%), and both corpus and cervix (3.6%).

According to preoperative imaging examinations and postoperative pathological analysis, malignant PEComas
originating in the uterus can metastasize to multiple tissues and organs, such as ovary (46.2%), pelvic lymph node
(46.2%), lung (30.8%), vagina (23.1%) and intestine (15.4%). This suggests that there may be various ways of metastasis
in malignant uterus PEComa, including implantation metastasis, lymphatic metastasis, and hematologic metastasis, etc.
25.5% patients developed metastasis after non-radical surgery, with the lung being the most common metastatic site
(85.7%), followed by the liver (28.6%) and bone (21.4%). Non-radical surgery may make it easier for tumors to
metastasize through the blood to distant sites, thus leading to adverse outcomes.

Pathogenesis

The occurrence of malignant uterus PEComa in tissues is controversial. So far, several hypotheses about the origin of
PEComas have been proposed, such as originating from neural crest cells,'* smooth muscle cells,'® and pericytic cells.'®
These assumptions are based on observations of pathological and molecular characteristics, and further experimental
evidence is needed to support specific hypotheses and uncover the origin of PEComas. Molecular genetic studies have
found that the onset of some malignant uterus PEComa are related to mutations in the genes of tuberous sclerosis
complex 1 (TSC1) and/or tuberous sclerosis complex 2 (TSC2). A mutation in either of these two genes can lead to TSC,
which is an autosomal dominant disorder that affects multiple organ systems.'’

TSC1 encodes Hamartin, and TSC2 encodes tuberin. They bind with Tre2-Bub2-Cdcl6 (TBC) 1 domain family,
member 7 (TBC1D7) to form the regulatory complex called mammalian target of rapamycin complex 1 (mTORCI1),
which negatively regulates the mTOR pathway through a G protein called Rheb.'®'” Rheb inhibits cell proliferation and
metabolism. If either of these two genes are deactivated, it will lead to abnormal cell proliferation.?>*' Specifically,
evidence of transcription factor E3 (TFE3) gene fusions was found in the malignant uterus PEComa without TSC1/2
mutations.”” In addition, there have been reported of a rarer gene rearrangement, RAD51 paralog B (RAD51B)
rearrangement, which has only been observed in malignant uterus PEComa.”** These may indicate that there are
alternative pathways for the occurrence of malignant uterus PEComa.

International Journal of Women’s Health 2024:16 https: 623
Dove:


https://www.dovepress.com/get_supplementary_file.php?f=453226.docx
https://www.dovepress.com
https://www.dovepress.com

Hu et al Dove

Some cases have also reported increased expression of estrogen receptor (ER) and progesterone receptor (PR) in
patients with malignant uterus PEComa, with a more significant increase in ER, and hormone therapy has been
effective.”* 2*Whether malignant uterus PEComa is a hormone-dependent disease is still lacking in research.

Diagnosis
Malignant uterus PEComa is a rare group of tumor that is often confused with other uterine mesenchymal tumors, such as
endometrial stromal sarcoma and leiomyosarcoma. Patients may experience a range of similar symptoms, taking vaginal
bleeding, abdominal pain, compression syndrome and palpable abdominal mass as examples. Currently, there are several
cases that the early diagnosis of cervical PEComa has been achieved through the use of routine cervical smears.®>"**
However, this method is not applicable for the diagnosis of PEComa originated from uterine body. Uterus PEComa can
be diagnosed by histological and immunohistochemical features, but preoperative diagnosis can be challenging.
Microscopic observation reveals that cells of uterus PEComa are usually epithelioid or spindled, which are often
arranged in nests and sheets. Most of them have typical transparent, eosinophilic and granular cytoplasm and tend to
grow around blood vessels.” Melanocytic markers (HMB-45 and/or Melan-A) and myogenic markers (SMA and/or
Desmin) are special immunohistochemical indicators for diagnosing uterus PEComa.”” ' However, when HMB-45 and
Melan-A are negative or locally positive, PNL2 may be a more useful biomarker for uterus PEComa.*>** If both
histological and immunohistochemical results are consistent with uterus PEComa, further assessments are also needed to
determine the malignancy of uterus PEComa. This is tightly related to subsequent treatment strategies. Folpe et al

classified the uterus PEComa as follows: “benign”, “uncertain malignant potential” and “malignant”.*! The classification
criteria can be found in Table 2.

Treatments

Because malignant uterus PEComa is very rare in clinical practice, the management strategies have not yet been well
established globally, and the efficacies of various treatment regimens are inconsistent. Until now, the number of cases
reported in the database is small, and there are various treatment methods. However, the follow-up time is limited, so we
cannot perform statistical analysis to find the best treatment plan.

According to the reported literature, primary surgical excision is the golden standard for the treatment of malignant
uterus PEComa. The selection of the surgical extent should be individualized based on the patient’s health condition and
the tumor’s biological behavior, with the ultimate goal of achieving a tumor-free margin. After radical surgery, patients
have a good survival rate, which greatly reduces the recurrence or metastasis of tumors.

Radical hysterectomy with negative margin is considered the best surgical method for malignant uterus PEComa.>* If
the fertility function of the patient should be preserved, only removing the tumor seems to be a good option for low-grade
malignant uterus PEComa. However, the possibility of recurrence of this treatment strategy is high, and another surgery

Table 2 Classification of Uterus PEComa

Classification Criteria

Benign No worrisome features

(Size<5 cm, noninfiltrative, non—high nuclear grade and cellularity, mitotic rate <1/ 50 HPF, no necrosis, no vascular invasion)

Uncertain malignant 1) Nuclear pleomorphism/multinucleated giant cells only or
potential 2) Size>5cm only
Malignant Two or more worrisome features

1) Size>5 cm

2) Infiltrative
3) High nuclear grade and cellularity
4) Mitotic rate 21/50HPF

5) Necrosis

6) Vascular invasion
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is needed.*> Adjuvant therapy should be provided to patients after surgery, especially for those with locally advanced or
metastatic malignant uterus PEComa,** although the efficacy of chemotherapy and radiotherapy is uncertain.

Chemotherapy drugs, including ifosfamide, doxorubicin, vincristine, taxol, gemcitabine, apatinib and everolimus, as well as
different combinations of them, are used to treat malignant uterus PEComa. Among them, mTOR inhibitors and VEGFR
inhibitors have the highest disease control rates for advanced PEComas.*® Inhibition of the mTOR pathway combined with
inhibition of the VEGFR pathway may be a useful strategy for metastatic uterus PEComa. Mechanistically, the occurrence of
malignant uterus PEComa in some patients may be related to TSC mutations, causing overactivation of mTOR and abnormal cell
proliferation. Everolimus and sirolimus are specific inhibitors of mTOR, and targeting treatment with mTOR inhibitors has
important clinical value.*”*® Interestingly, mTOR inhibitor for a patient with a mutation in the TFE3 gene but without TSC
mutation was also effective.’® However, gastrointestinal PEComa patient with TFE3 mutations did not respond to everolimus. But
after switching to apatinib, the patient’s condition was improved partially.** Overexpression of VEGF is a prognostic factor in
patients with solid tumors and is associated with increased risk of metastasis and reduced overall survival.*' mTOR inhibitors are
considered the most active drugs, but a small number of patients is resistant to them.** Thus, VEGFR inhibitors and
chemotherapy regimens based on gemcitabine or anthracyclines could be used as options for patients with drug resistance of
mTOR inhibitors whether preoperative neoadjuvant chemotherapy or postoperative supportive chemotherapy.’® A few reports
have found that combining mTOR inhibitors with VEGFR inhibitors can alleviate advanced uterus PEComa.*'****> For a small
number of malignant uterus PEComas expressing estrogen and progesterone receptors, hormonal therapy may be a good
option.**® Due to the rarity of the disease, it requires further confirmation of effectiveness of combination therapy through large-
scale prospective studies.

There are a few cases of patients receiving radiation therapy.>*>***’ Radiation therapy may show clinical efficacy in local
disease control, but these reports did not provide complete radiation treatment strategies. Theoretically, radiotherapy is reasonable
and effective for malignant uterus PEComa. Firstly, malignant uterus PEComa has rich capillaries with higher oxygen content and
relatively weak resistance to ionization radiation.”® Secondly, the tumor cells have a high mitotic index. They are exposed to more
radiation during the mitosis (M) phase of cell division, causing DNA damage which is difficult to repair, resulting in apoptosis and
mitotic catastrophe.”’ Radiotherapy can be combined with angiostatin in the treatment of malignant tumors. This combination
therapy does not increase the deleterious effects but can improve the tumor eradication rate.>

Discussion and Conclusion

We herein reported a case of rare malignant uterus PEComa. The patient presented with abnormal uterine bleeding and
abdominal pain, and an enlarged uterus could be palpated in the lower abdomen. These symptoms and signs are similar to
other uterine tumors, and often result in misdiagnosis before surgery. Postoperative pathology showed that the uterus
PEComa exhibited four worrisome features, including a maximum tumor diameter of approximately 8 cm, tumor
necrosis and vascular invasion seen under the microscope, infiltration of the uterine myometrium and cervical stroma,
and pathologic nuclear division of tumor cells. The level of Ki-67 (60%), which indicates the rate of cancer cell
proliferation, proved this disease was highly malignant and might have a poor prognosis.

Molecular genetic research on malignant uterus PEComa has found that some patients have mutations in the TSC
gene, which is related to TSC. The 2012 International Tuberous Sclerosis Complex Consensus Group released diagnostic
criteria for TSC, including genetic diagnostic criteria and clinical diagnostic criteria. Experts suggest that the diagnosis of
TSC can be made by identifying pathogenic mutations in TSC1 or TSC2 or by considering the concomitance of the
patient’s major and minor clinical features.”® Patient in this case did not show any specific skin, dental, oral and nail
lesions during the physical examination. CT scans did not reveal any lesions such as cardiac rhabdomyoma, multiple
renal cysts, nonrenal hamartoma and vascular adipose tumors. Therefore, molecular testing for TSC1 and TSC2 genes
was recommended, and the results could be used as a basis for the prescription of mTOR inhibitor.

More rarely, this patient might develop PEComa lesions in both lungs, which were different from uterus PEComa.
Lymphangioleiomyomatosis (LAM) is a type of PEComas that typically occurs in the lungs, causing progressive cystic
destruction of lung parenchyma.>® It is a rare condition, and usually affects females.”> The patient’s chest CT result revealed
multiple thin-walled cystic changes in both lungs. Pneumologist identified these lesions as a suspicious PLAM because of the
typical PLAM imaging features, such as thin cyst wall, bilateral, diffuse distribution, round shape, size ranging from 2 to 30
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millimeters, and devoid of internal structure.’® Some people believe that it is sufficient to diagnose LAM solely based on the
features of high resolution CT (HRCT),”” especially when there is pathological evidence of pelvic masses.>® According to
literature, PLAM often occurs together with uterus PEcoma,® and the uterus may be the origin site of LAM.®*"** However, for
a definite diagnosis, other people believe that it is necessary to obtain tissue or cytological examination for verification.

In the review part, 55 cases of malignant uterus PEComa were collected and analyzed. A summary of the epidemiology,
pathogenesis and diagnostic methods for malignant uterus PEComa was given. The average age at onset is 47.1 years old. Asians
are most likely to develop this disease (60%) compared with other races. Clinical manifestations include abnormal uterine
bleeding (41.8%), abdominal pain (25.4%), intra-abdominal hemorrhage (10.9%), and palpable abdominal masses (7.2%), while
12.7% are asymptomatic. Malignant PEComas originating in the uterus most likely metastasizes to the ovary (46.2%) and pelvic
lymph nodes (46.2%). After surgery, the main site of metastasis is lung (85.7%). The origin and pathogenesis of malignant uterus
PEComa are not clear, and about 14.5% of patients are found TSC1 and/or TSC2 gene mutation. A few patients have their onset
related to TFE3 gene fusion and RAD51B gene rearrangement. Preoperative diagnosis is difficult, and a definite diagnosis
depends on histological and immunohistochemical results.

In addition, treatment plans and follow-up information of patients with malignant uterus PEComa over the past 20
years were collected, hoping to provide better clues for standardizing the treatment strategies of this disease. To date,
there is no specific management guideline globally, and multi-sample studies are crucial for developing the best
management strategy for this rare disease. Currently, primary surgical excision is the gold standard for treatment.
Postoperative chemotherapy combined with radiotherapy is needed to maximize the therapeutic effect, and treatment
needs to be individualized.®® There is evidence that chemotherapy regimen using mTOR inhibitors in combination with
VEGFR inhibitors may be beneficial for the treatment of this disease.

Even there are a few reported cases of PEComas, due to the rarity of malignant uterus PEComa, further research
should be conducted to clarify their clinical characteristic, management strategies and prognosis.
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